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About This Manual

This manual consists of three main parts:

A-11
Introduction

2
The Single Programs of Jana98
B-1
3
The Jana98 Cookbook
M-1
4
Appendices
M-11


The first chapter describes the installation of the program and provides the basic explanation how to use Jana98. The second one comprises detailed description of the single programs of the Jana98 system. The last part presents advanced structure determination techniques on selected typical examples. 

This manual is NOT complete and is under continuous development. The first two chapters are not expected to be changed frequently but the Jana98 cookbook will be extended . New changes are announced in the Jana98  XE "Web page of Jana96" web page
 XE "Jana96:web page" . 

The manual is available in the ftp server ftp.fzu.cz as MSWord 97 document and as PostScript and PCL files. The print files of the manual are split to several parts in order not to print the whole manual whenever it is changed. See page A-18 more information about printing and updating of the manual. 

The authors will be grateful for any remark concerning both this manual and the functionality of Jana98. 
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     Introduction XE "Introduction" 
Jana98 is a system for solving and refining regular, modulated and composite structures from monocrystal diffraction data. It is  XE "Jana96:back compatibility" compatible with previous versions of the program JANA94 and JANA93, but its functionality is extended and the user interface is completely changed. 

JANA98 works up to three independent modulation vectors, six twin parts and three composite parts. The number of harmonics is limited to 16 for each positional, temperature or occupancy parameter. Special modulation functions are available - crenel functions for occupation parameters and linear functions for positional modulation. For 3 dimensional structures it is possible to refine Gram-Charlier tensors used for the description of the atomic displacement functions. 

 XE "Jana96:new fetures" New features of Jana98:

· graphics user interface

· ability to solve both ordinary and modulated structures

· possibility to use three optional integration methods in the refinement

· easy superspace approach to the commensurate modulated structures 

· improved testing of overlaps in “almost” commensurate structures

· possibility to calculate distances and angles in composites

· possibility to draw t plots of modulated parameters

· improved and extended Contour program

jana98 covers all usual tasks of the structure analysis except direct methods. It has been tested on several  XE "Jana96:computer platforms" computer platforms (Sun, DEC, HP, IBM and Silicon UNIX workstations and PC with MSDOS or Windows95 DOS emulation). The package is free software available on anonymous ftp server ftp://ftp.fzu.cz/pub/cryst/jana98. 

The authors will be grateful for any remark concerning jana98. The data of the structures, which couldn’t be solved or refined by JANA98, are especially welcome. 

1.1 Installation and User Support

 XE "Installation" \b 

 XE "Jana96:installation" The program has been tested on several computer platforms (Sun, DEC, HP, IBM and Silicon UNIX workstations and PC with MSDOS or Windows95 DOS emulation
). It is distributed in the form of the source files for UNIX workstations and VAX, and as executables for the PC. 

 XE "Ftp addresses" Jana98 is free software accessible from anonymous ftp server ftp.fzu.cz, directory pub/cryst/jana98 or from ftp.unige.ch, directory pub/soft/crystal/jana/jana98. The following files are available in the jana98 directory:

README.TXT
this downloading and installation notes
jana98.tar.Z
the UNIX version compressed by compress
jana98.tar.gz
the UNIX version compressed by gzip
install.exe
the installation program for PC version 
janap.exe
the self extracting archive for PC version
manual
the directory containing manual files 
Any WWW browser can start the anonymous ftp with help of the link in the Jana98 homepage http://www-xray.fzu.cz/jana/jana98.html. Sometimes, however, it is necessary to start “traditional” command line ftp:

An example of ftp commands:

ftp ftp.fzu.cz
Connects to ftp.fzu.cz

cd pub/cryst/jana98
Changes remote directory to jana98

binary
Sets binary transfer

get jana98.tar.Z
Copies the compressed archive (for UNIX workstation in this example) to the current directory

quit
Exits ftp

1.1.2  XE "Installation:UNIX workstation" Installing of Jana98 on UNIX Workstations

The package is distributed as source files. You need FORTRAN and C compiler and X11 graphics library to install the software. 

Step by step instructions

gunzip jana98.tar
Replaces compressed file jana98.tar.gz with  the uncompressed jana98.tar. Jana98.tar.Z should be uncompressed by "uncompress"

tar xf jana98.tar
Extracts all files from the archive jana98.tar to the directory jana98. The files of the same name will be overwritten without any warning. The tar creates the following directory structure:

jana98 -> source -> fg

            -> test


The directory jana98 contains Makefile - the description file for the compilation tool make. The directory source and fg contains source files. The testing examples are in the directory test.

cd jana98
Changes directory to jana98.

edit Makefile
You need edit the Makefile before the compilation. Find editable section corresponding to your computer and remove "#" from the first column.

make
Executes the list of commands from the Makefile. Builds the libraries and compiles all programs of the package.

make clean_up
Removes object files, libraries and temporary files, which are not necessary for using of jana98. The source files in directory source and source/fg can also be deleted except the *.fnt files, which are outline fonts necessary for the run of Jana98 . 

cd test
Changes directory to the testing examples

../jana98 testa
Runs the testing example 1

../jana98 testb 


../jana98 testc 


../jana98 testm 


Figure 1
The Makefile

###################

# Jana98 makefile #

###################

FORCE = FORCE           # don't change this setting

PREPARE =               # don't change this setting

PROG =                  # don't change this setting

INFO = unknown compiler # don't change this setting

UNDERSCORES = undef     # don't change this setting

LOWER_CASE = undef      # don't change this setting

UPPER_CASE = undef      # don't change this setting

MIXED_CASE = undef      # don't change this setting

FTN_SUFFIX = f          # don't change this setting

FOPT1 =                 # don't change this setting

# don't change following settings

CN1 =#

CN2 =#

. . . .

CN3 =#

CN4 =#

CN5 =#

CN6 =#

CN7 =#

CN8 =#

CN9 =#

CN10 =#

CN11 =#

CN12 =#

CN13 =#

CN14 =#

CN15 =#

CN16 =#

CN17 =#

CN18 =#
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CN20 =#

#####################################

# Please check following 5 settings #

#####################################

## --> 1. list of programs to compile

OBJLIST =  refine.o fourier.o contour.o datred.o dist.o editm40.o grapht.o \

            prelim.o 

## --> 2. path to source directories of Jana (relative or absolute)

JPATH = source

FGPATH = source/fg

## --> 3. the command calling C compiler (without options)

CCOM = cc 

## --> 4. the command starting Bourne shell

## (if the make cannot load the shell, try to find it by command

##  "whereis sh")

SHELL = /bin/sh


## --> 5. The application home directory

## (path for outline fonts, configuration files etc.)

## The files for fg graphic library are in JANADIR/source/fg

## The files for Jana98 are in JANADIR/source/data

JANADIR = `pwd`

Figure 1(Continued)

#############################################################

# Please look for the section corresponding to you computer #

#############################################################

# If your computer is not on the list, please contact the 

# the authors in order to add it

### IMPORTANT ####

# There are both f77 and f90 sections for each workstation,

# but most of Unix f90 compilers crashes or gives unworkable 

# results, although Jana98 is written in pure f77. 

#

# List of workstations where the f90 compilation was successful

# (If your workstation is in the list but your f90 doesn't work 

#  with Jana98, there are probably patches available from f90 

#  provider which could improve your compiler)

#

#  * IBM workstation

#  

#

# *** Please inform us if you know solution *** 

###################################

# Silicon Graphics - f77 compiler #

###################################

### Remove 1. character of each line of the editable section ###

 

## ******** start of editable section ********

# 

#   ## The command calling Fortran compiler (without options)

# FCOM = f77

#   ## Fortran compiler options

# FOPTS = -O2 -NC110 -Nc30 -w

#   ## C compliler options

# COPTS = -O2 -w

#   ## libraries to link

# LINKLIBS = -lX11

#   ## RANLIB is not used, but cannot be empty

# RANLIB = echo 

#   ## Fortran compiler adds underscore to each module

# UNDERSCORES = define

#   ## Fortran compiler changes the source code to lowercase

# LOWER_CASE = define

#   ## The length in bits of the XID identifier

# MXBITS = 32

#

# FORCE =              # please don't change this setting

# PREPARE = prepare    # please don't change this setting

# PROG = jana98        # please don't change this setting

# CN1 = a#             # please don't change this setting

# INFO = Silicon Graphics - f77 compiler # please don't change this setting

#

## ******** end of editable section ********
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###################################

# Silicon Graphics - f90 compiler #

###################################

### Remove 1. character of each line of the editable section ###

## ******** start of editable section ********

#

#   ## The command calling Fortran compiler (without options)

# FCOM = f90

#   ## Fortran compiler options

# FOPTS = -O2 -col72 -n32 -w

#   ## C compliler options

# COPTS = -O2 -n32 -w

#   ## libraries to link

# LINKLIBS = -lX11

#   ## RANLIB is not used, but cannot be empty

# RANLIB = echo 

#   ## Fortran compiler adds underscore to each module

# UNDERSCORES = define

#   ## Fortran compiler changes the source code to lowercase

# LOWER_CASE = define

#   ## The length in bits of the XID identifier

# MXBITS = 32

#

# FORCE =              # please don't change this setting

# PREPARE = prepare    # please don't change this setting

# PROG = jana98        # please don't change this setting

# CN2 = a#             # please don't change this setting

# FOPT1 = -col72 -n32  # please don't change this setting

# INFO = Silicon Graphics - f90 compiler # please don't change this setting

#

## ******** end of editable section ********

######################

# SUN - f77 compiler #

######################

### Remove 1. character of each line of the editable section ###

 

## ******** start of editable section ********

    ## The command calling Fortran compiler (without options)

  FCOM = f77

    ## Fortran compiler options

  FOPTS = -O3 -fast -Nl99 -Nc30 -w -Nn3000

    ## C compliler options

  COPTS = -I$$OPENWINHOME/include

    ## libraries to link

    ## if the linker doesn't work, try to remove -L option

  LINKLIBS = -L$$OPENWINHOME/lib -lX11 -lV77 

    ## RANLIB is used for compatibility with SunOS 4.x

  RANLIB = ranlib

    ## Fortran compiler adds underscore to each module

  UNDERSCORES = define

    ## Fortran compiler changes the source code to lowercase

  LOWER_CASE = define

    ## The length in bits of the XID identifier

  MXBITS = 32
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  FORCE =              # please don't change this setting

  PREPARE = prepare    # please don't change this setting

  PROG = jana98        # please don't change this setting

  CN3 = a#             # please don't change this setting

  INFO = SUN - f77 compiler # please don't change this setting

## ******** end of editable section ********


######################

# SUN - f90 compiler #

######################

### Remove 1. character of each line of the editable section ###

## ******** start of editable section ********

# 

#   ## The command calling Fortran compiler (without options)

# FCOM = f90

#   ## Fortran compiler options

# FOPTS = -O3 -fast -fixed -w

#   ## C compliler options

# COPTS = -I$$OPENWINHOME/include

#   ## libraries to link

#   ## if the linker doesn't work, try to remove -L option

# LINKLIBS = -L$$OPENWINHOME/lib -lX11

#   ## RANLIB is used for compatibility with SunOS 4.x

# RANLIB = ranlib

#   ## Fortran compiler adds underscore to each module

# UNDERSCORES = define

#   ## Fortran compiler changes the source code to lowercase

# LOWER_CASE = define

#   ## The length in bits of the XID identifier

# MXBITS = 32

# 

# FORCE =              # please don't change this setting

# PREPARE = prepare    # please don't change this setting

# PROG = jana98        # please don't change this setting

# CN4 = a#             # please don't change this setting

# FOPT1 = -fixed       # please don't change this setting

# INFO = SUN - f90 compiler # please don't change this setting

# 

## ******** end of editable section ********
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#####################

# HP - f77 compiler #

#####################

### Remove 1. character of each line of the editable section ###

## ******** start of editable section ********

#

#   ## The command calling Fortran compiler (without options)

# FCOM = f77

#   ## Fortran compiler options

# FOPTS = +O3 +Nc30 +U77 +E1 +Obb5000 -w +B

#   ## C compliler options

# COPTS = +O3 -I/usr/include/X11R5

#   ## libraries to link

#   ## if the linker doesn't work, try to remove -L option

#   ## if the linker still doesn't work, try to type explicitely 

#   ## LINKLIBS = /usr/lib/X11R5/libX11.a

# LINKLIBS = -L/usr/lib/X11R5 -lX11 

#   ## RANLIB is not used, but cannot be empty

# RANLIB = echo

#   ## Fortran compiler changes the source code to lowercase

# LOWER_CASE = define

#   ## The length in bits of the XID identifier

# MXBITS = 32

#

# FORCE =              # please don't change this setting

# PREPARE = prepare    # please don't change this setting

# PROG = jana98        # please don't change this setting

# CN5 = a#             # please don't change this setting

# INFO = HP - f77 compiler # please don't change this setting

#

## ******** end of editable section ********


######################

# DEC - f77 compiler #

######################

### Remove 1. character of each line of the editable section ###

## ******** start of editable section ********

#

#   ## The command calling Fortran compiler (without options)

# FCOM = f77

#   ## Fortran compiler options

# FOPTS = -O3 -col72 -nofor_main -w

#   ## C compliler options

# COPTS = -O2

#   ## libraries to link

# LINKLIBS = -lX11

#   ## RANLIB

# RANLIB = ranlib

#   ## Fortran compiler adds underscore to each module

# UNDERSCORES = define

#   ## Fortran compiler changes the source code to lowercase

# LOWER_CASE = define

#   ## The length in bits of the XID identifier

# MXBITS = 64

#
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# FORCE =              # please don't change this setting

# PREPARE = prepare    # please don't change this setting

# PROG = jana98        # please don't change this setting

# CN6 = a#             # please don't change this setting

# INFO = DEC - f77 compiler # please don't change this setting

#

## ******** end of editable section ********

######################

# DEC - f90 compiler #

######################

### Remove 1. character of each line of the editable section ###

## ******** start of editable section ********

#

#   ## The command calling Fortran compiler (without options)

# FCOM = f90

#   ## Fortran compiler options

# FOPTS = -fast -fixed -nofor_main -w

#   ## C compliler options

# COPTS = -O2

#   ## libraries to link

# LINKLIBS = -lX11

#   ## RANLIB

# RANLIB = ranlib

#   ## Fortran compiler adds underscore to each module

# UNDERSCORES = define

#   ## Fortran compiler changes the source code to lowercase

# LOWER_CASE = define

#   ## The length in bits of the XID identifier

# MXBITS = 64

#

# FORCE =              # please don't change this setting

# PREPARE = prepare    # please don't change this setting

# PROG = jana98        # please don't change this setting

# CN7 = a#             # please don't change this setting

# FOPT1 = -fixed       # please don't change this setting

# INFO = DEC - f90 compiler # please don't change this setting

#

## ******** end of editable section ********


######################

# IBM - f77 compiler #

######################

### Remove 1. character of each line of the editable section ###

## ******** start of editable section ********

#

#   ## The command calling Fortran compiler (without options)

# FCOM = f77

#   ## Fortran compiler options

# FOPTS = -O3 -w

#   ## C compliler options

# COPTS = -O3

#   ## libraries to link

# LINKLIBS = -lX11

#   ## RANLIB

# RANLIB = ranlib

#   ## Fortran compiler changes the source code to lowercase
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# LOWER_CASE = define

#   ## The length in bits of the XID identifier

# MXBITS = 32

#

# FORCE =              # please don't change this setting

# PREPARE = prepare    # please don't change this setting

# PROG = jana98        # please don't change this setting

# CN8 = a#             # please don't change this setting

# INFO = IBM - f77 compiler # please don't change this setting

#

## ******** end of editable section ********

######################

# IBM - f90 compiler #

######################

### Remove 1. character of each line of the editable section ###

## ******** start of editable section ********

#

#   ## The command calling Fortran compiler (without options)

# FCOM = f90

#   ## Fortran compiler options

# FOPTS = -O3 -qfixed -qstrict -w

#   ## C compliler options

# COPTS = -O3

#   ## libraries to link

# LINKLIBS = -lX11

#   ## RANLIB

# RANLIB = ranlib

#   ## Fortran compiler changes the source code to lowercase

# LOWER_CASE = define

#   ## Source file suffix requested by Fortran compiler

# FTN_SUFFIX = f90

#   ## The length in bits of the XID identifier

# MXBITS = 32

#

# FORCE =              # please don't change this setting

# PREPARE = prepare    # please don't change this setting

# PROG = jana98        # please don't change this setting

# CN9 = a#             # please don't change this setting

# FOPT1 = -qfixed      # please don't change this setting

# INFO = IBM - f90 compiler # please don't change this setting

#

## ******** end of editable section ********

###############################################################

# Try to start make. Please contact the authors if it doesn't #

# run correctly.                                              #

# E-mail petricek@fzu.cz or dusek@fzu.cz                      #

###############################################################


. . . . . . . . 

1.1.3  XE "Installation:MSDOS/windows" Installing of Jana98 on MSDOS PC 

The package is distributed as executables built by Lahey FORTRAN compiler. 8 MB of operating memory is minimal, 16 MB sufficient and 32MB optimal for running JANA98.

The basic setting concerning display and colours are written in the initialisation file jana98.ini, which can be changed by user in JANA98 Tools-Preferences. For some graphics cards, however, the program couldn't work properly with mouse pointer and needs another configuration. Please contact the authors in such cases.

Step by step instructions: 

1.
Make the new directory for JANA98 ("janadir"). The recommended name is c:\jana98

2.
Copy the installation files (install.exe and janap.exe) into "janadir"

3.
Run install.exe in the "janadir"

4.
Add the following line into your autoexec.bat :

SET JANADIR="janadir"

5.
Add "janadir" into the path command in your autoexec.bat.

6.
Restart the PC

7.
Change directory to "janadir"\test

8.
Run the testing examples:

jana98 testa

jana98 testb

jana98 testc

jana98 testm

The protected memory setting for Windows95

The PC version of Jana98  runs in the protected memory mode of MSDOS. If you run Jana98  with Windows95, you should change the MSDOS protected memory setting
 of the MSDOS shortcut for jana98.exe to the recommended value 65535. See 

Figure 2 page A-13 for details. 

Figure 2
The protected memory setting for Windows95
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1.1.4  XE "Installation:OpenVMS" Installing of Jana98 on OpenVMS Workstations 

 

1.1.5  XE "Parameter statement" 

 XE "Installation:adjustable parameters" The Adjustable Parameters 

The number of atoms, molecules etc. in Jana98 is limited. The user can control some of the limits by the corresponding parameter statement in the source code. After changing the limits the program needs to be recompiled.

The following table lists the adjustable parameters of Jana98. All parameters are defined in the file params.cmn. 

Table 1
The adjustable parameters of Jana98
name 
initial value
purpose

MXA
200
maximal number of atoms

MXM
5
maximal number of molecules

MXP
15
maximal number of the  positions of single molecule

MXW
16
maximal number of modulation waves

MXREF
50000
maximal number of the reflections for the refinement

MXE
500
maximal number of equations in the m50

MXEP
10
maximal number of the parameters in single equation

MXPARRF
1000
maximal number of the refined parameters

1.1.6 The File Locations

The System Directory JANADIR

Jana98 searches the system directory denoted here as JANADIR for configuration files, font files etc.  JANADIR is defined during installation of Jana98 as the installation directory so that the source files of Jana98 are in directory JANADIR/source. 

The user can redefine the system directory pathname by setting the variable JANADIR. The corresponding commands are:

· PC: set janadir=pathname
· UNIX C-shell: setenv JANADIR pathname
· UNIX Bourne shell: JANADIR=pathname; export JANADIR 

The PC users should type the command to the autoexec.bat. The UNIX users can type the command to the command line or to the C-shell start-up file .cshrc.  

The Directory Structure

The following figures show the directory structure of installed Jana98 for PC and UNIX. Note that the tree is relative to janadir, which can be defined be the user. In the figures there are denoted the files which are necessary for the run of compiled Jana98.

Figure 3
The Directory Structure of PC Installation

[image: image3.png]



Figure 4
The Directory Structure of UNIX Installation
[image: image4.png]



The Structure Files

The files of a specific structure (m40, m50 etc.) are written to the current directory. The current directory is the one from which Jana98 was started or the one selected by the file manager of Jana98 (see page B-5). 

The Configuration Files

Jana98 uses the configuration file jana98.ini containing current user preferences. The file can be changed by the point "Preferences" of the Tool menu in the basic window of Jana98 (see page B-9). 

The directory for jana98.ini is JANADIR for the PC version and JANADIR/source/data for the UNIX version. 
The Font Files

The UNIX version of Jana98 uses special outline fonts for labels of the contour maps, grapht plots etc. The directory for the outline fonts is JANADIR /source/fg.

The Data Files

Jana98 needs some data files for icons and CIF dictionary. The PC version uses the directories janadir/cif, janadir/pcx16 and janadir/pcx256. The UNIX version uses directory janadir/source/data. 

The Temporary Files

The directory for temporary files name.l?? and *.pcx is current directory where the structure is solved. This is why two sessions of Jana98 cannot run in the same current directory. 

The directory for the temporary files cmd*.tmp is the home directory of the user ($HOME for UNIX users). UNIX users can redirect these files to other directory, for instance /tmp, via "Preferences" of the Tool menu in the basic window of Jana98 (see page B-9).

1.1.7 User Support

WWW Page of Jana98  

The home page of  Jana98  is accessible in addresses

http://www-xray.fzu.cz/jana/jana98.html and

ftp://ftp.unige.ch/pub/soft/crystal/jana/hpageJ98/jana98.html. It contains the latest information about the changes of Jana98 and list known bugs, the FAQ section, links to the ftp servers in Praha and Geneva, links to e-mail addresses of the authors and the form for registration of the users.  

Figure 5
The Jana98  WWW Home Page
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Registered Users

The WWW home page contains also the form for registering of the users. Although Jana98 is free software, which is fully functional without registering, the registered users have advantage of detailed information about upgrades, which is sent them by e‑mail. The list of regular users helps the authors to estimate where and how much is Jana98 used and how many people are interested in it. 

Figure 6
The Registering Form of the WWW Home Page
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Printing and Updating the Jana98   XE "Manual:printing and updating" Manual

The manual is available in ftp.fzu.cz, directory pub/cryst/jana98/manual or in ftp.unige.ch, directory /pub/soft/crystal/jana/jana98/manual as MSWord 97 document and also as PostScript and PCL print files. The PostScript files are written in Adobe 3.0 format. The PCL files are configured for HP LaserJet III printer.

The name of each print file consists of the abbreviated name of the chapter and of the prefix, which sorts the files alphabetically to the same order as they appear in the manual. The printer command for one-sided printing of the whole manual from PostScript print files can look like "copy *.ps lpt1" for MSDOS or "lpr *.ps " for UNIX.

The Word document uses fonts Times New Roman, Courier New, Arial and Arial Narrow, which are expected to be available for each installation. The "head" and the "tables" sections, however, contain also special Czech fonts and should be printed from the print files. The Word document is huge and can be scarcely used on computer with memory less than 32M.

The printing of the Word document has been tested with Windows95 environment and printer drivers HP LaserJet III (binary output) and HP LaserJetIIIP (PostScript output). The PCL driver should be configured to “Fine dithering” and “Intensity 135” (see Figure 7 page A-19 for details). The Fine dithering is necessary to reach good quality of the screen copies. The Intensity 135 prevents printing of totally black background of the Jana98  windows, which is toner expensive. 

The Postscript output is useful if the manual will be read online by ghostview or similar viewer. The PCL output is better for printing as it is fast and the result is better than from the Postscript files. The best online browser of Jana98 manual is MSWord97 or Word97 viewer used for Word97 document as it can take advantage of the hypertext features of the manual. 

The recent changes of the manual are announced in the JANA98 WWW page. The information is available which print files were affected. As the page numbering of main chapters is independent it is not necessary to print the whole manual after each change.

Figure 7
An Example of the Printer Setting for HP LaserJet 4ML
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 XE "Refinement:testing examples" 

 XE "Testing examples" The Results of the Testing Refinement

After the system has been successfully installed the user can run the refinement of the testing examples to see if it works properly. The resulting R values should be close to the ones listed here. 

Figure 8
The Refinement Results for the Testing Example testa
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Figure 9
The Refinement Results for the Testing Example testb
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Figure 10
The Refinement Results for the Testing Example testc
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Figure 11
The Refinement Results for the Testing Example testm
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1.2  XE "Jana96:executing" Executing Jana98 

The PC version of Jana98 runs as MSDOS application in the full screen mode. It can be started from the DOS command line or by clicking the Jana98 executable or appropriate shortcut by mouse. 

The UNIX version can be started from the command line. Under normal circumstances it doesn’t use the console output so it can be started on the background.

The parallel run of several Jana98 sessions is possible, but it is strongly recommended to start each session in special directory. Running two sessions of Jana98 in one directory could cause a conflict of the temporary files. 

1.2.1  XE "Jana96:command line syntax" The Command Line Syntax

Executing PC version of Jana98  

The syntax for starting Jana98 from MSDOS command line is

jana98 [name] 

Executing UNIX version of Jana98  

The syntax for starting Jana98 from UNIX command line is

jana98 [name] [options] [&]

The parameter name is a reference title of the structure, which is used in all the filenames of the job. If name is missing the program asks for it. The name should be written in lower case – the UNIX filename conventions are not supported. The “&” at the end of the command is used to start the program on the background. 

The options start by dash followed by a keyword and a value (if required). 

Table 2
The command line options available in UNIX version of Jana98 

option
description

-iconic XE "Options:-iconic" 
Jana98 starts as an icon instead of normal window

 XE "Options:-scale" -scale number
the height of Jana98 window
 will be number percents of the height of the display 

1.2.2  XE "Files:file name conventions" The File Name Conventions

Each filename used by Jana98  consists of the name of the structure and three character extension. In this manual the files are referenced only by their extensions. 
Table 3
The basic file groups in jana98
group
extension

input/output files
m+number (m40,m50 etc.)

listing
first three characters of the program name (ref,fou etc.)

configuration
ini

CIF
sum and cif

scratch files
l+number (l81,l82 etc.)

tmp

pcx

graphic output
ps,hgl,pcx

Example: 

Name of the structure: 
testa

Refinement reflection file: 
testa.m91   (m91 in this manual)

Basic crystal information file: 
testa.m50 (m50 in this manual)

Refinement parameter file: 
testa.m40 (m40 in this manual)

Refinement listing: 
testa.ref

1.2.3  XE "Jana96:graphics interface" The Elements of the Jana98 Graphics Interface 

Jana98 provides following basic tools for the user communication. 

· Pull down menu

· Form

· Dialogue box

· Message box

· Special tools

All of them can be controlled by mouse and from the keyboard.

The special tools will be described in the corresponding places of the manual. This is the list of special tools:

· File Manager (see page B-5)

· Select Atoms Form (see page E-3)

· Crystal Shape Form (see Figure 31, page B-16)

Pull Down Menu

The pull down menu is used for selecting a work from the list and starting it. 

Figure 12
An Example of the Pull Down Menu
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· Click
· Selects a work and starts it

· Clicking outside the menu cancels the menu

· Double-click
· Not useful

· Click out of the menu
· Cancels the menu 

· Mouse movement
· Selects a work

· 
· Enter
· Selects a work and starts it

· Double-Enter
· Not useful
· Esc
· Cancels the menu

· Arrows
· Select a work

· Key
· Selects and starts the work denoted by underlined letter
· Alt-Key
· Not useful
· Ctrl-Key
· Not useful
· Tab
· Not useful

Form

The form is used for gathering information necessary for some work. It contains following objects: text boxes, check boxes and buttons.

Figure 13
An Example of the Form
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· Click
· Selects an object

· Double-click
· Not useful

· Click out of the form
· Not useful 

· Mouse movement
· Not useful

· 
· Enter
· Selects OK button

· Double-Enter
· Closes the form and starts the work
· Esc
· Cancels the form

· Arrows
· Move the insertion point inside the text boxes

· Key
· Writes to text boxes
· Alt-Key
· Selects the object denoted by underlined letter
· Ctrl-Key
· Not useful
· Tab
· Changes the focus between  text boxes and check boxes

Text box

The text boxes are used for entering text from the keyboard. 

Figure 14
Example of the Text Box
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· Click
· Selects the text box

· Sets the insertion point inside the text box

· Handles the shift buttons of the text box

· Double-click
· Not useful

· 
· Tab
· Changes the focus between text boxes and check boxes

· Arrows
· Moves the insertion point inside the text box

· Home
· Moves the insertion point to the beginning of the text box
· End
· Moves the insertion point to the end of the text box
· Key
· Writes to text boxes
· Insert
· Toggles between the insert and overwrite mode

· Enter
· Leaves the text box and selects the OK button
· Ctrl-Y
· Deletes the contents of the text box

Dialogue Box

Figure 15
An Example of the Dialogue Box
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· Click
· Selects Yes/No

· Starts selected work by clicking on OK button

· Double-click
· Not useful

· Click out of the form
· Not useful 

· Mouse movement
· Not useful

· 
· Enter
· Starts selected work

· Double-Enter
· Not useful
· Esc
· Not useful

· Arrows
· Select Yes/No

· Tab
· Selects  Yes/No

Message Box

Figure 16
An Example of the Message Box
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· Click
· Closes the box by clicking on OK button


· Enter
· Closes the box

· Esc
· Not useful

 XE "Graphics interface:menu"  XE "Graphics interface:form"  

1.2.4  XE "Jana96:atom names" The Atom Names in Jana98 

Each atom of the structure model has its name listed in the refinement parameter file m40. The length of the name is limited to 8 characters, but the recommended length is about 4 or 5 characters as Jana98 appends discriminatory characters to the end of the atom names during some operations. The names are case insensitive.

 XE "Atom names:wildcards" Wildcards
In the text boxes of some forms and also in the restric, equation and fixed commands of Refine (see Table 13 page D-8) and the center command of fourier (see Table 14 page F-2) some groups of atoms can be defined at a time using the wild cards. The wildcards have usual meaning:

Sn* 
denotes all names starting with string “sn”. 

S? 
denotes all names starting with “s” and containing two characters .

?a* 
denotes names having the letter “a” in the second position.

 XE "Atom names:molecular positions" 

 XE "Molecule:atom names and molecular positions" The molecular positions

The names of atoms in specific molecular positions are composed from the name of a model atom and a discriminative character denoting the molecular position. For instance, the arsenic atom As of a model molecule has name Asa in the 1st position, Asb in the 2nd one etc. See § 2.5.3 page E-12 for more information about molecules).

Extended names can be used for definition of a general plane (see § 2.7.4 page G-8), in the dist  select  control command  (see § 2.8.2 page H-2) etc and They cannot be used in the refinement restriction keys (see page D-8) because they are not present in the m40 file. 

 XE "Atom names:symmetry positions" 

 XE "Symmetry:atom names and symmetry positions" The symmetry positions

EditM40  enables symmetry expansion of atoms in m40. A discriminative character also extends the names of expanded atoms. 

 XE "Atom names:internal symmetry codes" 

 XE "Internal symmetry codes" 

 XE "Symmetry:internal symmetry codes" The internal symmetry codes

Some tools of the package accept the internal symmetry codes, which follow the basic m40 name and denote a specific symmetrical position of the atom. The internal symmetry code is separated from the basic name by “#” character.

Syntax: sn cm ti1i2i3
sn 
specifies the |n|th symmetry operator from the m50 file. If n is negative, the operation is combined with the centre of symmetry
.

cm 
specifies that the mth  centring vector will be added to the result of the symmetry transformation sn (The centring vectors are listed in the basic crystal information part of any Jana98 listing - see Figure 55 page D-22)
ti1i2i3
specifies the additional cell translation defined by three integers i1, i2 and i3. 

Examples :

Si3#s-3c2t1,-1,0 

Na1#s2

Cr4#t1,0,-1

The atom name together with the internal symmetry code can exceed the length of 8 characters because it is never present in the m40 file. The internal symmetry codes can be used for the definition of the general section plane (see § 2.7.4 page G-8) and are also present in the dist  long listing m61 (see § 2.8.4 page H-16).

1.2.5  XE "Jana96:fortran listing" 

 XE "Listing" The FORTRAN Listings of Jana98 

 XE "Listing:printing of wide FORTRAN listing" jana98 creates 132 characters wide listings with the FORTRAN carriage control characters. They should be translated to the printer control characters before printing the listing in order to keep proper paging and look of the copy. It is especially necessary for printing of the dist  wide listing as the distances are listed in newspaper columns. 

On UNIX systems there is usually available fpr  utility, which translates  the listing to the form prepared for the printer with wide paper.  Another widespread utility a2ps  enables printing of the jana98 listings on the laser printer with A4 page by translating the output of the fpr  to PostScript file.

Example 1: printing the listing as an ASCII file in the printer with wide paper

cat testa.ref | fpr | lpr

Example 2: printing the listing as the PostScript file to the A4 page landscape

cat testa.ref | fpr | a2ps -nH -1 -nd -nu -F6.5 -B -nL -l -ns -i | lpr

Note: MSWord macro for printing the FORTRAN listings of Jana98 is under development.

1.2.6  XE "Jana96:error levels" 

 XE "Error levels" The Error Levels in Jana98 

There are three error levels in Jana98. 

· warning doesn’t breaks the execution of a particular task of a single program of Jana98 .

· error breaks the particular task of a single program and returns to the calling  menu item

· fatal error breaks both the particular task of a single program and the program itself and returns to the basic Jana98 window

 XE "Jana96:basic parts" The Basic Parts of Jana98 

1.2.7  XE "Jana96:list of programs" 

 XE "Programs:list of single programs" List of Programs 

The single programs of Jana98 cover all usual tasks of the structure determination - starting with data reduction to the refinement and structure interpretation. 

Table 4
The programs of Jana98 - purpose, input and output files.

 

(The input files in the square brackets are not necessary for the program.)

name

reference
input/output files

purpose

 XE "Datred:short description" Datred
(Page B-13 )
Input: diffractometer output file, [m95]
Output: m95
M50 control keywords: none
Datred (the Data Reduction Program) reads the diffractometer output file, calculates LP and absorption corrections and creates the basic reflection file m95. If m95 already exists, Datred doesn't read diffractometer output and works with the reflections from m95 - this feature can be used for modification of absorption correction etc.

 XE "Prelim:short description" Prelim

(Page C-1)
Input: m94,m95 or foreign reflection file (SHELX etc.), [m50]
Output: m50,m91,[m95],pre

M50 control keywords: none

Prelim prepares interactively the basic crystal information file m50 and then creates the refinement reflection file m91. The crystal information already prepared by Datred is transferred to Prelim in m94. If m50 already exists, Prelim reads crystal information and enables its editing. The m91 is created from the basic reflection file m95 by averaging the reflections according to the symmetry and by deleting of systematically absent reflections. If m95 doesn’t exist, i.e. if the data reduction hasn’t been done by Datred, the reduced data should be imported to Prelim by "import" command, which creates m95 from a foreign reflection file.  

 XE "Refine:short description" Refine

(Page D-1)
Input: m50,m91,[m40]
Output: m40,m80,ref

M50 control keywords: the section between the keywords refine and end
Refine reads the parameters from the refinement parameter file m40 and refines them according to the commands in m50 and the pertinent refinement keys in m40. The Refine saves the results of the refinement to m40 after each refinement cycle. During the last refinement cycle it creates the Fourier reflection file m80.  If the input file m40 doesn't exist or if it doesn’t contain any atoms, Refine automatically prepares m80 file for the calculation of the Patterson map.

Table 4 (continued)

 XE "Editm40:short description" EditM40

(Page E-1)
Input: m50,[m40],[m48],[m45]
Output: m40

M50 control keywords: none

EditM40 creates or edits the refinement parameter file m40. It can be used for adding or deleting atoms, setting the number and type of the structure parameters, their initial values and refinement keys, creating molecules
 etc. In addition two special input files m48 and m45 can be used in EditM40. The Fourier maxima file m48 can be used for adding of the Fourier maxima to m40 and the model molecule file m45 for the creation of the molecules. 

 XE "Dist:short description" dist

(Page H-1) 
Input: m40,m50 ,[m47],[m48]

Output: dis, m61 

M50 control keywords: the section between the keywords dist and end
dist  calculates distances, angles, torsion angles and best planes for the structure model defined in m40. It can also work with the coordinates of the Fourier maxima and minima stored by fourier in the m47 and m48 file. For modulated structures dist calculates the distances and angles as a function of the t coordinate.  The results are written to the wide listing dis in an “economical” form (see 1.2.5 page A-32 for the information how to print the wide FORTRAN listing) and to the long one column listing m61 together with the symmetry codes.

 XE "Fourier:short description" fourier

(Page F-1)
Input: m40,m50,m80 

Output: m81,m47,m48,fou

M50 control keywords: the section between the keywords fourier and end

fourier calculates multidimensional electron density maps and stores them in the Fourier map file m81. fourier creates the file m47 with the ordered list of the Fourier minima and the file m48 with the sized list of the Fourier maxima and positional modulation amplitudes calculated from the maps. 

Note: The Fourier reflection file m80 has to be created by Refine.. Make sure of running Refine before FOURIER. If the refinement reflection file m40 is empty, Refine prepares m80 for the calculation of the Patterson map.

Table 4 (continued)

 XE "Contour:short description" contour

(Page G-1)
Input: [m40],m50,[m81 ]

Output: none

M50 control keywords: none

contour interprets multidimensional electron density maps calculated by fourier and stored in the m81 file. The program produces contours plots of the Fourier maps in the direct space for regular and modulated structures and electron/probability density plots based on a set of the refined parameters for regular structures including Gram-Charlier expansion XE "Gram-Charlier expansion"  terms up to 6th order. It can also generate input files for the program SciAn XE "SciAn"  for 3d visualisation of electron/probability density. Error maps based on the refined parameters and the covariance matrix from the refinement can be calculated by applying the Monte Carlo method.

 XE "Grapht:short description" grapht

(Page I-1)
Input: m40,m50 

Output: none
M50 control keywords: none

grapht plots various quantities as a function of the t coordinate.

1.2.8  XE "Files:list of" List of Files 

Table 5
The files of jana98
name

reference
purpose

 XE "M95:short description" m95

(Page B-21)
Name: Basic reflection file XE "Basic reflection file" 
Created by: Datred or Prelim
Input for: Datred or Prelim
The basic reflection file m95 contains non-averaged reflections corrected for the LP factor and (possibly) for absorption. The systematically absent reflections are included in the file. It is usually created by datred from the diffractometer output file. The m95 can also be created by prelim  by importing of the jana94 reflection file or the reflection file of different system (SHELX). 

Note: Deleting of m95 at the end of prelim  is a bad practice. The m95 is not used for the refinement but it is necessary in the case of the changing the symmetry and reaveraging the reflections. 

 XE "M94:short description" m94


Name:  XE "Header file of m95" Header file of m95 
Created by: Datred or Prelim
Input for: datred or prelim

The Header file of m95 named m94 contains information about orientation matrix, cell parameters and possible user transformations etc. It is used for transferring an information between Datred and PRELIM. Thus the chemical formula typed in datred is available in prelim etc. 

Note: m95 cannot be used without m94.  

Table 5 (continued)

m91 XE "M91:short description" 
(Page C-11)
Name: Refinement reflection file XE "Refinement reflection file" 
Created by: Prelim
Input for: refine

The file m91 contains the reflections for the refinement.

Note: The m91 cannot be used as the input for Prelim. prelim always reads the basic reflections file m95 and creates new m91.

m93 XE "M93:short description" 
Name: FoFc table XE "FoFc table" 
Created by: Refine 

The table of observed and calculated structure factors is created by Refine if the refinement control command fofc in m50 is set to 1. 

m80  XE "M80:short description" 

Name: Fourier reflection file XE "Fourier reflection file" 
Created by: Refine
Input for: fourier

The Fourier reflection file contains reflections for the calculation of Fourier or Patterson maps. It is created in the last cycle of Refine. If m40 read by Refine is empty, Refine prepares m80 for the Patterson calculation. 

Note: m80 is a binary file

m40  XE "M40:short description" 
(Page  E-8)
Name: Refinement parameter file XE "Refinement parameter file" 
Created by: EditM40   or Refine 

Input for: all programs of Jana98 except Datred and Prelim 

The refinement parameter file m40 contains the parameters of the structure model and corresponding keys of the refinement. The m40 can be created or edited by EditM40. At the beginning of the refinement Refine reads m40 with initial values and makes a copy of m40 named s40 XE "s40" . Then it changes the keys of the refinement according to the refinement control commands in m50, writes them to m40 and starts the refinement. The refined parameters are written to m40 after each refinement cycle. 

Note: See § 2.4.2 page D-4 for more information about the refinement keys

m48 XE "M48:short description" 
(Page F-6)
Name: Fourier maxima file XE "Fourier maxima file" 
Created by: fourier 

Input for: EditM40 

The Fourier maxima file m48 contains the sized list of the Fourier maxima together with the positional modulation amplitudes calculated from the maps. The file can be used by EditM40 for adding new atoms to the m40 file. 

m47 XE "M47:short description" 
(Page F-6)
Name: Fourier minima file XE "Fourier minima file" 
Created by: fourier 

Input for: EditM40 

The Fourier minima file m48 contains the ordered list of the Fourier minima. The file has the same format as m48 but it doesn’t contain modulation parameters. 

Table 5 (continued)

m50 XE "M50:short description" 
(Page C-7)
Name: Basic crystal information file XE "Basic crystal information file" 
Created by: Prelim 

Input for: all programs of Jana98 except Datred 

The head of the basic crystal information file m50 contains cell parameters, symmetry information, atomic form factors etc. The basic information is common for all programs of Jana98 and is separated from the rest of the file by the keyword end. The second part of m50 contains the keywords specific for the single programs of Jana98. The section for a particular program starts with the name of the program and ends with the keyword end. .

Note: changing of the basic crystal information part of m50 “by hand” is a bad practice. The recommended tool is program PRELIM.  

m45 XE "M45:short description" 
(Page E-15)
Name: Model molecule file XE "Model molecule file" 
Created by: user

Input for: EditM40 

The model molecule file m45 contains coordinates of a model molecule. It can be used for the creation of a new molecule by EDITM40.

m81 XE "M81:short description" 
Name: Fourier map file XE "Fourier map file" 
Created by: fourier 

Input for: contour 

The Fourier map file contains a set of the Fourier maps represented by two-dimensional nets of numerical values of electron density (e/Å3). The m81 is interpreted by the contour program. 

Note: m81 is a binary file

m61 XE "M61:short description" 
(Page H-16)
Name: Dist long listing XE "Dist long listing" 
Created by: dist 

The Dist long listing m61  contains the dist results calculated for the average positions from m40 in long form together with the symmetry codes used for the calculation of the specific distance or angle. 

pre

(Page C-15)

Listing of Prelim

ref

(Page D-22)
Listing of Refine

fou

(Page F-8)
Listing of fourier

dis

(Page H-5)
Listing of dist



1.2.9  XE "Jana96:basic steps" The Basic Steps in jana98
Jana98 is integrated structure determination program package. The order of the basic steps during the structure analysis is common for most problems and has to be maintained in order not to corrupt the communication between the single programs.   

The following paragraph describes the basic steps in Jana98. More information about the mentioned programs is available in Table 4, page A-33. More details about the input and output files are in Table 5, page A-35. 

· Preparing  the basic reflection file m95 
The file m95 is created by Datred from the diffractometer output file or by Prelim from the reflection file created by other system.

· Preparing  the basic crystal information file m50 
· Preparing  the refinement reflection file m91 
Both m50 and m91 are created by Prelim. The m50 is prepared or edited interactively. Once the basic crystal information is prepared Prelim offers averaging of the reflections from the basic reflection file m95 and creates the refinement reflection file m91. 

· Preparing the  refinement parameter file m40
The solution of the phase problem in Jana98 is limited to the heavy atom method. There is no direct method program in Jana98. 

a)   XE "Patterson:preparation of  input file" In order to solve the structure from the Patterson map it is necessary to use Refine without m40 file - it will prepare the fourier reflection file m80 for the calculation of the Patterson map. 

b)  If there is already known some fragment of the structure model, use the EditM40 for preparation of the refinement parameter file m40. 

· Refinement of the structure
Refine reads the structure model stored in m40, refines the parameters and stores them after each refinement cycle to m40. At the end of the refinement Refine creates the Fourier reflection file m80 which is necessary for the calculation of the Fourier maps. 

· Calculating  Fourier and Patterson maps
fourier reads the Fourier reflection file m80, calculates the Fourier or Patterson map and stores it in the Fourier map file m81. It creates the file m48 with the ordered list of the Fourier maxima and positional modulation amplitudes calculated from the maps. The m48 can be used in the EditM40 for adding new atoms to m40. 

· Interpretation of the Fourier maps by the contour program
contour interprets the maps stored by fourier in m81. 

· Calculation of the distances and angles 
dist calculates distances and angles from the parameters written by Refine to m40. It also works with the Fourier maxima stored by fourier in m47 and m48.

The following three examples elucidate in more detail the input-output file strategy in Datred and Prelim.

· Changing the symmetry XE "Symmetry:changing of" 
Prelim does all the work concerning the change of the symmetry. It reads the old symmetry information from m50 and then enables the user to change it interactively by means of the “symmetry” menu item. Then the user should start the “creation of the refinement reflection file”. Prelim reads the basic reflection file m95, offers its averaging according to the new symmetry and creates the new refinement reflection file m91. Old m91 (if exists) is overwritten. 

·  XE "Absorption:changing the correction" Changing the absorption correction
To change the absorption correction the user should use Datred and Prelim. Datred reads the reduced diffractometer data from m95 and the orientation matrix from m94. Then the data for the absorption correction can be defined through the medium of the “absorption correction” point of the main menu. Datred calculates the correction and creates new basic reflection file m95. Then the user should start Prelim, the item “creation of the refinement reflection file” of the main menu. Prelim reads m95, offers averaging of the reflections according to the symmetry information read from m50, and creates new refinement reflection file m91.

·  XE "Merging data of several measurements" Merging reflections of several measurements
Jana98 enables to work with the results from several measurements of the same crystal. At the beginning the user should run Datred for each data set with different job names. Datred makes the data reduction and creates the basic reflection files named name1.m95, name2.m95 etc. for each data set. Prelim then joins the single m95 files by the medium of “import of reflections” point of the main menu. It creates the resulting m95 with merged data. Then the user should enter the basic crystal information and create the refinement reflection file m91. Each original set of the data can have its own  XE "Scale:scaling data sets in m91" scale key in m91 so that Refine can work with individual scale for each set.

The Import utility of Prelim is described in § 2.3.5 page C-5.
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The Single Programs Communication XE "Communication of single programs" 
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   The Single Programs of Jana98
The single programs of Jana98 can be divided into three groups. The preliminary programs Datred and Prelim are used to prepare the refinement reflection file m91 and the basic crystal information file m50. The structure solution programs fourier, EditM40 and Refine are used for solving of the phase problem, preparation of a structure model and its refinement. The interpretation programs contour, grapht and dist enable to visualise electron density maps, modulated parameters or probability density functions and to calculate distances, angles and best planes as a function of the t coordinate. 

The cursory overview of the single programs usage and communication has been already done in Table 4, page A-33, in § 1.3.3, page A-38 and in Figure 17, page A-40. In this chapter the programs of Jana98 are described in more detail. 

The Basic Window of Jana98 

Figure 18
 XE "Jana96:basic window" The Basic Window of Jana98
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 XE "Status line" The command line syntax used to start Jana98 is explained in § 1.2.1 page A-25. Jana98 opens the basic window with the title bar, menu bar, status bar and the icons for the basic programs of Jana98. All buttons on the right are disabled as they are not useful for the basic window. The name of the structure, if available, is printed on the status line.

The controlling of the basic window by mouse and by the keyboard is explained in the following table. 

Table 6
Control of the Jana98 basic window
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· Click
· Starts pull down menu

· Starts an items of the pull down menu

· Selects an icon

· Double-click
· Starts the program associated with an icon

· Click out of the pull down menu
· Closes the pull down menu

· Mouse movement
· Selects an item of the active pull down menu

· Changes focus between the pull down menus if one of them is activated

· 
· Enter
· Starts the pull down menu item or the program associated with an icon

· Double-Enter
· Not useful
· Esc
· Not useful (The basic window can be closed only by means of the File menu)

· Arrows
· Changes the focus between the icons if one of them was selected

· Selects the  pull down menu items
· Alt-Key
· Starts the pull down menu denoted by underlined letter
· Ctrl-Key
· Starts the program which name contains the underlined letter.
· Key
· Starts the item of a pull down menu denoted by underlined letter
· Tab
· Not useful

The File Menu

The File pull down menu is used for selecting of the structure for later work and for quitting of the basic window. The full screen PC version of Jana98 contains one extra point for skipping to DOS. 

The first point of the menu starts the File manager of Jana98, which is described in the next page. 

Figure 19
The File Menu
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The File Manager

The file manager is used for selecting or changing of the current structure. The files are listed as groups
 with a flag showing if the group corresponds with a structure or a data file. The groups without the flag are not useful for Jana98. 

The file manager can be also used for preparing of a new structure filename. It should be typed to the text box in the right column of the file manager.

Figure 20
The File Manager
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Table 7
The File Manager Control


[image: image32.png]



[image: image33.png]




· Click
· Selects file or directory

· Changes directory or accepts the name of the structure

· Closes the File manager

· Double-click
· Changes directory or accepts name of the structure

· Click out of the window
· Closes the File manager

· Mouse movement
· Not useful

· 
· Enter
· Selects OK button

· Double-Enter
· Selects OK button and closes the File manager
· Esc
· Closes the File manager

· Arrows
· Select file or directory
· Tab
· Changes the focus between left and right column of the File manager
· Alt-V
· Changes directory or accepts the name of the structure
· denoted by underlined letter

The Edit Menu

The Edit menu is used for editing of files by text editor. The default editors are Edit for the PC version and vi for Unix version of Jana98. This setting can be changed in the Properties item of the Tool menu (page B-7). The file for the editing can be selected by the File manager (page B-5), which works in this case with single files and not with groups of files. 

Figure 21
The Edit Menu
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The Run Menu

The Run menu is used for starting the single programs of Jana98. Pressing the Ctrl‑key or double–clicking of the relevant icon in the basic window of Jana98 can also start the single programs.

Figure 22
The Run Menu
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The Tools Menu

The Tools menu contains various jobs that use the results of the single programs or affect their behaviour. The point “Say hello...” is intended to inspirit the user. 

Figure 23
The Tools Menu
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Recover m40 file

At the beginning of each refinement program refine makes m40 backup file named s40. This tool copies the s40 back to the m40. There is currently only one copy of m40 maintained. 

Define Refinement Repeat

The maximal number of the refinement cycles in the refinement program refine is limited to 18. Sometimes, however, it is useful to run more cycles. This tool defines number of refinement repeats, i.e. how many times refine will be restarted. The number of cycles calculated by each run of refine is defined in m50 file (page D-8).

Transferring Files from SHELX

This tool reads the name.hkl and name.ins SHELX files, where name is the name of the structure selected by file manager (page B-5). Then it creates files m40, m50, m91, m94 and m95 so that the user can start immediately refinement. If the files already exist they are overwritten without any question. 

The user dialogue during the creation of the refinement reflection file m91 is described in page C-11. 

Creating CIF Files

This tool creates CIF file name.cif containing all information accessible by Jana98. 

During the run of the single programs Jana98 creates the file name.sum and complements it with information needed for the CIF file. Each program has its own header in name.sum. When creating the CIF file Jana98 combines information from m40 and m50 with the one in name.sum. The CIF fields with corresponding information unknown are filled with "?". 

To have as complete CIF file as possible the user should run at least refine and dist. Some fields, however, like _cell_measurement_temperature cannot be filled by Jana98 and the user is expected to fill them by a text editor. The information about distances and angles is based on the results of dist and needs some editing too as it usually contains superfluous items. 

The CIF concept, syntax and tools are described in http://www.iucr.ac.uk. The CIF files can be checked for syntax errors and completeness by automatic mail server checkcif@iucr.ac.uk - it needs just to send the CIF file to this address without any comment or header. The similar program for printing of the CIF is accessible through the e‑mail address printcif@iucr.ac.uk. 

Jana98 supports CIF dictionary for modulated structures proposed by G.Madariaga (1994).  Unfortunately IUCr does not currently support this directory - it is referenced as "work in progress" in the IUCr WWW home page. Therefore the CIF files for modulated structures cannot be checked and printed by checkcif@iucr.ac.uk and printcif@iucr.ac.uk, respectively. 

Preferences

Both PC and UNIX version of Jana98 uses the configuration file jana96.ini (see page A-15 for the file location), which contains the user preferences. This tool is used for changing and saving of the user preferences. 

In the case of the PC version the preferences are saved to the configuration file if the form is closed by OK button. 

Figure 24
The User Preferences for PC Version
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The preferences for UNIX version  are saved in the configuration file by "sae preferences"  button. If the form is closed by OK button the preferences are executed but not saved. 

The editor and printer commands contain special characters %d and %f. The %d stands for the name of the X11 monospaced font used for Jana98 menus, forms etc. The %f stands for the name of the file which will be printed or edited. The %f cannot be omitted. 

The serious limitation in the current version of Jana98 is that the maximal length of the command is 80 characters. 

The UNIX printer command looks like this:

lpr  %f
sends the output to the default printer. 

lpr -Pname %f
sends the output to the printer named name.

lpr -Pname -s  %f
sends the output to the printer named name. The option -s causes the file, which has to be printed, is not copied to the spool area so that large file can be printed. 

The UNIX editor command depends on the type of the UNIX workstation. For sun workstation for instance the command can look like

textedit -fn %d %f

Two editors - vi and emacs - are usually installed on every UNIX workstation.  The command line for emacs looks like

emacs -font %d %f

The command for vi should open xterm as vi does not open its own window:

xterm -fn %d -e vi %f

Figure 25
The User Preferences for UNIX Version
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Resizing Jana98 Basic Window

The PC version of Jana98 runs in the full screen mode. Thus the user can only toggle between reduced and full window (see Figure 24 page B-9). 

The UNIX users can define the size of the Jana98 basic window by three ways:

· By the command line option -scale (see Table 2 page A-25).

· By the "Preferences" form (see Figure 25 page B-10).

· By dragging the corner of the window by mouse

The "Normal window" in the Preferences is the default one or the one defined by the ‑scale option. The "Minimal window" is the smallest window Jana98 can properly work in. 

The resizing of the window by mouse works only in the basic window mode (see Figure 18, page B-3). The size of the window is changed and the X11 fonts are reloaded. The window manager is instructed to keep the aspect ratio unchanged. If Jana98 is not in the basic window mode, the changed size of the window is automatically backed to the original value. 

Printer settings

Some programs of Jana98 such as contour or grapht have possibility to send the output directly to a printer. It is done by the Print button, which is, however, activated only if the user has completed the printer settings in the Tools menu. 

The printer setting for UNIX version are defined in the Preferences form, see page B-9. The PC printer settings uses special Printer point of the Tools menu.  

For the PC version there is possibility to use both PostScript and raster output which can be directed to the ports Lpt1 or Lpt2. In the Printer form there is list of the printer drivers, which is important for the raster output. If you choose the PostScript output the printer driver is irrelevant, as there is only one type of the PostScript available, which is expected to work properly with each PostScript printer. 

The "Disabled" button causes there is no printer output in Jana98 and the Print button is always disabled. 

Figure 26
The printer settings for the PC version of Jana98. 
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2.2  XE "Datred" \b Program Datred  

Input: diffractometer output file, [m95],[m94]
Output: m95,m94
M50 control keywords: none

2.2.1 The Description of Datred 

Figure 27
 XE "Datred:main menu" Datred : The Main Menu 
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Datred (the Data Reduction Program) reads the diffractometer output file, makes the basic corrections (LP correction, correction for standard reflection decay and absorption correction) and creates the basic reflection file m95. It can also be used for  emulation of a precession photo and for point group tests and also for transforming of  unit cell parameters. 

If m95 already exists, Datred reads it instead of the diffractometer output and offers directly the data processing menu (see Figure 28, page B-14). Datred also creates the Header file of m95 called  m94 which contains information about orientation matrix, cell parameters and possible user transformations. It is used for transferring an information between Datred and prelim
DATRED can be used for both ordinary and modulated crystals. The higher dimensional indices are calculated from the setting diffractometer angles and orientation matrix
. For this purpose the program asks for the dimension of modulation which is zero for regular structures. Moreover, the information about the centring is required if the unit cell is not primitive.

The list of supported diffractometer types XE "diffractometer types"  is not a definite one. It can be extended by request of the users. 

The communication of Datred with other programs of Jana98 is elucidated in § 1.3.3, page A-38 and in Figure 17, page A-40. The basic reflection file m95 is described in § 2.2.7 page B-21. 

Figure 28
 XE "Datred:data processing menu" Datred: The data Processing Menu
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2.2.2 Correction For LP And Standard Reflection Decay 

 XE "Datred:LP correction" 

 XE "LP correction" \b

 XE "Corrections:LP correction" \b

 XE "Corrections:decay correction" \bThe LP correction is calculated according to standard correction formulae depending on used monochromator and the geometry of the diffractometer. 

For the correction for the standard reflection decay three methods are available (see Figure 29, page B-15):

· The  XE "Step-like method" step-like method uses just standard reflections before and after the relevant reflection and the correction is based on the linear approximation of their intensities.

· The  XE "Linear method" 

 XE "Exponential method" linear and exponential method uses all standard reflections measured during the data collection and calculates the linear or exponential correction curves. This function is then used for the correction.

Figure 29
 XE "Datred:decay correction" 

 XE "Decay correction" Datred: The Decay Correction Menu
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2.2.3 The Absorption Correction

 XE "Datred:absorption correction" 

 XE "Absorption" \b 

 XE "Corrections:absorption correction" \bThe absorption correction is offered for a spherical or cylindrical sample or for a general shape defined by the indices of the bounding crystal faces and their distance from arbitrary common point. 

Before calculating the absorption correction the program asks for the chemical formula and number of the formula units in the unit cell
. The chemical formulae can be entered in arbitrary case. Numbers must separate the symbols of chemical elements, see Figure 30 page B-15 for the example.

Figure 30
Datred:  XE "Datred:cell contents" 

 XE "Chemical formula" The Cell Contents Form
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The Absorption Correction for General Shape

The correction for the general shape is calculated by the Gaussian integration method XE "Gaussian integration method" . The accuracy of the absorption correction calculated with a default gaussian grid XE "Gaussian grid"  “10 10 10” is usually sufficient.

The crystal shape is defined in the Crystal shape form in terms of the face indices and their perpendicular distances from arbitrary common point inside the crystal. As there can be a lot of faces in the crystal, the completely filled form opens another "page" of crystal faces. It is not possible, however, to go back to the previous page of the form. 

Figure 31
The Crystal Shape Form

[image: image44.png]Face specification






Table 8
The Crystal Shape Menu Control
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· Click
· Changes the focus between text boxes

· Closes the form

· Double-click
· Not useful

· Click out of the window
· Not useful

· Mouse movement
· Not useful

· 
· Enter
· Selects OK button

· Double-Enter
· Selects OK button and closes the form. 
· Esc
· Cancels the form

· Arrows
· Move the insertion point inside the text box
· Tab
· Changes the focus between text boxes
· Alt-number
· Skips between the crystal faces (but it cannot skip between the pages of the form)

The program calculates and displays density XE "Density"  and absorption coefficient. All necessary constants are taken from the International Tables for Crystallography, Vol. (1992). 

The following wave lengths XE "Wave lengths"  are directly accessible in DATRED : 

Table 9
The wave lengths XE "Wave lengths"  are directly accessible in DATRED
radiation
wavelength(Å)

TiK(
2.7496

CrK(
2.291

FeK(
1.9374

CoK(
1.7905

CuK(
1.5418

MoK(
0.71073

AgK(
0.5609

2.2.4 The Simulation of the Precession Photo

datred calculates the simulation of the precession photo from m95. 

Figure 32
datred: The View Definition for the Precession Photo
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Figure 33
datred: The Simulation of the Precession Photo 
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2.2.5 The Point Group Test 

 XE "Datred:point group test" 

 XE "Point group test" This tool averages the measured reflections according to interactively chosen point group to prove the correct point symmetry. The  XE "Internal R factor" 

 XE "R internal" internal Rint value
 calculated for all and for observed reflections 

 can be used as a measure of validity of the point group. This averaging has just testing purpose and doesn’t reduce the number of reflections. The final averaging is made later in PRELIM. 

The resulting Rint for all and for observed reflections is reported in the message box together with the cell parameters calculated as an average from their values transformed by the symmetry operations of the point group in question. 

If the user accepts some point group the unit cell parameters are changed from generally triclinic form to the accepted one. There is still possibility, however, to return back to the original ones. 

Figure 34
Datred: The Point Group Test Results
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2.2.6 Cell Transformations 

 XE "Datred:cell transformation" 

 XE "Cell transformation" 

 XE "Transformations:cell transformation by Datred" The item “Cell transformation” of the Data processing menu offers several types of the unit cell transformation. The transformation matrix is defined by the following equation:
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Figure 35
Datred:  XE "Datred:cell transformation menu" The Cell Transformation Menu
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The transformed cell parameters are shown in the small window at the top of the Cell transformation menu. The last transformation can be cancelled by “One step back” item of the menu. The point “Return to the cell from data collection” cancels all transformations. If the transformation is accepted all subsequent operations are performed with the transformed cell and with transformed indices.

The point “Transformation by matrix “ opens  form for entering of the matrix which accepts numbers and rational fractions typed in the form a/b, for instance 1/7. 

The transformation to the doubled unit cell offers all possible doubled cells in order to easily recognise proper centring if it was omitted during the data collection. 

Figure 36
Datred:  XE "Transformations:to double cell by Datred" Transformation to Doubled Cell
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The Basic Reflection File m95 

 XE "Basic reflection file" \b 

 XE "M95" \b The basic reflection file m95 contains all reflections from the measurement and their LP and absorption correction coefficients. It is usually created by datred from the diffractometer output file. The m95 can also be created by prelim  by importing of the reflection file of different system (SHELX etc.). See § 1.3.3 page A-38 and Figure 17, page A-40 for more information about m95. 

Figure 37
datred: The Basic reflection File m95 

    -1   3   0   0   7.95   7.54   7.59   7.46   8253.2     32.2     0.028 1 1

   0.100000E+01   0.100000E+01  0.0000  0.0000  0.0000  0.0000  0.0000  0.0000  0.0000

    -2   0   3   0  68.07   2.47   7.53   7.46   7538.2     30.8     0.041 1 1

   0.100000E+01   0.100000E+01  0.0000  0.0000  0.0000  0.0000  0.0000  0.0000  0.0000

    -3   3  -3  -2 -45.24 -48.54  12.77  12.74   1221.2     12.7     0.055 1 1

   0.100000E+01   0.100000E+01  0.0000  0.0000  0.0000  0.0000  0.0000  0.0000  0.0000

     4   1  -5  -6 -80.47 -69.33  34.79  34.79      3.7      1.8     0.089 1 1

   0.100000E+01   0.100000E+01  0.0018  0.0000  0.0000  0.0000  0.0000  0.0000  0.0000

     5   2  -5  -6 -68.51 -68.60  34.56  34.56     -1.6      2.6     0.104 1 1

   0.100000E+01   0.100000E+01  0.0018  0.0000  0.0000  0.0000  0.0000  0.0000  0.0000

     6   3  -5  -6 -57.63 -67.08  34.56  34.56      1.8      2.6     0.119 1 1

   0.100000E+01   0.100000E+01  0.0019  0.0000  0.0000  0.0000  0.0000  0.0000  0.0000

     7   4  -5  -6 -48.32 -64.93  34.79  34.79      6.4      1.8     0.153 1 1

   0.100000E+01   0.100000E+01  0.0019  0.0000  0.0000  0.0000  0.0000  0.0000  0.0000

     8   5  -4  -6 -31.50 -63.20  34.79  34.79     -0.6      2.8     0.168 1 1

   0.100000E+01   0.100000E+01  0.0018  0.0000  0.0000  0.0000  0.0000  0.0000  0.0000





             (((     (((((((((((
 XE "Setting angles" 

 XE "Exposition time" 

 XE "Direction cosines" 

 XE "Lp correction" 

 XE "Absorption coefficients" 4   1  -5  -6 -80.47 -69.33  34.79  34.79      3.7      1.8     0.089 1 1

   0.100000E+01   0.139641E+01  0.0000  0.0000  0.0000  0.0000  0.0000  0.0000  0.0000

                       ((((((((   ((((((((
        



A Part

B Part

C Part

2.3  XE "Prelim" \b Program Prelim 

Input: m94,m95 or foreign reflection file (SHELX etc.), [m50]
Output: m50,m91,[m95],pre

M50 control keywords: none

2.3.1 The Description of prelim 

Figure 38
PRELIM: The Main Menu 
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Prelim prepares interactively the crystal information file m50 and creates the refinement reflection file m91. The crystal information already prepared by Datred is read by PRELIM from the m94. If m50 already exists, Prelim reads old crystal information and enables its editing. m91 is created from the basic reflection file m95 by (optional) averaging of the reflections by the used symmetry and by deleting of systematically absent reflections. If m95 doesn't exist, it should be created by "import" tool of the main menu.

 XE "Prelim:status line" 

 XE "Status line of Prelim" The status line of Prelim shows several flags indicating if the corresponding information is known. For instance the flag “Cell -“ indicates that the information listed in the Cell form of Prelim is incomplete or unknown. Prelim doesn’t allow to write the results to the m50 file before all the flags on the status line are set to “+”. The flags are not independent - for instance if the Cell information is edited, the flag “Symmetry” is automatically set to “-“. 

The flag “Change” has a special meaning - it shows whether the basic crystal information has been modified.

The communication of prelim with other programs of Jana98 is elucidated in § 1.3.3 page A-38 and in Figure 17, page A-40. The refinement reflection file m91 is described in § 2.3.9 page C-11, the description of the basic crystal information file m50 is in § 2.3.8 page C-8.

2.3.2 The  XE "Prelim:cell form" Cell Form

 XE "Cell form of Prelim" The “Cell” item of the main menu opens the form which defines the unit cell parameters of ordinary or modulated structure. Once the dimension of the structure is entered the  Prelim functions are set to the standard or modulated mode. 

Figure 39
prelim: The Cell Form
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2.3.3 The Symmetry Form

 XE "Prelim:symmetry form" 

 XE "Symmetry:symmetry form of Prelim" The “Symmetry” item of the main menu opens the form for entering of the (super)space group symbol. Each symbol is checked for correctness, the necessary generators are decoded from the symbol and checked for consistency. 

Figure 40
prelim: The Symmetry Form
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The  (super)space group symbols

 XE "Symmetry:(super)space group symbols" The  (super)space group symbols can be entered  either in the short form or as Hall’s symbols (Hall(1981)). In both cases they are coded in one line form following these rules:

· The coding is case insensitive (P1 is the same as p1)

· The bar over a character is coded as minus  (P

 is coded as P-1)

· Super and subscripts are not distinguished  (P21/c is coded as P21/c)

· Generators of the Hall’s symbols are separated by semicolons (P

c

c is coded as P-6c;-2c)

Four-dimensional superspace groups

The symbol of a four-dimensional superspace group can be expressed in both Hall’s notation and the international notation. The , and  are coded as alpha, beta, gamma and can be arbitrarily abbreviated to the shortest form a, b, g.
Example: 
W:Pban:qq-1    or   Pban(1/21/2gamma)qq
The same superspace group can be expressed using Hall’s notation.
Example:
W:-p-2xb;-2ya:qq or -p-2xb;-2ya(1/21/2gamma)qq
Permutation of basic vectors 
 XE "Symmetry:permutation of basic vectors" For the monoclinic and orthorhombic crystal systems prelim enables all possible permutations of the basic vectors a, b, c. The sequence of the irrational components of the modulation vector is therefore not necessarily (0) or (00) as used by De Wolff, Janssen & Janner(1981) .
Non-standard centring 
 XE "Symmetry:non-standard centring" Prelim enables non-standard centring of the unit cell, which is useful if the q vector has a non-standard form. If the centring symbol of the basic space group entered in the Symmetry form is “X”, Prelim opens a form for the centring vectors, which should be filled by the user. The non-standard centring vectors will appear in the 1st part of m50 (see § 2.3.8 page C-8). 
 XE "Symmetry:transformation of qr." 

 XE "Transformations:transformation of qr." Transformation of qr
Prelim checks the consistency between the rational part of the q vector entered in the Cell form and the one following from the superspace group symbol. If the qr in the Cell form is zero and the following one from the superspace group symbol is not zero the transformation of the superspace group is made to get qr = (0,0,0). 

 XE "Symmetry:3d+2 and 3d+3 symmetry" 3d+2 and 3d+3 symmetry

In this case the user enters to the symmetry form only 3d space group symbol. Then Prelim opens a form for submitting of the remaining information. 

2.3.4 The Form for Atoms

The Atoms form is used for preparing information about chemical formula, wavelength and atomic form factors. The chemical formula is case insensitive; the numbers are used as delimiters of the chemical elements. The atomic form factors can be prepared from built-in table or from analytical expression. If the Neutrons check box is selected, the atomic form tables are prepared and written to the m50 but they are not used. The program uses the corresponding number for neutron instead, which is also always written in m50. 

Figure 41
prelim: The Atoms Form
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2.3.5 The Import Menu

 XE "Prelim:import menu" 

 XE "Merging data of several measurements" 

 XE "Jana94 reflection file" 

 XE "Jana93 reflection file" 

 XE "SHELX:importing reflection file" 

 XE "STOE:importing IP STOE reflection file" 

 XE "Importing reflection files" The “import” item of Prelim main menu is usually used if the basic reflection file m95 was not prepared by Datred. Prelim reads the reflection file of different system and creates the basic reflection file m95, which can be used not only for the creation of the refinement reflection file m91 but also for those utilities of Datred which don’t need orientation matrix or other diffractometer specific information. The Import can be also used for merging data of several measurements (See § 1.3.3 page A-39 for more information).

Figure 42
prelim: The Import Menu
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In addition Prelim offers also general input format defined by the user according to the FORTRAN conventions. 

The following figure shows the import form for some import format. The form cannot be opened before the cell and symmetry information is filled because the number of indices entered by the user is compared with the dimension of the structure. If the number of indices is less than the dimension of the structure, the  XE "Transformations:from supercell to superspace" transformation from a supercell to a super space is offered. 

 XE "Scale:scaling data sets in m91" \b The scale factor number is a reference to the scale parameter, which can be refined by Refine for the imported group of reflections. The  XE "Transformations:indices of reflection file" “transform input indices” check box is useful if the import utility is used to join several sets of reflections measured in various cells.  

Figure 43
prelim:  XE "Prelim:import form" The Import Form
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2.3.6 The  XE "Prelim:twin option" Twin Option

 XE "Twins:twin option of Prelim" The Cell form (§ 2.3.2 page C-2) is used for definition of twinning. The maximal number of twin domains is 6. Then the user should open the “Twinning matrices” form and define the relations between single twin domains. 

Note:  XE "Twins:twinning matrix" 

 XE "Prelim:twinning matrix form" The twinning matrices should correspond to the hkl indices defined as row vectors.  

Figure 44
prelim: The Twinning Matrix Form
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The refinement techniques used for various types of twins are discussed in more details in § 2.4.6 page D-18. This topic, however, is NOT completely described in this manual, as some branches of the program dealing with complicated types of twinning in modulated crystals have not been thoroughly tested.  Examples of twinned structures will be available in the Jana98 cookbook. 

2.3.7 The Commensurate Option

This form is used for setting of the commensurate options. It is related to the last point of the editm40 main menu, which can transform the commensurate structure to the supercell. The topic of the commensurate structures will be later described in the Jana98 cookbook (page M-1). 

Figure 45
prelim: The Commensurate Options
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The Basic Crystal Information File m50 

The first part of the file contains information about cell parameters, symmetry operators, form factor tables etc. It is created interactively by PRELIM. It is NOT recommended to edit the first part of m50 “by hand”. Prelim provides safe and easy-to-use tools for editing of m50 and makes all consequent changes (for instance creates new m91 and calculates new limits for R statistics, which is printed into the refinement listing if the symmetry was changed). 

The information in the first part of m50 is coded as keywords followed by numbers in free format. The order of the keywords is not significant. 

The user can prepare the second part of m50 by any text editor. It contains control commands for single programs of Jana98, which will be explained in the chapters concerning the relevant programs. Following rules exist for the creation of the command part of m50:

· The command section for a specific program starts with the program name and ends with the keyword end.

· The command consists of a keyword followed by one ore more numerical values written in a free format. 

· Several commands on one line are permitted.

· The length of the command line is limited to 80 characters.

· The commands are case insensitive and their order inside the section is arbitrary. 

· The keywords can be shortened as long as they are unique. 

· The line starting with “*” or the rest of the line following “!” is regarded as a comment. 

· The commands between the end keyword and a start of next command section are not interpreted

Figure 46
The Basic Crystal Information File m50  - Part I



(The user should not edit this part)

title Testa

cell 4.818 16.001 6.374 90 99.36 90

lambda 0.5609

esdcell 0 0 0 0 0 0

ndim 4

ncomp 1

qi 0.8607 0 0.5585

qr 0 0 0

spgroup C2/c(alfa0gamma)   0

lattice C

centro

symmetry      x1     x2     x3     x4

symmetry     -x1     x2 1/2-x3    -x4

unitsnumb 4

atom As

atweight 74.922 dmax 3 formula 1

f' 0.276 f" 1.331

fneutron 6.58

formtab 56

   32.983   32.278   30.491   28.301   26.218   24.386   22.739   21.196

   19.722   18.313   16.976   15.717   14.540   13.451   12.454   11.552

   10.744   10.030    9.403    8.858    8.386    7.978    7.626    7.320

    7.053    6.817    6.606    6.415    6.239    6.076    5.922    5.774

    5.633    5.497    5.364    5.235    5.109    4.986    4.867    4.750

    4.637    4.527    4.420    4.317    4.217    4.120    4.027    3.938

    3.852    3.770    3.692    3.617    3.545    3.477    3.412    3.351

atom K 

atweight 39.098 dmax 3 formula 1

f' 0.14 f" 0.156

fneutron 3.71

formtab 56

   18.999   18.206   16.732   15.244   13.726   12.269   10.980    9.909

    9.057    8.398    7.888    7.480    7.134    6.823    6.528    6.241

    5.956    5.674    5.395    5.120    4.851    4.589    4.336    4.093

    3.861    3.640    3.431    3.235    3.052    2.882    2.724    2.579

    2.446    2.325    2.215    2.116    2.027    1.948    1.877    1.814

    1.758    1.710    1.667    1.630    1.598    1.570    1.546    1.526

    1.509    1.494    1.481    1.471    1.462    1.455    1.449    1.444

atom F 

atweight 18.998 dmax 3 formula 4

f' 0.01 f" 0.006

fneutron 5.654

formtab 56

    8.999    8.815    8.303    7.561    6.709    5.851    5.054    4.353

    3.760    3.270    2.873    2.558    2.309    2.112    1.957    1.834

    1.735    1.654    1.587    1.531    1.482    1.438    1.398    1.360

    1.324    1.289    1.255    1.221    1.187    1.153    1.120    1.087

    1.054    1.022    0.990    0.959    0.928    0.897    0.868    0.839

    0.811    0.783    0.756    0.731    0.705    0.681    0.658    0.636

    0.614    0.593    0.574    0.555    0.537    0.519    0.503    0.488

. . . . 

noofref 4351

slimits 0.362376 0.453337 0.520215 0.574811 0.622404 0.665116 0.712413 0.91344

flimits 43.2 70 119.9 188 311 544.6 1136.6 56184.4

end

*******************************************************************************

Table 10
The Keywords in the First Part of m50 

atom 
introduces atom 

atweight
atomic weight

cell
cell parameters (Å and °)

centro
indicates centrosymmetric structure

dmax
maximal limit (Å) for calculation of distances

esdcell
e.s.d's of cell parameters

f'
anomalous dispersion term

f"
anomalous dispersion term

flimits
reflection groups sorted by F for the R statistics (see page D-24)

fneutron
scattering length for neutrons

formtab
atomic form factors (number of items followed by the table)

formula
number of the atom in the formula unit

lambda
wave length (negative number for neutrons)

lattice
cell centring symbol

ncomp
number of composite parts (1 for non-composite structure)

ndim
number of dimensions (3 for non-modulated structure)

noofref
number of reflections in m91 

qi
irrational part of the q vector

qr
rational part of the q vector

slimits
reflection groups sorted by sin(/ for the R statistics (see page D-24)

spgroup
space group symbol and number

symmetry
symmetry card

title
title

unitsnumb
number of chemical units in the unit cell

Figure 47
The Basic Crystal Information File m50  - Part II

refine



start of the section for Refine 
first sample



title
cycles 3



control commands
iext 1 itypex 1 idistr 2

control commands
restric o1* 1


control commands
end




end of the section for Refine
xxxxxxxxxxxxxxx


not interpreted





not interpreted 

xxxxxxxxxxxxxxx


not interpreted

fourier



start of the section for fourier





title (missing)
mapt 2



control commands
* center na2



comment (starts with *)
scope 0 1 0
! This is a comment
control commands + comment (starts with !)
or 2413



control commands
x4lim 0 1 0.05


control commands
end




end of the section for fourier
refine 



second occurrence of the Refine  head ignored 
cycles 18 damp 0.25

end

Creation of the Refinement Reflection File

Once the changes in prelim are ready the user should start the point "Creation of the refinement reflection file" in order to have the changes reflected to the refinement reflection file m91. The user is recommended not to forget this step as Jana98 does not perform any check of compatibility between the basic crystal information prepared by prelim and the current version of m91. 

The creation of m91 should be started also after importing of foreign reflection file, because the files are imported to the m95 format and not directly to the m91. 

These are the basic steps during creation of m91:

· prelim  asks for the observability limits which will be used for . This limit is not used by refine. 

· prelim  reads the reflections from m95. 

· prelim offers possibility to rescale the intensities

· prelim prints summary of the reflection read from m95 and summary of systematically extinct reflections  (see Figure 48, page C-11)

· prelim opens the Averaging form (see Figure 49, page C-12). When it is completed, it starts the averaging.

· prelim prints the final summary (see Figure 50, page C-13). The internal factor Rint can be used as a measure if the symmetry used for the averaging is correct. 

Figure 48
The Summary of the Reflections Read from m95 
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The R factor calculated from e.s.d's can be expressed as
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Figure 49
The Averaging Form
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The detailed information about averaging is printed to the listing of prelim (see page C-15). If the Full print check box is selected, each reflection in m91 has its equivalents printed in the listing. The resulting file, however, is usually too big so that the default printout is restricted to the groups of equivalent reflections containing deviations from the average intensity greater then sigma multiplied by 5. 

The culling procedure is useful if there are reflections in the symmetrically equivalent group with intensities considerably different from the average one. If the "Apply culling" check box is selected prelim finds the most devious reflection of the group and discards it if its deviations is greater then the limit chosen in the form. Then prelim calculates new average intensity and repeats the culling procedure. 

At the bottom of the form there are three methods available for calculation of new sigma of the average intensity. The Poisson method is based on the Poisson distribution and takes into account the e.s.d's of the individual known from the measurement. The second method calculates new sigma's independently on the measured ones. The third method calculates both types of the sigma and takes the bigger one. 

Figure 50
The Final Summary After Averaging
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The  XE "R internal" \b

 XE "Internal R factor" \binternal R factor is defined as
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where i runs over all independent reflections and j over all equivalent reflections corresponding to the i-th independent reflection. Note that j need not be the same for all independent reflections.

The Refinement Reflection File m91  

The file m91 contains the  reflections used for the refinement. It is created by Prelim from the basic reflection file m95 by deleting systematically absent reflections and (optionally) by averaging of the reflections according to the used symmetry. See § 1.3.3, page A-38 and Figure 17, page A-40 for another information about m95.


Figure 51
The Refinement Reflection File m91 



     (((((                              (((
   2   0   0  -1     36.0      5.8 1 0 1  0.0190

   2   0   0   0   8038.9    185.1 1 0 1  0.0184

   2   0   0   1    119.9     10.2 1 0 1  0.0181

   2   0   0   2    112.1     11.9 1 0 1  0.0178

   4   0   0  -2     10.9      6.9 1 0 1  0.0186

   4   0   0  -1     79.6      9.2 1 0 1  0.0187

   4   0   0   0  13725.6    275.1 1 0 1  0.0185

   4   0   0   1     20.0     10.0 1 0 1  0.0183

   4   0   0   2     16.1     12.5 1 0 1  0.0181

   6   0   0  -2     52.3     11.8 1 0 1  0.0183

   6   0   0  -1     -0.8     10.9 1 0 1  0.0182

   6   0   0   0   2016.9     96.0 1 0 1  0.0181

   6   0   0   1     69.4     19.1 1 0 1  0.0181

   6   0   0   2     17.3     20.2 1 0 1  0.0180

   1   1   0  -2     14.0      3.7 1 0 1  0.0172

   1   1   0  -1     70.1      3.1 1 0 1  0.0171

   1   1   0   0   7118.5     91.2 1 0 1  0.0173

   1   1   0   1    234.3      8.4 1 0 1  0.0177

   1   1   0   2     10.8      4.8 1 0 1  0.0180

   3   1   0  -2      3.6      3.4 1 0 1  0.0181

   3   1   0  -1    119.1      6.5 1 0 1  0.0183

   3   1   0   0    465.8     16.9 1 0 1  0.0181

      . . . . . . . . . . . . . . . . . . . . . 

  -1   5  11  -2    -15.2     11.7 1 0 1  0.0173

  -2   6  11  -2     51.9     14.0 1 0 1  0.0173

   0   6  11  -2     85.6     14.1 1 0 1  0.0176

  -1   7  11  -2     39.5     13.6 1 0 1  0.0175

 999

2.3.8 The Prelim Listing 

Prelim creates listing .pre containing information about creating m50 and m91. It is a wide FORTRAN listing - see 1.2.5, page A-32 for the information how to print it. 

Figure 52
The Prelim Listing

Report from the PRELIM program                                                                                          page =  1

structure : Testa                                                                                               12:51:51 02/26/97 

Centrosymmetric super-space group : C2/c(alfa0gamma)

Wave length :   0.56090

Cell parameters        :    4.8180  16.0010   6.3740    90.00    99.36    90.00    Volume :      484.8

Modulation vector q(1) :   0.86070  0.00000  0.55850

List of centring vectors :

  0.000000  0.000000  0.000000  0.000000

  0.500000  0.500000  0.000000  0.000000

Symmetry operators :

    x1     x2     x3     x4

   -x1     x2 1/2-x3    -x4

Atomic scattering tables :

As    1.000    0.276    1.331        32.983   32.278   30.491   28.301   26.218   24.386   22.739   21.196

                                     19.722   18.313   16.976   15.717   14.540   13.451   12.454   11.552

                                     10.744   10.030    9.403    8.858    8.386    7.978    7.626    7.320

                                      7.053    6.817    6.606    6.415    6.239    6.076    5.922    5.774

K     1.000    0.140    0.156        18.999   18.206   16.732   15.244   13.726   12.269   10.980    9.909

                                      9.057    8.398    7.888    7.480    7.134    6.823    6.528    6.241

                                      5.956    5.674    5.395    5.120    4.851    4.589    4.336    4.093

                                      3.861    3.640    3.431    3.235    3.052    2.882    2.724    2.579

. . . . . . . . 
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Summary from the exporting to JANA98 - before averaging

                 h(min) =   -7,h(max) =    7                                    

                 k(min) =    0,k(max) =   24                                    

                 l(min) =  -11,l(max) =   11                                    

                 m(min) =   -2,m(max) =    2                                    

                                                                                         

Exported 8555 reflections, 4860 observed ones                                   

R-factor from e.s.d. of I(obs) :  5.49 for all reflections                      

                                  4.31 for observed reflections                 

List of reflections absent due to systematic extinctions

   h   k   l   m        I   sig(I)    I/sig(I)             h   k   l   m        I   sig(I)    I/sig(I)

   0   0  -1   2      0.45     5.15     0.09               0   0   1   0    -29.36     9.43    -3.11  

   0   0   3  -2     11.21     4.80     2.33               0   0   3  -1      8.67     4.95     1.75  

   0   0   1   1     -9.19     4.59    -2.00               0   0   1   2      6.85     5.55     1.24  

. . . . . . . . 
   6   0  -3  -1     -7.60    10.97    -0.69               6   0  -5   1    -19.63    15.95    -1.23  

   6   0  -7   2     43.98    19.71     2.23               6   0  -5   0    -89.23     9.79    -9.11  

   6   0  -3  -2     20.72    10.36     2.00               6   0  -5  -1     30.52    13.78     2.21  

Summary of exctinctions :

Overall           n(all) : 135 n(obs) :   5 average(I/Sig(I)) :  0.01

The strongest reflections contradicting to extinction rules

         h   k   l   m       I     sig(I)   I/sig(I)                            

         2   0  -3   2   1917.03    95.20    20.14                              

         0   0   9  -1    218.95    47.30     4.63                              

         6   0   1   2     84.34    22.59     3.73                              

         4   0   3   0     68.31    11.85     5.76                              

         0   0   7  -1     29.37     9.56     3.07                              

Report from averaging reflections

Only reflections |I-I(ave)|>  5.0*sig(I) will be printed

Symbol *    means that for this reflection  3*sig<|i(k)-i|< 5*sig

Symbol **   means that for this reflection  5*sig<|i(k)-i|<10*sig

Symbol ***  means that for this reflection 10*sig<|i(k)-i|<20*sig

Symbol **** means that for this reflection 20*sig<|i(k)-i
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   h   k   l   m          I        sig(I)      h   k   l   m          I        sig(I)      h   k   l   m          I        sig(I)

>>>1   3   0   0      16783.        148.                                                  -1   5  -3   0       8197.        183.**  

  -1   3   0   0      18300.        243.**  >>>2  10   1   0       6155.        130.                                                

   1   3   0   0      15878.        188.*     -2  10  -1   0       7429.        202.**  >>>1   5   3   1       1349.         49.    

                                               2  10   1   0       5265.        169.**    -1   5  -3  -1       1912.         93.**  

>>>1   7   0   0      25229.        241.                                                   1   5   3   1       1128.         58.*   

  -1   7   0   0      28072.        357.**  >>>4  10   1   0       3083.        104.                                                

   1   7   0   0      22824.        328.**    -4  10  -1   0       3978.        172.**  >>>0   6   3   0       4726.        100.    

                                               4  10   1   0       2557.        132.*      0   6   3   0       4100.        135.*   

>>>2   8   0   0      15478.        199.                                                   0   6  -3   0       5508.        150.**  

   2   8   0   0      14117.        253.**  >>>2  12   1   0        796.         29.                                                

  -2   8   0   0      17696.        323.**    -2  12  -1   0       1163.         57.**  >>>1   7   3   0       5897.        121.    

                                               2  12   1   0        664.         34.*     -1   7  -3   0       7115.        186.**  

>>>1  11   0   0      13018.        183.                                                   1   7   3   0       4999.        159.**  

   1  11   0   0      11489.        247.**  >>>4  14   1   0        937.         32.                                                

  -1  11   0   0      14869.        271.**    -4  14  -1   0       1284.         64.**  >>>1   9   3   1        444.         17.    

                                               4  14   1   0        819.         38.*      1   9   3   1        364.         21.*   

>>>3  11   0   0       2152.         77.                                                  -1   9  -3  -1        595.         29.**  

  -3  11   0   0       2947.        139.**  >>>3  17   1   2        -80.          8.                                                

   3  11   0   0       1801.         92.*      3  17   1   2          3.         16.**  >>>2  10   3   0        930.         32.    

                                              -3  17  -1  -2       -108.          9.*     -2  10  -3   0       1299.         60.**  

>>>1   1   1   0      17830.        153.                                                   2  10   3   0        785.         38.*   

   1   1   1   0      15043.        219.*** >>>1   1   2   0       3279.         70.                                                

  -1   1  -1   0      20496.        214.***    1   1   2   0       2595.         90.**  >>>4  10   3  -1        898.         30.    

                                              -1   1  -2   0       4307.        110.**     4  10   3  -1        787.         35.*   

>>>0   2   1   0      23878.        165.                                                  -4  10  -3   1       1220.         59.**  

   0   2   1   0      22347.        220.**  >>>2   4   2   0      17779.        207.                                                

   0   2  -1   0      25876.        251.**     2   4   2   0      15645.        296.**  >>>4  10   3   0       1246.         41.    

                                              -2   4  -2   0      19804.        289.**    -4  10  -3   0       1659.         77.**  

. . . . . . . . 
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structure : Testa                                                                                               12:51:51 02/26/97 

Summary from the exporting to JANA98 - after averaging

Rint (obs/all) =   9.43/ 10.60                                                  

                 h(min) =   -7,h(max) =    7                                    

                 k(min) =    0,k(max) =   24                                    

                 l(min) =    0,l(max) =   11                                    

                 m(min) =   -2,m(max) =    2                                    

Exported 4351 reflections, 2725 observed ones                                   

R-factor from e.s.d. of I(obs) :  3.87 for all reflections                      

                                  3.17 for observed reflections                 

A Part

B Part

C Part

D Part

2.4 Program Refine 

Input: m50,m91,[m40]
Output: m40,m80,ref

M50 control keywords: the section between the keywords refine and end
2.4.1 The Description of Refine 

Figure 53
The Basic Window of Refine 
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refine  refines parameters of a structure according to the refinement keys in m40 and refinement control commands in m50. The set of the reflections for the refinement is read from the refinement reflection file m91.The observability level
 for these reflection is controlled by the refinement command siglevel (page D-13). 

The structure factor can be calculated by three different methods: Bessel functions expansion, Gaussian or FFT integration.  Composite crystals are calculated according to the general approach (Van Smaalen,1991). For ordinary structures it allows to describe anharmonic effects up to six order Gram-Charlier expansion. The symmetry restrictions of refined parameters are calculated automatically. Some options can be changed dynamically during the refinement.
The Minimised Functions

The default minimised function is
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The refinement command fsquare (see Table 13 page D-8) sets refinement on the squares of structure factors. The minimised function is then 
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The Description of the Refinement Process

1. Refine reads the basic crystal information file m50 and the refinement parameter file m40. The original m40 is saved as the s40 file. 

2. Refine interprets the refinement commands from m50 file (see Table 12 page D-7 for the list of the refinement commands). It applies the symmetry restrictions and user defined restrictions to the structure parameters and the refinement keys. Then it writes the restricted parameters and sets refinement keys in m40. 

3. Refine starts the first refinement cycle. It reads reflections from the refinement reflection file m91, selects the reflections used for the refinement according the “reflection commands” in m50 (see Table 13 page D-13) and builds the normal matrix. In case of twins and the “almost” commensurate structures the tests for the overlapping reflections described in the § 2.4.6 page D-18 are executed. The results of the refinement are written into m40 after each refinement cycle. 

4. Refine calculates another refinement cycle. The number of the refinement cycles and also the damping factor (see the command damp, page  D-8) can be changed interactively during the run by the “Menu” button. 

5. Refine calculates the last cycle and creates the Fourier reflection file m80.
 The last cycle can also be calculated directly if the number of the refinement cycles is set to zero (see command cycles, page D-8). 

6. Refine calculates the final R statistics (see page D-24), combines the refinement listing
 ref from several scratch files and exits.

The modifications of the structure model used as the input for the refinement are usually made by program EditM40. It is described in chapter 2.5. page E-1 together with the refinement parameter file m40. The usage of Refine and EditM40 is interconnected and therefore  most of special refinement techniques  are described in the chapter 2.5.

The Interactive Options
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 button cancels the refinement at any - in this case, however, the refinement listing is incomplete and m80 is not created. 
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 button works more considerate - in this case Refine ends the current cycle, then calculates the last cycle, creates m80 and final R statistics , completes the listing from scratch files and exits.
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 button can be used for changing of the number of the cycles or of the damping factor. The new values are used by refine but they are not written to m50. 

Figure 54
The Refinement Options
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The Options Accessible from the Tools Menu

The Tools menu of the basic window of Jana98 contains two points closely related with refine:

· Recover m40 file  - see page B-7 for details

· Define refinement repeat - see page B-8 for details

2.4.2 The Refinement Keys

The refinement parameter file m40 contains the structural parameters together with their refinement keys. The parameter is refined only if its corresponding refinement key is set to n ( <1,9>. 

The refinement key equal to 1 means that the parameter will be refined in the first refinement block. There are 9 blocks available in Refine, but the refinement in separated blocks is NOT recommended. 

Refine automatically sets all the refinement keys except the occupational keys in accordance to the symmetry restrictions. The fixing of the origin is usually made automatically, too (see next paragraph for more information). The parameters can be fixed, i.e. prevented from the refinement, by commands fixed, restrict and equation written into m50. Another way how to fix parameters is to use the command autkeys 0 or autspec 0 
 which switch off the automatic setting of the refinement keys. Then the keys on m40 can be modified “by hand” and Refine will keep this setting. This method, however, is reserved to experienced users as the symmetry restrictions and the origin fixing are no longer made automatically. 

2.4.3 The Fixing of the Origin

For non-centrosymmetric (super)space groups the origin has to be fixed in some directions. For ordinary structures Refine  makes it automatically by fixing the relevant coordinates of the heaviest atom in the structure. 

Sometimes (for instance if the position of the heaviest atom is not fully occupied) it is useful to fix different atom by the command fixed pol (see page D-11 for more information).  

In case of 3+1 structures the 4th coordinate is NOT fixed automatically because the selection is not unambiguous. If the sign of the x4 is positive for all symmetry operators the user should fix one modulation parameter
 of some atom by means of the fixed x4 command (see page D-11 for its syntax). 

There is NO fixed x5 or fixed x6 command for the case of 3+2 and 3+3 structures. The origin fixing in x5 and x6 direction should be done by with help of the equation command (see page D-12 for its syntax). 

2.4.4 The Table of Parameters

Each structure parameter in m40 has its name used in control commands and in error messages of Refine. The names are also used in the description of m40 (see § 2.5.2 page E-8).  Following table gives comprehensive list of the parameter names. The order of the parameters is the same as in m40 file. 

Table 11
The Comprehensive List of the Parameter Names

Atomic parameters


scale parameters


scale1
scale2
scale3
scale4
scale5
scale6




extinction parameters


giso
rhoiso








g11
g22
g33
g12
g13
g23




rho11
rho22
rho33
rho12
rho13
rho23




occupation

ai









positional parameters

x
y
z







temperature parameters

U11
U22
U33
U12
U13
U23




beta11
beta22
beta33
beta12
beta13
beta23




anharmonic temperature parameters


C111
C112
C113
C122
C123
C133
C222
C223
C233

C333









D1111
D1112
D1113
D1122
D1123
D1133
D1222
D1223
D1233

D1333
D2222
D2223
D2233
D2333
D3333




E11111
E11112
E11113
E11122
E11123
E11133
E11222
E11223
E11233

E11333
E12222
E12223
E12233
E12333
E13333
E22222
E22223
E22233

E22333
E23333
E33333







F111111
F111112
F111113
F111122
F111123
F111133
F111222
F111223
F111233

F111333
F112222
F112223
F112233
F112333
F113333
F122222
F122223
F122233

F122333
F123333
F133333
F222222
F222223
F222233
F222333
F223333
F233333

F333333









occupational modulation parameters

o









osin1
ocos1








…
…








osin16
ocos16








Table 11 (Continued)

modulation positional parameter

xsin1
ysin1
zsin1
xcos1
ycos1
zcos1




…
…
…
…
…
…




xsin16
ysin16
zsin16
xcos16
ycos16
zcos16




modulation temperature parameters


U11sin1 Beta11sin1
U22sin1 Beta22sin1
U33sin1 Beta33sin1
U12sin1 Beta12sin1
U13sin1 Beta13sin1
U23sin1 Beta23sin1

U11cos1 Beta11cos1
U22cos1 Beta22cos1
U33cos1 Beta33cos1
U12cos1 Beta12cos1
U13cos1 Beta13cos1
U23cos1 Beta23cos1

…
…
…
…
…
…

U11sin16 Beta11sin16
U22sin16 Beta22sin16
U33sin16 Beta33sin16
U12sin16 Beta12sin16
U13sin16 Beta13sin16
U23sin16 Beta23sin16

U11cos16 Beta11cos16
U22cos16 Beta22cos16
U33cos16 Beta33cos16
U12cos16 Beta12cos16
U13cos16 Beta13cos16
U23cos16 Beta23cos16

phason parameter

phason









Molecular parameters


occupation

aimol









molecular position

phi
chi
psi
x-trans
y-trans
z-trans




temperature parameters

T11
T22
T33
T12
T13
T23




L11
L22
L33
L12
L13
L23




S11
S21
S31
S12
S22
S32
S13
S23
S33

modulation temperature parameters

om









omsin1
omcos1








…
…








omsin16
omcos16








modulation positional parameters

xtsin1
ytsin1
ztsin1
xtcos1
ytcos1
ztcos1




xrsin1
yrsin1
zrsin1
xrcos1
yrcos1
zrcos1




…
…
…
…
…
…




xtsin16
ytsin16
ztsin16
xtcos16
ytcos16
ztcos16




xrsin16
yrsin16
zrsin16
xrcos16
yrcos16
zrcos16




Table 11 (Continued)

modulation temperature parameters

T11sin1
T22sin1
T33sin1
T12sin1
T13sin1
T23sin1




T11cos1
T22cos1
T33cos1
T12cos1
T13cos1
T23cos1




L11sin1
L22sin1
L33sin1
L12sin1
L13sin1
L23sin1




L11cos1
L22cos1
L33cos1
L12cos1
L13cos1
L23cos1




S11sin1
S21sin1
S31sin1
S12sin1
S22sin1
S32sin1
S13sin1
S23sin1
S33sin1

S11cos1
S21cos1
S31cos1
S12cos1
S22cos1
S32cos1
S13cos1
S23cos1
S33cos1

…
…
…
…
…
…
…
…
…

T11sin16
T22sin16
T33sin16
T12sin16
T13sin16
T23sin16




T11cos16
T22cos16
T33cos16
T12cos16
T13cos16
T23cos16




L11sin16
L22sin16
L33sin16
L12sin16
L13sin16
L23sin16




L11cos16
L22cos16
L33cos16
L12cos16
L13cos16
L23cos16




S11sin16
S21sin16
S31sin16
S12sin16
S22sin16
S32sin16
S13sin16
S23sin16
S33sin16

S11cos16
S21cos16
S31cos16
S12cos16
S22cos16
S32cos16
S13cos16
S23cos16
S33cos16

phason parameter

phasonm









2.4.5 The Control Commands

The refinement is controlled by commands written by user to m50 file (see § 2.3.8 page C-8). The following table summarises all the user commands of Refine. 

Table 12
The Index of the Refinement Control Commands

Autkeys
D-8
Diff
D-18
Itypex
D-16
Selsat
D-14
Unstab
D-8

Autspec 
D-9
Dontuse
D-14
Method
D-18
Siglevel
D-13
Useunobs
D-13

Badref
D-15
Equation
D-12
Omdif   
D-17
Skipbad
D-14
Weight
D-8

Checkran
D-17
Fixed
D-11
Overlap
D-17
Skipflag
D-13
Yomax
D-13

Chidif
D-17
Fofc
D-16
Print
D-15
Snlmn
D-13
Yomin
D-13

Corr
D-15
Fsquare
D-8
Radius
D-16
Snlmx
D-13


Cycles
D-8
Grid 
D-18
Restric
D-9
Stat
D-15


Damp
D-8
Idistr
D-16
Scale
D-15
Thdif
D-17


Dfoftw
D-17
Iext
D-16
Selcomp
D-14
Uhmon
D-16


Table 13
The Table of the Refinement  Control Commands



(see Table 12 page D-7 for the index of the refinement commands)

BASIC CONTROL COMMANDS

name
description

CYCLES
Syntax:  cycle number
Default value:  cycle 1

Number of the refinement cycles. Can be changed interactively from the Refine menu. If number = 0, Refine calculates directly the last cycle.

DAMP

Syntax:  damp number
Default value:  damp 1

The damping factor multiplies all parameter changes after the refinement cycle. It can be changed interactively from the Refine menu.

WEIGHT
Syntax:  weight flag
Default value:  weight 0

Sets the weighting scheme

flag = 0
w = 1/( (2(Fobs) + (0.01 ( unstab ( Fobs)2 )


(unstab  can be set by the unstab command)

flag =1
unit weight 

flag =2
Cruickshank's weight :


w = 1/( 2(yomin + Fobs + 2(

/yomax )


(see yomin and yomax commands)

UNSTAB
Syntax:  unstab number
Default value:  unstab 0

Coefficient of unstability
 used for the calculation of weight (see the command weight)

FSQUARE
Syntax:  fsquare number
Default value:  fsquare 0

flag = 0

the refinement will be carried out on Fc and Fo
flag = 1 
the refinement on Fc2 and Fo2

RESTRICTIONS

name
description

AUTKEYS
Syntax:  autkeys flag
Default value:  autkeys 1

Key for the automatic setting of all refinement keys (see § 2.4.2 page D-4 for the explanation)

flag = 0

off

flag = 1 
on

Table 13 (continued)

(see Table 12 page D-7 for the index of the refinement commands)

AUTSPEC 
Syntax:  autspec flag
Default value:  autspec 1

Key for automatic setting of the refinement keys for the parameters of atoms in special positions. See § 2.4.2 page D-4. 

flag = 0

off

flag = 1 
on

If autkey is set to 1 and autspec is set to 0 in the same time, all refinement keys are initialized to “1” and the symmetry restrictions are not applied. 

RESTRIC
Syntax:  restric at1 flag  at2 at3 . . .
Default value:  none

Sets restrictions on coordinates, thermal, modulation and occupancy parameters for a group of atoms from the file m40. The type of the restriction is selected by the flag. The restricted parameters will be refined only for the atom at1 and kept the same at2, at3 …. If the atom at1 is missing, the restricted parameters will be refined for the first atom from the list on the right - see example at the end of this paragraph. 

The atom names can contain wildcards (see § 1.2.4 page A-31).

The priority of the restric command is lower then equation command. Thus the equation command overrides the restrictions set by restric regardless of the order of the commands in m50 file. 

If the flag is negative, the restriction is defined for two mutually exclusive atoms. This means that the occupation modulation waves of the atoms are complementary such that both atoms cannot exist in the same point of superspace. 
flag = 4
occupational sum

The sum of the occupancies in the group is held constant. 

flag = -4
complementary occupational waves (only for atom pairs)

o[at1]
 + o[at2] is constant

osin1[at2] = -osin1[at1]
. . . . . . 

osin16[at2] = -osin16[at1]

flag = 13
thermal parameters
The thermal parameters in the group are held equal.

flag = 3
occupational sum + thermal parameters

The sum of the occupancies in the group is held constant. The thermal parameters in the group are held equal.

flag = -3
complementary occupational waves + thermal parameters (only for pair of atoms)

Two atoms are mutually exclusive

Their thermal parameters are held equal.

Table 13 (continued)

(see Table 12 page D-7 for the index of the refinement commands)


flag = 12
thermal and modulation parameters
The thermal and modulation parameters within the group are held equal

flag =  2
occupational sum + thermal and modulation parameters
The sum of the occupancies within the group is held constant

The thermal and modulation parameters in the group are held equal

flag =  -2
complementary occupational waves + thermal and modu-lation parameters 

(only for pairs of atoms)

Two atoms are mutually exclusive

Their thermal and modulation parameters are held equal

flag = 11
positional, thermal and modulation parameters
The positional, thermal and modulation parameters in the group are held equal

flag = 1
occupational sum + positional, thermal and modulation



parameters
The sum of the occupancies in the group is held constant

The positional, thermal and modulation parameters in the group are held equal

flag = -1
complementary occupational waves + positional, thermal and modulation parameters 


(only for pairs of atoms)

Their positional, thermal and modulation parameters are held equal

Examples:  
restric Cu1 11 Ag1 al* C?  
(see § 1.2.4 page A-31 for 







atom names conventions)



restric h* 13
(In this example the atom at1 is 





missing so the restricted parameters





will be refined for the first atom of the list h*)

Table 13 (continued)

(see Table 12 page D-7 for the index of the refinement commands)

FIXED
Syntax: 
fixed flag at1 at2 . . .


fixed parameter[at] parameter[at] . . . 

Default value:  none

Key for fixing specific groups of parameters for the atoms at1, at2 …. The corresponding refinement keys of these atoms are set to zero so the  selected parameters are not refined. 

This command doesn’t work if the automatic setting of the refinement keys is disabled by the autkeys 0 command. (See § 2.4.2 page D-4 for more information about the refinement keys)

The atom names can contain wildcards (see § 1.2.4 page A-31).

flag = xyz
positional parameters

flag = all
all parameters

flag = beta

thermal parameters 

flag = u
thermal parameters

flag = mod
modulation parameters

flag = pol
fixing of the origin will be carried out by means of atom at1


(Example: fixed pol C12)

flag = x4
fixing of the origin in the x4 direction. The name of the atom is followed by the name of the fixed parameter.


(Example: fixed x4 C12 xsin1 … the origin in the x4 direction will be fixed by means of the xsin1 parameter of atom C12)

parameter[at]
is a name of the refined parameter for a specific atom at
Examples:  
fixed mod C1 c2 b*
(fixes modulation of specified






atoms)



fixed all *

(fixes all parameters for all atoms)


fixed scale6 x[Sn1] U12[Sn3] 
(fixes the 6th scale factor, x coordinate of the atom Sn1 and the U12 temperature parameter of the atom Sn3. The parameter scale6 has no reference to an atom as it is overall parameter. )
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EQUATION
Syntax:  
equation for atom at1 . . atn : parameter = expression

equation : parameter[at] = expression

(The colon must be separated by spaces)
Default value:  none

Enables to apply linear restrictions to the refined parameters. 

at1 . . . atn  
is a list of atoms from m40 for which the restriction will be applied. The names of the atoms are case insensitive. Wildcards are not permitted! 

parameter
is a name of the refined parameter (see Table 11 page D-5 for the list of parameter names)

parameter[at]
is a name of the refined parameter for a specific atom at
expression
linear expression composed from numbers, arithmetic signs “+”, “-“ ,“*” and names of the refined parameters. The parameters are introduced in the form parameter or parameter[at] dependent on the type of the equation. 

Examples:

equation for atoms cu1 cu2 Al3 : y = 0.2*x + 0.15

equation : ocos1[co2] = 0.0423 - 0.7*osin1[fe3]

equation : ocos1[co*] = 0.0423 - 0.7*osin1[fe3]


syntax error  (wildcards)

equation : ocos1[co2] = 0.0423 - 0.7*osin1


syntax error (mixed parameter and parameter[at])

equation for atoms cu1 cu2 Al3 : y = 0.2*x[c25] + 0.15 

syntax error (mixed parameter and parameter[at])
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INPUT REFLECTIONS

name
description

YOMIN
Syntax:  yomin number
Default value:  yomin 5

Minimum value of Fo used for the calculation of Cruickshank's weight

YOMAX
Syntax:  yomax number
Default value:  yomax 200

Minimum value of Fc used for the calculation of Cruickshank's weight

SIGLEVEL
Syntax:  siglevel number
Default value:  siglevel 3

The limit for observed reflections I/((I)

USEUNOBS
Syntax:  useunobs flag
Default value:  useunobs 1

Key for using of the unobserved reflections. The observability limit can be changed from the default value 3 by command siglevel.

flag = 0
the unobserved reflections are not used

flag = 1 
the unobserved reflections are used

SNLMN
Syntax:  snlmn number
Default value:  snlmn 0

Minimal value of sin(/( for acceptance of the reflection into the refinement

SNLMX
Syntax:  snlmx number
Default value:  snlmx 10

Maximal value of sin(/( for acceptance of the reflection into the refinement

SKIPFLAG
Syntax:  skipflag flag1 flag2 . . .
Default value:  none

The reflections with the user key = flag  will be skipped. See the example of m91 file, page C-14,  for the location of the user key. 
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SELSAT
Syntax:  selsat flag
Default value:  selsat -2

Selection key for including satellite reflections into the refinement. 

flag = -2
all reflections will be included

flag = -1 
only satellite reflections will be included

flag = 0 
only main reflections will be included

flag = n 
only reflections with the satellite index |m|=n will be included

SELCOMP
Syntax:  selcomp flag
Default value:  selcomp 0

Key for the selection of reflections for composite structures

flag = 0

selects all reflections 

flag = 1 
selects reflections of the 1st composite

flag = 2 
selects reflections of the  2nd composite

flag = 3 
selects reflections of the  3rd  composite

flag = 4 
selects reflections common to the 1st  and 2nd  composite

flag = 5 
selects reflections common to the 1st  and 3rd  composite

flag = 6 
selects reflections common to the 2nd   and 3rd  composite

flag = 7 
selects reflections common to all three composite parts

SKIPBAD
Syntax:  skipbad flag
Default value:  skipbad 0

Key for deleting of the not matching reflections from the refinement. The reflections with w1/2 |Fo-Fc| > limit will be deleted. The predefined value of limit is 3 and can be changed by the badref command. 

DONTUSE
Syntax:  dontuse group : condition  except  condition

(The colon must be separated by spaces)

Default value:  none

Defines the group of reflections which will not be used in the refinement. The group denotes a class of reflections for which the condition will be tested. The number of indices in the group  must be the same as the dimension of the superspace (hkl, hklm, hklmn, hklmnp). Some of the indices in the group can be zeroes. No other changes of the group  are permitted. The syntax of condition  is elucidated in the following examples.

Examples:

dontuse hklm : h-k+2l-m=5n+2

dontuse hklm : h-k+2l-m=5n+2 except h=2n

dontuse 00l : l=2n

dontuse hhl : h=2n  syntax error
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SCALE 
Syntax:  scale number for group : condition

(The colon must be separated by spaces)

Default value:  none

Sets individual scale factor
 for a group of reflections fulfilling the condition.. The number is used for the scale flag in the file m91 (see § 2.3.9 page C-11) The syntax for the group and condition is the same as for the dontuse key. 

Example: scale 5 for hklm : h=2n

OUTPUT

name
description

BADREF
Syntax:  badref number
Default value:  badref 3

Sets the limit for not-matching reflections. The reflections with  w1/2 |Fo-Fc| > number will be marked in the listing ref by #. (A proper combination of badref and print makes possible to limit the output of the not-matching reflections.)

PRINT
Syntax:  print flag
Default value:  print -2

Sets the key for the output of the information about structure factors to the listing ref. 

flag = -2 
only structure factors with w1/2|Fo-Fc| > limit will be printed in the last cycle of the refinement. The limit can be set by the badref command. 

flag = -1 
only structure factors with w1/2|Fo-Fc| > limit will be printed in the first and in the last cycle of the refinement 

flag = 0
no output

flag = 1 
all structure factors used in the refinement will be printed in the first and the last cycle of the refinement 

flag = 2 
all structure factors admitted for the refinement will be printed in the last cycle of the refinement 

CORR
Syntax:  corr number
Default value:  corr 0.9

The key for the printing of the correlations to the refinement listing. All correlations   larger than |number| will be printed

STAT
Syntax:  stat flag
Default value:  stat 1

key for the output of the R statistics to the refinement listing (See § 2.4.7, page D-22).

flag = 0 
 off

flag = 1 
 on
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FOFC
Syntax:  fofc flag
Default value:  fofc 0

Key for creating of the file  m93  with the Fo-Fc table for publication. 

flag = 0

off

flag = 1 
on

EXTINCTION 


name
description

IEXT

Syntax:  iext flag
Default value:  iext 0

Key of the extinction correction

flag = 0 
no extinction correction 

flag = 1 
isotropic extinction correction 

flag = 2
anisotropic extinction correction

ITYPE

Syntax:  itype flag
Default value:  itypext 1

The type of the extinction correction

flag = 1 
extinction type I 

flag = 2 
extinction type II 

flag = 3
general case (simultaneous refinement of both I and II)

IDISTRiii
Syntax:  idistr flag
Default value:  idistr 1

Key of the statistical distribution of the mosaic domains

flag = 1 
 Gaussian distribution

flag = 2 
 Lorentzian distribution

RADIUSiii
Syntax:  radius number
Default value:  radius 0.01

The radius of a spherical sample in  cm

UHMONiii
Syntax:  uhmon number
Default value:  uhmon 0

Angle (2() of the monochromator in degrees
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TESTING OF OVERLAPS

name
description

CHECKRAN 
Syntax:  
checkran number
(number of orientation matrices)

r11 r12 r13


r21 r22 r23


r31 r32 r33


….

Default value:  checkran 0

Key for the checking of overlaps. (see § 2.4.6 page D-18 for the explanation)

DFOFTW 
Syntax:  
dfoftw number

(Ndim values)

dfoftw number


….

Default value:  dfoftw 0.01
(Ndim values)


dfoftw 0.01


….

Key for testing of the overlaps for the meroedric or rational twins. (see § 2.4.6 page D-18 for the explanation)

OMDIF 

THDIF 

CHIDIF
Syntax:  
omdif  
number1  number2


thdif  
number1  number2 


chidif  
number1  number2
Default value:  
omdif 0.1 0.5


thdif 0.1 0.5


chidif 0.5 5.0

The limit for the testing of the random overlaps in degrees. (see § 2.4.6 page D-18 for the explanation)

OVERLAP 
Syntax:  
overlap
(Ndim x Ndim matrix and Ndim vector)


m11 m12 . . . m1n


m21 m22 . . . m2n


. . . . . . . . .


mn1 mn2 . . . mnn


v1  v2  . . . vn
Default value:  none

Key for testing of the overlaps in the “almost” commensurate structures. (see § 2.4.6 page D-18 for the explanation)
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CALCULATION METHODS for modulated structures

name
description

METHOD   
Syntax:  method flag
Default value:  method 1

Key for selection of the structure factors calculation method

flag = 0

Bessel functions

flag = 1 
Gaussian method

flag = 2 
Fast Fourier transform method

GRID 
Syntax:  grid number
Default value:  grid 32

The grid for the Gaussian method (see the command method)

DIFF
Syntax:  diff number
Default value:  diff 0.00001

The accuracy of calculation of Bessel functions (see the command method)

2.4.6 The Twins and Overlaps

This paragraph deals with twins from the point of view of the refinement. The complex description of this problem including data processing and preparation of the basic crystal information file m50  will be available later in the Jana98  cookbook. 
Main assumptions

Each twinned crystal should fulfil the following rules:

· the crystal is composed from several identical domains 

· each domain is a 3 dimensional crystal

· the domains are diffracting independently and their diffracted intensities are added

· effects of boundaries are negligible

Overlapping of the twin lattices

The lattice vectors of the domains forming a twinned crystal are related by a set of twinning operators 

:







        . . . . . . . . . . . . . . . 




The number m of independent vectors resulting from the transformations is important for classification of twins. The independent vectors define the common twin lattice. The twins can be divided to three basic groups:

· Completely overlapped twins having m=3

· Twins without overlapping
 having m=3n

· Twins with partial overlapping having m between 3 and 3n. 

complete overlapping     

       no overlapping
Classification of twins based on their twinning matrices

The representation of a twin operator is a twinning matrix
. Its type is important for the refinement as it implicitly defines which reflections of single twin domains overlaps. The twins can have three possible types of the twin matrices:

· Twins with integer twin matrix

· Twins with rational twin matrix

· Twins with irrational twin matrix

In the case of integer twin matrices the reflections of single twin domains fully overlaps and cannot be distinguished. The twins with rational twin matrices usually contain groups of fully overlapped and fully separated reflections. Partially overlapped reflections are also possible if the denominators of some numbers in the matrices are big. The twins with irrational twin matrices contain with high probability partially overlapped reflections. 

Refinement of completely overlapped twins

The refinement of twins with complete overlaps needs just the information about number of twin domains and twin matrices which are entered by Prelim  during creation of the basic reflection file m50. The structure factor in the case of the complete overlapping is calculated as 




where (i is a volume fraction of i-th domain and  Ti is matrix representation of i-th twinning operator. 

Refinement of partially overlapped twins

The reflections in the case of partially overlapped twins can be 

· fully separated 

· fully overlapped

· partially overlapped.

The fully overlapped reflections of all domains can be indexed in crystal reciprocal lattice of one of the domains. Separated reflections need special flag to specify to which domain they belong - the flag is entered during preparation of the m50 file by Prelim. 

The presence of the partially overlapped reflections is crucial for the strategy of the refinement. 

Refinement of twins with fully separated and fully overlapping reflections

The basic assumption is that there are no partially overlapped reflections. Thus the flag of the checkran command should be set to 0 in order not to make test of random overlapping. For each reflection  used in the refinement the expression

 

 ,

where hi1 is the i’th index of the reflection in the first twin domain and hij , j >1, is the index of the same reflection transformed to the basis of the j’th domain, is evaluated to distinguish only two following cases:

· If 

, the reflection fully overlaps with the j’th one

· If 

, the reflections are fully separated. 

The limiting value li is predefined as 0.01 and can be changed by the dfoftw   command (page D-17). 

Note: by defining of the li limits the decision can be made if the reflections of a twin with non-integer twinning matrices are fully or partially overlapping. If the li limits are set to such values that 

 is always less than li all reflections of the twin are treated as fully overlapped. 

Refinement of twins with partially overlaping reflections

The  twins with random overlaps are refined with the checkran flag set to 1. In this case the twinning matrices defined in Prelim cannot be used for the testing of the overlaps. The user should enter the orientation matrices
 of the single twin domains to the m50 file (see the checkran command, Table 13 page D-8). For each the following steps are performed:

· the setting angles 1,1,(1 and 1 are calculated from the corresponding orientation matrix  

· the indices of the reflection are transformed to the basis of other twin domain through the twinning matrix and rounded to the closest integer indices. 

· the setting angles 2=1,2,(2 and 2 are calculated for the transformed indices from the orientation matrix of the twin domain in question

· The differences 12(1 (212are calculated and used for the test: 

Overlapped reflection:
12chidif1 and (1 (2  < omdif1 and 12< thdif1

Discarded reflection:
12(<chidif1chidif2> or (1 (2 (< omdif1omdif2 > or 

12(< thdif1thdif2 >

Separated reflection:
12chidif1 and (1 (2  > and 12> thdif1

The predefined limiting values in degrees

chidif1
=
0.1
chidif2
=
5.0

thdif1
=
0.1
thdif1
=
0.5

omdif1
=
0.1
omdif1
=
0.5

can be changed by means of the command chidif, thdif and omdif. The values for chidif correspond to  = 10º. The testing for other values of  takes into account the broadening of  profiles. 

Note: the testing for random overlaps can be only used for data measured by the equi-inclination method. In other case you should contact the authors. 

Refinement “almost” commensurate structures
The twinning is not the only source of overlaps. Another type of overlapping occurs in incommensurate structures with q vector near to the commensurate one. If the satellites were measured to high order there is high probability of overlapping between the satellites of two neighbouring main reflections or between the satellites and main reflections. 

The command overlap (Table 13 page D-8) is used to define which reflections are overlapped. The user should enter one Ndim x Ndim matrix and one Ndim vector, (Ndim is the dimension of the superspace) which are used to the transformation between two overlapping reflections. 

Example for Ndim=4:





2.4.7 The Refinement Listing

refine creates listing ref containing information about the refinement. It is wide FORTRAN listing - see § 1.2.5 page A-32 for the information how to print it. 

Figure 55
The Refinement Listing

Refinement program                                                                                                      page =  1

structure : Testa                                                                                               12:51:54 28-Feb-97

The following lines were read as a control data :        

=>useunobs 0 snlmn 0.06<=                                                                                                          

=>unstab 3<=                                                                                                                       

=>cycles 5<=                                                                                                                       

=>end<=                                                                                                                            

Centrosymmetric super-space group : C2/c(alfa0gamma)

Wave length :   0.56090

Cell parameters        :    4.8180  16.0010   6.3740    90.00    99.36    90.00    Volume :      484.8

Modulation vector q(1) :   0.86070  0.00000  0.55850

List of centring vectors :

  0.000000  0.000000  0.000000  0.000000

  0.500000  0.500000  0.000000  0.000000

Symmetry operators :

    x1     x2     x3     x4

   -x1     x2 1/2-x3    -x4

Atomic scattering tables :

As    1.000    0.276    1.331        32.983   32.278   30.491   28.301   26.218   24.386   22.739   21.196

                                     19.722   18.313   16.976   15.717   14.540   13.451   12.454   11.552

                                     10.744   10.030    9.403    8.858    8.386    7.978    7.626    7.320

                                      7.053    6.817    6.606    6.415    6.239    6.076    5.922    5.774

K     1.000    0.140    0.156        18.999   18.206   16.732   15.244   13.726   12.269   10.980    9.909

                                      9.057    8.398    7.888    7.480    7.134    6.823    6.528    6.241

                                      5.956    5.674    5.395    5.120    4.851    4.589    4.336    4.093

                                      3.861    3.640    3.431    3.235    3.052    2.882    2.724    2.579

. . . . . . . . 
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Structure factors calculated by Gaussian integration; number of grids :  32

Up to 16 following harmonic waves can be used to describe modulation

Refinement based on F

Weight 1/sig(Fo)**2 coefficient of unstability is    3.00

Reflections with |Fo-Fc|> 3.00*sig(Fo) will be symbolized in output by #

sin(th)/lambda limits for acceptance of reflection   0.06000  10.00000

Only reflections symbolised by # (see above) will be printed

Print of reflections after last cycle of refinement

Correlations larger than 0.9 will be printed

The following waves will be used to describe the modulations

wave#1 :  q(1)             wave#2 :  2q(1)            wave#3 :  3q(1)            wave#4 :  4q(1)                                    

wave#5 :  5q(1)            wave#6 :  6q(1)            wave#7 :  7q(1)            wave#8 :  8q(1)                                    

wave#9 :  9q(1)            wave#10:  10q(1)           wave#11:  11q(1)           wave#12:  12q(1)                                   

wave#13:  13q(1)           wave#14:  14q(1)           wave#15:  15q(1)           wave#16:  16q(1)                                   

Temperature parameters are U

Automatic procedure for setting of refinement keys will be applied

Automatic procedure for setting of restrictions on atoms/molecules at special positions will be applied

F(000) =    416.

Refinement program                                                                                                      page =  2

structure : Testa                                                                                               12:51:54 28-Feb-97

         

block :       1       2       3       4       5       6       7       8       9  together

nps   :     182       0       0       0       0       0       0       0       0       182

nam   :   16653       0       0       0       0       0       0       0       0     16653




   (((((((          (((
Fo/Fc list after last cycle

   h   k   l   m     Fo         Fc          A          B        Fo-Fc     sig(Fo)   sq(wdFq)  nref      sinthl   iq     ext

   0   0   0   1    12.3450    15.7346    12.4442     0.4000    -3.3895     0.5140    -6.5944    1  #  0.10712    1  1.00000        

   2   0   0   0    89.6599   103.8744    82.0102     5.5075   -14.2145     2.8811    -4.9338    5  #  0.21036    1  1.00000        

  -2   0   2   0    99.2779   109.3761   -86.3814    -5.3737   -10.0982     3.1147    -3.2421   30  #  0.24218    1  1.00000        

  -2   0   2   1    42.4464    48.5305   -38.3900    -0.9506    -6.0841     1.5559    -3.9103   31  #  0.21864    1  1.00000        

   0   0   2   0   174.9028   195.3544  -154.4822    -5.5626   -20.4516     5.3036    -3.8562   34  #  0.15900    1  1.00000        

   3   1   0   1     4.3359     1.6931     1.2902    -0.3607     2.6428     0.6927     3.8153  144  #  0.41677    1  1.00000        

  -3   1   1   0    50.0500    55.4644    43.7360     3.6552    -5.4144     1.6705    -3.2411  165  #  0.31416    1  1.00000        

  -3   1   1   1    12.8180    14.3273    11.3305     0.3861    -1.5093     0.4716    -3.2003  166  #  0.24060    1  1.00000        

  -1   1   1   1    23.1236    28.5633    22.5919     0.6742    -5.4398     0.8175    -6.6544  171  #  0.12630    1  1.00000        

   3   1   1   2     5.0892     2.2491     1.7721     0.1644     2.8401     0.7237     3.9246  182  #  0.55053    1  1.00000        

  -1   1   3   1    28.7958    31.9580   -25.2603    -1.1856    -3.1622     1.0034    -3.1514  241  #  0.28263    1  1.00000        

. . . . . . . . 

  -3  21   1   2     8.4261    11.4545     9.0270     0.8165    -3.0284     0.8231    -3.6794 4219  #  0.68532    1  1.00000        

  -1  21   5  -2     9.0056    11.5714     9.1298     0.6963    -2.5658     0.8177    -3.1380 4270  #  0.76098    1  1.00000        

   2  22   0   0     7.2664     1.9673     1.5198     0.3372     5.2990     1.0482     5.0554 4281  #  0.71892    1  1.00000        

  -1  23   2  -2     7.1484     3.9867    -3.0654    -0.7448     3.1618     0.9342     3.3843 4337  #  0.77257    1  1.00000     
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Statistics as a function of sin(th)/lambda and structure factors after last cycle                                                   

sin(th)/lambda                                                                                                                      

                  limits        0.362376   0.453337   0.520215   0.574811   0.622404   0.665116   0.712413   0.913440               

                  number +           150        209        202        201        199        174        151        178               

                         -           189        132        138        141        142        166        190        163               

                  together           339        341        340        342        341        340        341        341               

                  average wdF     4.1316     1.9763     1.5413     2.1087     1.7240     1.9284     2.5051     3.7307               

                  numerator +      335.6      259.3      196.6      191.4      173.3      150.9      137.7      260.1               

                            -     -318.8     -128.7      -95.9      -94.7     -106.6     -137.2     -186.6     -171.0               

                  together         654.4      388.0      292.6      286.1      279.9      288.1      324.3      431.2               

                  denominator    11593.3     8974.7     7072.8     6167.1     5890.6     5168.8     4815.1     4047.4               

                  R factor          5.64       4.32       4.14       4.64       4.75       5.57       6.73      10.65               

struct. factors                                                                                                                     

                  limits             6.6        8.4       10.9       13.7       17.6       23.3       33.7      237.0      unobs    

                  number +           188        161        167        159        165        204        197        223          0    

                         -           157        176        173        181        176        136        144        118          0    

                  together           345        337        340        340        341        340        341        341          0    

                  average wdF     4.0408     3.3492     2.2453     2.2732     2.4738     1.7427     1.4425     2.0607     0.0000    

                  numerator +      262.9      205.8      133.6      108.7      128.0      146.9      176.5      542.7        0.0    

                            -     -132.2     -155.5     -147.7     -142.7     -140.9     -110.3     -135.8     -274.5        0.0    

                  together         395.2      361.3      281.3      251.3      268.9      257.2      312.3      817.2        0.0    

                  denominator     1945.5     2517.0     3248.0     4177.7     5319.3     6962.5     9386.3    20173.5        0.0    

                  R factor         20.31      14.35       8.66       6.02       5.05       3.69       3.33       4.05       0.00    

                                 final check                    sin(th)/lambda     structure factors                                

                                               number +              1464                  1464                                     

                                                      -              1261                  1261                                     

                                               together              2725                  2725                                     

                                               numerator +          1705.0                1705.0                                    

                                                         -         -1239.5               -1239.5                                    

                                               together             2944.6                2944.6                                    

                                               denominator         53729.8               53729.8                                    

                                               R-factor               5.48                  5.48                                    

Statistics as a function of satellite index after last cycle                                                                        

satellite index  :                          0       1  or  -1       2  or  -2       3  or  -3       4  or  -4                       

                  number    +             400             728             336               0               0                       

                            -             328             646             287               0               0                       

                  together                728            1374             623               0               0                       

                  average wdF          2.2909          2.2878          3.0152          0.0000          0.0000                       

                  numerator +           605.0           717.4           382.6             0.0             0.0                       

                            -          -443.1          -584.9          -211.5             0.0             0.0                       

                  together             1048.1          1302.3           594.2             0.0             0.0                       

                  denominator         24204.9         24302.0          5222.8             0.0             0.0                       

                  R factor               4.33            5.36           11.38            0.00            0.00                      

 Figure 55  (continued)
Cycle R(obs) Rw(obs)  R(all) Rw(all)  g.o.f.
 av ch/esd max ch/esd                                                                   

   0    5.48    7.19    5.48    7.19   1.62   0.0007    -0.0092   for As           ycos1                                            

   1    5.48    7.19    5.48    7.19   1.62   0.0000    -0.0014   for As           y                                                

   2    5.48    7.19    5.48    7.19   1.62   0.0000     0.0011   for As           y                                                

   3    5.48    7.19    5.48    7.19   1.62   0.0000     0.0011   for As           y                                                

   4    5.48    7.19    5.48    7.19   1.62   0.0000     0.0011   for As           y                                                

   5    5.48    7.19    5.48    7.19                                                                                                

            main reflections             satellites of order 1           satellites of order 2                                      

Cycle R(obs) Rw(obs)  R(all) Rw(all)  R(obs) Rw(obs)  R(all) Rw(all)  R(obs) Rw(obs)  R(all) Rw(all)                                

   0    4.33    5.95    4.33    5.95    5.36    6.69    5.36    6.69   11.38   12.41   11.38   12.41                                

   1    4.33    5.95    4.33    5.95    5.36    6.69    5.36    6.69   11.38   12.41   11.38   12.41                                

   2    4.33    5.95    4.33    5.95    5.36    6.69    5.36    6.69   11.38   12.41   11.38   12.41                                

   3    4.33    5.95    4.33    5.95    5.36    6.69    5.36    6.69   11.38   12.41   11.38   12.41                                

   4    4.33    5.95    4.33    5.95    5.36    6.69    5.36    6.69   11.38   12.41   11.38   12.41                                

   5    4.33    5.95    4.33    5.95    5.36    6.69    5.36    6.69   11.38   12.41   11.38   12.41                                
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             (((((((((((((                                                                                 

            scale-1   scale-2   scale-3   scale-4   scale-5   scale-6  max ch/esd                                                   

 0          1.263756* 0.000000  0.000000  0.000000  0.000000  0.000000    0.00                                                      

 1          1.263756* 0.000000  0.000000  0.000000  0.000000  0.000000    0.00                                                      

 2          1.263756* 0.000000  0.000000  0.000000  0.000000  0.000000    0.00                                                      

 3          1.263756* 0.000000  0.000000  0.000000  0.000000  0.000000    0.00                                                      

 4          1.263756* 0.000000  0.000000  0.000000  0.000000  0.000000    0.00                                                      

 5          1.263756  0.000000  0.000000  0.000000  0.000000  0.000000                                                              

esd         0.004437  0.000000  0.000000  0.000000  0.000000  0.000000                                                              

====================================================================================================================================

As            ai         x         y         z        U11       U22       U33       U12       U13       U23      Uiso    max ch/esd 

 0          0.500000  0.000000  0.631039* 0.250000  0.016070  0.019152  0.018667  0.000000  0.003317  0.000000  0.017908   -0.01    

 1          0.500000  0.000000  0.631039* 0.250000  0.016070  0.019152  0.018667  0.000000  0.003317  0.000000  0.017908    0.00    

 2          0.500000  0.000000  0.631039* 0.250000  0.016070  0.019152  0.018667  0.000000  0.003317  0.000000  0.017908    0.00    

 3          0.500000  0.000000  0.631039* 0.250000  0.016070  0.019152  0.018667  0.000000  0.003317  0.000000  0.017908    0.00    

 4          0.500000  0.000000  0.631039* 0.250000  0.016070  0.019152  0.018667  0.000000  0.003317  0.000000  0.017908    0.00    

 5          0.500000  0.000000  0.631039  0.250000  0.016070  0.019152  0.018667  0.000000  0.003317  0.000000  0.017908            

esd         0.000000  0.000000  0.000023  0.000000  0.000194  0.000194  0.000193  0.000000  0.000120  0.000000  0.000115            

====================================================================================================================================

As           xsin1     ysin1     zsin1     xcos1     ycos1     zcos1   max ch/esd                                                   

 0         -0.011058  0.000000 -0.026379  0.000000  0.013897* 0.000000   -0.01                                                      

 1         -0.011058  0.000000 -0.026379  0.000000  0.013897* 0.000000    0.00                                                      

 2         -0.011058  0.000000 -0.026379* 0.000000  0.013897  0.000000    0.00                                                      

 3         -0.011058  0.000000 -0.026379* 0.000000  0.013897  0.000000    0.00                                                      

 4         -0.011058  0.000000 -0.026379  0.000000  0.013897* 0.000000    0.00                                                      

 5         -0.011058  0.000000 -0.026379  0.000000  0.013897  0.000000                                                              

esd         0.000110  0.000000  0.000089  0.000000  0.000034  0.000000                                                              

====================================================================================================================================

As           xsin2     ysin2     zsin2     xcos2     ycos2     zcos2   max ch/esd                                                   

 0         -0.001426  0.000000  0.003925  0.000000  0.001400* 0.000000    0.00                                                      

 1         -0.001426  0.000000  0.003925* 0.000000  0.001400  0.000000    0.00                                                      

 2         -0.001426  0.000000  0.003925  0.000000  0.001400* 0.000000    0.00                                                      

 3         -0.001426  0.000000  0.003925* 0.000000  0.001400  0.000000    0.00                                                      

 4         -0.001426  0.000000  0.003925  0.000000  0.001400* 0.000000    0.00                                                      

 5         -0.001426  0.000000  0.003925  0.000000  0.001400  0.000000                                                              

esd         0.000156  0.000000  0.000110  0.000000  0.000042  0.000000                                                              

Figure 55  (continued)
====================================================================================================================================

As          U11sin1   U22sin1   U33sin1   U12sin1   U13sin1   U23sin1  max ch/esd                                                   

 0          0.000000  0.000000  0.000000 -0.001399* 0.000000  0.001612    0.00                                                      

 1          0.000000  0.000000  0.000000 -0.001399  0.000000  0.001612*   0.00                                                      

 2          0.000000  0.000000  0.000000 -0.001399  0.000000  0.001612*   0.00                                                      

 3          0.000000  0.000000  0.000000 -0.001399* 0.000000  0.001612    0.00                                                      

 4          0.000000  0.000000  0.000000 -0.001399  0.000000  0.001612*   0.00                                                      

 5          0.000000  0.000000  0.000000 -0.001399  0.000000  0.001612                                                              

esd         0.000000  0.000000  0.000000  0.000172  0.000000  0.000175                                                              

As          U11cos1   U22cos1   U33cos1   U12cos1   U13cos1   U23cos1  max ch/esd                                                   

 0          0.001689 -0.000003  0.000386  0.000000 -0.000072* 0.000000    0.00                                                      

 1          0.001689 -0.000003* 0.000386  0.000000 -0.000072  0.000000    0.00                                                      

 2          0.001689 -0.000003* 0.000386  0.000000 -0.000072  0.000000    0.00                                                      

 3          0.001689 -0.000003* 0.000386  0.000000 -0.000072  0.000000    0.00                                                      

 4          0.001689 -0.000003* 0.000386  0.000000 -0.000072  0.000000    0.00                                                      

 5          0.001689 -0.000003  0.000386  0.000000 -0.000072  0.000000                                                              

esd         0.000206  0.000238  0.000215  0.000000  0.000164  0.000000                                                              

====================================================================================================================================

As          U11sin2   U22sin2   U33sin2   U12sin2   U13sin2   U23sin2  max ch/esd                                                   

 0          0.000000  0.000000  0.000000  0.000264* 0.000000  0.001977    0.00                                                      

 1          0.000000  0.000000  0.000000  0.000264* 0.000000  0.001977    0.00                                                      

 2          0.000000  0.000000  0.000000  0.000264  0.000000  0.001977*   0.00                                                      

 3          0.000000  0.000000  0.000000  0.000264  0.000000  0.001977*   0.00                                                      

 4          0.000000  0.000000  0.000000  0.000264  0.000000  0.001977*   0.00                                                      

 5          0.000000  0.000000  0.000000  0.000264  0.000000  0.001977                                                              

esd         0.000000  0.000000  0.000000  0.000245  0.000000  0.000217                                                              

====================================================================================================================================
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As          U11cos2   U22cos2   U33cos2   U12cos2   U13cos2   U23cos2   phason   max ch/esd                                         

 0          0.000283 -0.000805 -0.000181  0.000000  0.000856* 0.000000  0.000000    0.00                                            

 1          0.000283 -0.000805 -0.000181* 0.000000  0.000856  0.000000  0.000000    0.00                                            

 2          0.000283 -0.000805*-0.000181  0.000000  0.000856  0.000000  0.000000    0.00                                            

 3          0.000283 -0.000805 -0.000181  0.000000  0.000856* 0.000000  0.000000    0.00                                            

 4          0.000283*-0.000805 -0.000181  0.000000  0.000856  0.000000  0.000000    0.00                                            

 5          0.000283 -0.000805 -0.000181  0.000000  0.000856  0.000000  0.000000                                                    

esd         0.000343  0.000272  0.000294  0.000000  0.000236  0.000000  0.000000                                                    

====================================================================================================================================

. . . . . . . . 

O3          U11cos2   U22cos2   U33cos2   U12cos2   U13cos2   U23cos2   phason   max ch/esd                                         

 0         -0.003972 -0.014366 -0.017415  0.013567 -0.014126  0.018702* 0.000000    0.00                                            

 1         -0.003972 -0.014366*-0.017415  0.013567 -0.014126  0.018703  0.000000    0.00                                            

 2         -0.003972 -0.014366 -0.017415  0.013567 -0.014126  0.018702* 0.000000    0.00                                            

 3         -0.003972 -0.014366 -0.017415* 0.013567 -0.014126  0.018702  0.000000    0.00                                            

 4         -0.003972 -0.014366 -0.017415* 0.013567 -0.014126  0.018702  0.000000    0.00                                            

 5         -0.003972 -0.014366 -0.017415  0.013566 -0.014126  0.018702  0.000000                                                    

esd         0.002550  0.002628  0.002897  0.002092  0.002125  0.002218  0.000000                                                    

====================================================================================================================================


There were no correlations larger than  0.900 in last refinement cycle

Program started at 12:51:58 ended   at 12:53:59 cpu time :      1.47

A Part 

2.5 Program EditM40 

Input: m50,[m40],[m48],[m45]
Output: m40

M50 control keywords: none

Figure 56
The Basic Window of editm40 
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2.5.1 The Description of EditM40
EditM40 is interactive program for editing of the basic refinement parameter file m40. If m40 doesn’t exist EditM40 creates an empty one. The usage of Refine and EditM40 is interconnected so most of the refinement techniques are described in this chapter. The communication of editm40 with other programs of Jana98 is elucidated in § 1.3.3 page A-38 and in Figure 17, page A-40.

The Overview of the EditM40 Tools

The procedures listed  in the main menu of EditM40 can be divided into several groups: 

· Procedures for deleting or adding atoms
· Replacing/inserting atoms

· Deleting of atoms

· Adding of hydrogen atoms

· Merging of symmetry related atoms

· Transformation procedures
· Transformation and/or origin shift

· Expansion by symmetry operation(s)

· Transforming m40 to supercell
· Procedures handling the temperature parameters and atomic displacement functions
· Temperature parameters

· Beta<->U
· Adding or deleting anharmonic tensors (only for standard structures)
· Procedures handling the modulation waves and the refinement keys
· Setting or deleting modulation waves

· Setting of refinement keys
· Procedures handling the molecules
· Creation of new molecular part

· Transferring of atoms of molecule to the atomic part

· Transformation of molecular parameters
Most of the procedures are self explanatory but some of them needs a comment. First, however, the main parts of the m40 file should be described to know more about the object of the editing. 

The Undo/Do command

The last command in the main menu appears in the list only when the data read from the original m40 files were changed. The command allows to step back in the list of m40 backup copies. It is not possible to restore original m40 after quitting of editm40.

Figure 57
EditM40: The Undo/Do Form 
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Selecting Atoms

Many of EditM40 procedures opens the Select Atoms form to select group of atoms for desired action. In upper part of the form the atoms from the m40 file are listed and can be selected by mouse. The second part of the form allows to select groups of atoms at a time. The selected groups is highlighted in the upper part of the form. 

If the structure contains molecules, the Select atoms form is opened separately for atomic and molecular part of m40.

Figure 58
EditM40: The Select Atoms Form 
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Editing m40
The first item of the editm40 main menu is Editing of m40. The important point is that the user does not edit original m40 but its work copy which contains the changes already made by editm40. The changes made by the user in editing mode become permanent only after quitting editm40 and confirming that the original m40 can be overwritten. 

The Procedures for Deleting or Adding atoms

This group of tools contains

· Replacing/inserting atoms

· Deleting of atoms

· Adding of hydrogen atoms

· Merging of symmetry related atoms

All of them work with the Select atoms form (see Figure 58, page E-3). 

The Figure 59 - Figure 61 show the typical dialogue during adding of new maxima from their list m48, which is typically created by fourier. The user first selects the maxima which are to be added to m40. Then editm40 displays for each selected maximum list of the equivalent positions and their distances to atoms already present in m40 such that the user can keep together atoms from one molecule etc. At last the information about atom name, initial temperature parameter, occupancy and chemical type  is required. The occupancy is defined as a multiple (reduction) of the one resulted from the site symmetry of the atom. 

Figure 59
editm40: The Select Atoms Form Showing the Maxima in m48.
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Figure 60
editm40: The List of Equivalent Positions of Fourier Peak
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Figure 61
editm40: An Information Requested for New Atom
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The Figure 62 - Figure 63 show the typical dialogue during adding of new hydrogen atoms. editm40 calculates new hydrogen positions to be in the vertices of the tetrahedron, triangle or abscissa with the centre at the selected atom. In the first form (see Figure 62) the user specifies the distance between the central atom and new hydrogens (the hydrogen distance) and the distance limit for searching of the vertices which are already occupied by existing atoms (the neighbour distance). Then the Select atoms form is opened in order to select the central atoms around which the hydrogens are to be calculated. For each central atom another form is opened (see Figure 63) to specify number of hydrogens which defines the shape of the body (tetrahedron, triangle or abscissa). The new hydrogen atoms are added to m40 with default names. 

Figure 62
editm40: Adding of Hydrogens, Basic Setting
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Figure 63
editm40: Adding of Hydrogens to Selected Atom
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The Transformation Procedures

The transformation procedures include

· Transformation and/or origin shift

· Expansion by symmetry operation(s)

· Transforming m40 to supercell
The first two procedures open the form for entering of the transformation matrix (see Figure 64) and then the user can select atoms for which the transformation is to be applied. 

The Transforming m40 to supercell is used for commensurate structures. The transformation procedure transforms the parameters in m40 and the symmetry and all relevant data in m50 so that the user can immediately start the refinement of the supercell model. The behaviour of editm40 in this special case is different from the other tools where the changes become permanent only after quitting of editm40 and confirming the changes. Here after successful transformation editm40 offers the user to start the work with supercell model with new structure name. The user can agree, which is equivalent to changing the structure by file manager; otherwise the new supercell files are stored on disk and the user continues the work with old commensurate model.  

The details about work with commensurate structures will be described later in the Jana98 cookbook

Figure 64
editm40: The Transformation Matrix Form
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The Procedures Handling the Refined Parameters
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The Procedures Handling Molecules

See § 2.5.3, page E-12 for details.

The Procedures Handling the Temperature Parameters

See §2.5.6, page E-23 for details.

2.5.2 The Refinement Parameter File m40 

The refinement parameter file m40 contains parameters of the structure model and corresponding keys of the refinement. The m40 can be created or edited by EditM40. 

EditM40 sets the initial values of the parameters and the refinement keys. Refine then changes the refinement keys according to the symmetry and other restrictions,  refines the parameters and writes the results to m40. See § 2.4.1 page D-1 for the detailed description of the work of Refine with the m40 file. 

Note: More information about the refinement keys is available in § 2.4.2 page D-4. The refinement commands autkeys, autspec, restric, fixed and equation useful for making the restrictions of the refined parameters are listed in Table 13 page D-8.

The m40 file consists of the three main parts:

· The header contains scale and extinction parameters and other types of the overall information

· The atomic part contains the parameters and refinement keys of individual atoms

· The molecular part contains the parameters and refinement keys of the molecules. 

Following figure shows the header and the atomic part of the testing example testa. The molecular part will be described later in this chapter together with the “Creation of new molecular part” tool of EditM40. 

Figure 65
The Atomic Part of the Refinement Parameter File m40 



(The molecular part of m40  is described in §2.5.3 page E-12)

    5    0    0    0

 1.263756 0.000000 0.000000 0.000000 0.000000 0.000000      100000

 0.000000

 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000      000000

 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000      000000

As        1  2     0.500000 0.000000 0.631039 0.250000      000  0  2  2

 0.016070 0.019152 0.018667 0.000000 0.003317 0.000000      0010111010

-0.011058 0.000000-0.026379 0.000000 0.013897 0.000000      101010

-0.001426 0.000000 0.003925 0.000000 0.001400 0.000000      101010

 0.000000 0.000000 0.000000-0.001399 0.000000 0.001612      000101

 0.001689-0.000003 0.000386 0.000000-0.000072 0.000000      111010

 0.000000 0.000000 0.000000 0.000264 0.000000 0.001977      000101

 0.000283-0.000805-0.000181 0.000000 0.000856 0.000000      111010

 0.000000                                                   0

. . . . . .

O3        4  2     1.000000 0.259540 0.704262 0.334582      000  0  2  2

 0.033601 0.045856 0.050422-0.018620 0.018743-0.023155      0111111111

 0.001588 0.012132 0.014724 0.049204-0.017804 0.060715      111111

 0.007225-0.002704 0.000271-0.004372-0.002479 0.004139      111111

 0.001844 0.003826 0.005253-0.001272 0.001209-0.002663      111111

-0.008377 0.003772 0.004731 0.005381-0.003017-0.006556      111111

-0.002579 0.015193 0.003039-0.005828-0.001797-0.012093      111111

-0.003972-0.014366-0.017415 0.013566-0.014126 0.018702      111111

 0.000000                                                   0

As                 0.000000 0.000000 0.000023 0.000000

 0.000194 0.000194 0.000193 0.000000 0.000120 0.000000

 0.000110 0.000000 0.000089 0.000000 0.000034 0.000000

 0.000156 0.000000 0.000110 0.000000 0.000042 0.000000

 0.000000 0.000000 0.000000 0.000172 0.000000 0.000175

 0.000206 0.000238 0.000215 0.000000 0.000164 0.000000

 0.000000 0.000000 0.000000 0.000245 0.000000 0.000217

 0.000343 0.000272 0.000294 0.000000 0.000236 0.000000

 0.000000

. . . . . .

O3                 0.000000 0.000581 0.000180 0.000472

 0.001374 0.001606 0.001792 0.001219 0.001288 0.001398

 0.000776 0.000273 0.000719 0.000752 0.000225 0.000618

 0.000999 0.000306 0.000761 0.001031 0.000310 0.000811

 0.002027 0.002303 0.002737 0.001787 0.001852 0.001985

 0.001743 0.001858 0.001986 0.001432 0.001420 0.001470

 0.002445 0.002647 0.002694 0.001990 0.002036 0.002197

 0.002550 0.002628 0.002897 0.002092 0.002125 0.002218

 0.000000

Figure 66
The Header of m40

The names of the parameters are taken from Table 11 page D-5. They can be used for the definition of the refinement restrictions by the restriction commands restric, fixed and equation (see page D-8).


    5    0    0    0

 1.263756 0.000000 0.000000 0.000000 0.000000 0.000000      100000

  scale-1  scale-2  scale-3  scale-4  scale-5  scale-6     (((
((((((((((((((((((((((         
 0.000000




((((((((((((((((((((((          
 rhoiso

 rho(1,1) rho(2,2) rho(3,3) rho(1,2) rho(1,3) rho(2,3)        (((
 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000      000000

 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000      000000

  g(1,1)   g(2,2)   g(3,3)   g(1,2)   g(1,3)   g(2,3)          (((
  giso
((((((((((((((((((((((         
Figure 67
The Parameters of the Individual Atom


The names of the parameters are taken from Table 11 page D-5. They can be used for the definition of the refinement restrictions by the restriction commands restric, fixed and equation (see page D-8).






    






                     (((((((
                      ai        x        y        z

As        1  2     0.500000 0.000000 0.631039 0.250000      000  0  2  2

 0.016070 0.019152 0.018667 0.000000 0.003317 0.000000      0010111010

            U11      U22      U33      U12      U13      U23       (((((
((((((((((((((((((((((
The modulation waves are listed in the following order: 

· occupational waves (not present in this example)

· positional waves (2 waves in this example)

· temperature waves (2 waves in this example)

This order is also preserved in Table 11 page D-5.

xsin1    ysin1    zsin1    xcos1    ycos1    zcos1
  
-0.011058 0.000000-0.026379 0.000000 0.013897 0.000000      101010

   xsin2    ysin2    zsin2    xcos2    ycos2    zcos2

-0.001426 0.000000 0.003925 0.000000 0.001400 0.000000      101010

   U11sin1  U22sin1  U33sin1  U12sin1  U13sin1  U23sin1

 0.000000 0.000000 0.000000-0.001399 0.000000 0.001612      000101

   U11cos1  U22cos1  U33cos1  U12cos1  U13cos1  U23cos1 
 0.001689-0.000003 0.000386 0.000000-0.000072 0.000000      111010

   U11sin2  U22sin2  U33sin2  U12sin2  U13sin2  U23sin2 
 0.000000 0.000000 0.000000 0.000264 0.000000 0.001977      000101

   U11cos2  U22cos2  U33cos2  U12cos2  U13cos2  U23cos2 
 0.000283-0.000805-0.000181 0.000000 0.000856 0.000000      111010

   phason

 0.000000                                                   0

2.5.3 Creating Molecules

Molecule in the context of the Jana98 refinement is a group of atoms having some parameters common in all positions of the group in the structure. It is not necessarily molecule in the chemical meaning. The rigidity of the molecule is  determined by the number of the parameter types being common for all atoms of the molecule or for all its positions. 

The group of atoms shaping the molecule is called the model molecule. The parameters of single atoms of the model molecule are placed in the m40 file. The position of the model molecule is arbitrary but its atoms should have proper site symmetry. The model molecule can be transformed to its real position by a rotation defined by three rotational angles and a translation defined by translation vector. 

The atomic and molecular parameters

The atoms of the model molecule have their own atomic parameters which can be refined. The molecule in Jana98 need not be therefore considered rigid because its geometry can change during the refinement. 

The coordinates can be refined only as atomic parameters of the model molecule. The occupation, temperature and modulation parameters can also be refined as molecular parameters together with the rotational and translation parameters of a specific molecule position. 

· The atomic parameters are refined independently for each atom of the model molecule and are common for all molecular positions. Their order and names in the m40 file are the same as for atoms of the atomic part. 

· The molecular parameters are refined independently for each position of the model molecule and are common for all its atoms. 

1. The basic molecular parameters are the same for both modulated and ordinary structures. They always comprise the rotational angles, the definition of the rotation (a proper or an improper one
), the translation vector and the occupation of the molecular position.  Also the temperature parameters of the molecule can be refined in this section as the TLS tensors. 

2. The molecular modulation parameters can be refined for occupation, position and thermal parameters. The choice which modulation parameters will be refined as the molecular ones and which as the atomic parameters of the model molecule is completely up to user and affects considerably the rigidity of the molecule. 

The various examples of the molecular m40 files are described in § 2.5.5 page E-15. First, however,  the tools offered by EditM40 for the creation of the molecules will be discussed. 

EditM40 provides the “Creation of new molecular part” tool which allows to define the molecule and place it to the m40 file. 

Figure 68
EditM40: The New Molecule Form 

In this example the molecule will be created from atoms already present in the atomic part of the m40 file.)
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The creation of the new molecule has following stages:

· Creation of the model molecule
· The model molecule defines the geometrical relations between the single atoms of the real molecule, but its position in the crystal is undefined. The user can supply the model molecule on the file m45
 or pick it out from the atoms already present in the atomic part of the m40 file. 

· Definition of the reference point
· The “New molecule” form offers three types of the reference point. For the standard structures its choice doesn’t influence the calculation. In the case of the molecular modulations however the modulation parameters and their symmetry restrictions are related to the reference point so its site symmetry position should be the same as the one of the molecule. As Jana98 uses the rectilinear approximation for the calculation of the molecular modulations, the distance of the reference point from the centre of the molecule should be as short as possible. 

· Definition of the molecular position(s)
· Each  position of the model molecule in the crystal is defined by three rotations and three translations which can be refined by Refine. Their starting values are calculated from the known coordinates of three model atoms in the object molecule position. 

EditM40 creates new molecular part in the m40 file and places there the model molecule. If the model molecule was picked out from the atomic part of m40, the atoms are moved from the atomic part to the molecular one together with their modulation waves. If the model molecule was defined in the m45 file, the number of atoms in the atomic part remains unchanged. 

Figure 69
EditM40: The Molecular Position Form

In this example the molecular position #1 is defined by entering the coordinates of three atoms of the model molecule in the object position. The coordinates are entered in symbolic form of atom names but they can also be entered as numbers. The model molecule was picked out from the atomic part of m40 and its first position #1 will be  the same as the one of the model.
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Note: the occupancy of a molecular position shouldn’t be mistaken with the one of  individual atoms of the model molecule. 

The adding/deleting of modulation waves for molecules is described in page E-20.

2.5.4 The Model Molecule File m45 

Figure 70
EditM40: An Example of the m45 File


(((((((( ((((((((((((((((((((((((
9.1550   32.0740    7.3550     90.00     90.90     90.00   0.71073

N12       2  2     1.000000 0.727786 0.697239 0.226239

C12       1  2     1.000000 0.642820 0.658329 0.244015

C22       1  2     1.000000 0.740921 0.620291 0.242596

C32       1  2     1.000000 0.653845 0.579992 0.247627

C42       1  2     1.000000 0.748468 0.541002 0.247492

C52       1  2     1.000000 0.660053 0.500753 0.246493

C62       1  2     1.000000 0.753332 0.461653 0.246424

C72       1  2     1.000000 0.665226 0.421651 0.243659

                                         ((((((((((((
2.5.5 The Molecular Part of the m40 File

Following picture describes the m40 file created from the one shown in Figure 65, page E-9, by transferring the atoms As, F1,F2 and O3 from the atomic part to the new molecule named “Oct1”. Because the molecule has only one position, the resulting R factor should be the same as the one for pure atomic model. 

Figure 71
The Molecule with Atomic Modulation Parameters


The modulation parameters of the  molecule “Oct1” are refined as atomic parameters of the model molecule. There are no molecular modulation parameters - the molecular part contains only basic molecular parameters common for both modulated and standard structures

    1    1    0    0

    4    1

 1.263756 0.000000 0.000000 0.000000 0.000000 0.000000      100000

 0.000000

 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000      000000

 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000      000000

K         2  2     0.500000 0.500000 0.590898 0.750000      000  0  2  2

 0.033045 0.034587 0.026954 0.000000 0.006397 0.000000      0010111010

 0.008144 0.000000-0.013341 0.000000 0.017261 0.000000      101010

-0.012132 0.000000-0.006995 0.000000-0.003242 0.000000      101010

 0.000000 0.000000 0.000000-0.003714 0.000000 0.001670      000101

-0.000454-0.006430 0.004671 0.000000 0.000310 0.000000      111010

 0.000000 0.000000 0.000000-0.000712 0.000000 0.000816      000101

 0.000880-0.006496 0.002793 0.000000 0.001728 0.000000      111010

 0.000000                                                   0

Oct1                        0.000000 0.631037 0.250000

As        1  2     0.500000 0.000000 0.631037 0.250000      000 -1  2  2

 0.016070 0.019152 0.018667 0.000000 0.003317 0.000000      0000111010

-0.011058 0.000000-0.026379 0.000000 0.013897 0.000000      101010

-0.001426 0.000000 0.003925 0.000000 0.001400 0.000000      101010

 0.000000 0.000000 0.000000-0.001399 0.000000 0.001612      000101

 0.001689-0.000003 0.000386 0.000000-0.000072 0.000000      111010

 0.000000 0.000000 0.000000 0.000264 0.000000 0.001977      000101

 0.000283-0.000805-0.000181 0.000000 0.000856 0.000000      111010

 0.000000                                                   0

. . . . . .

O3        4  2     1.000000 0.259540 0.704260 0.334582      000 -1  2  2

 0.033601 0.045856 0.050422-0.018620 0.018743-0.023155      0111111111

-0.048996 0.016087-0.062108-0.004784 0.014331 0.006754      111111

-0.008104 0.001979 0.000799 0.002374 0.003089-0.004070      111111

 0.008068-0.004234-0.005370-0.005172 0.002836 0.006845      111111

 0.002911 0.003307 0.004598-0.001957 0.001588-0.001793      111111

 0.001474-0.018367-0.007401 0.009110-0.001884 0.016483      111111

 0.004500 0.009993 0.016054-0.011620 0.014114-0.014978      111111

 0.000000                                                   0

pos#1     1        1.000000                                 000  0  0  0

     0.00     0.00     0.00 0.000000 0.000002 0.000000      0000010

 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000

Figure 72
The Header of m40 with Molecule(s)

1    1    0    0

4    1



Figure 73 
The Basic Molecular Parameters
(Details)
(These parameters are refined for each molecular position and are common for all atoms of the model and for both modulated an ordinary structures. This example doesn’t contain the temperature parameters of the model molecule atoms which can also be refined here as TLS tensors - see Figure 79 page E-24 for an example)





                    aimol
pos#1     1        1.000000                                 000  0  0  0

     phi      chi      psi  x-trans  y-trans  z-trans
     0.00     0.00     0.00 0.000000 0.000002 0.000000      0000010

0.000000 0.000000 0.000000 0.000000 0.000000 0.000000      (((((
(((((((((   (((((((((
             ((((((((((((

The molecular modulation parameters

Following picture shows the m40 file created from the one described in Figure 71 page E-16 by deleting of the atomic modulation waves and by creating and refining the new molecular ones. This molecule is more rigid than the previous one because the modulations refined for the position pos#1 are common for  all atoms of the model. 

Figure 74
The Molecule with Molecular Modulations





(see Figure 75 page E-19 for details)
The modulation parameters of the  molecule “Oct1” are refined as molecular parameters. The positions and temperature parameters are refined as individual atomic parameters of the model. Their modulations are refined as molecular parameters. 

Oct1                        0.000000 0.631037 0.250000

As        1  2     0.500000 0.000000 0.631037 0.250000      000 -1 -1 -1

 0.016097 0.019142 0.018597 0.000000 0.003336 0.000000      0000111010

F1        3  2     1.000000-0.099898 0.627171 0.499052      000 -1 -1 -1

 0.037372 0.047468 0.023437-0.001411 0.012543 0.003218      0111111111

F2        3  2     1.000000 0.237242 0.552070 0.331160      000 -1 -1 -1

 0.037934 0.038720 0.044401 0.016986 0.002872 0.006284      0111111111

O3        4  2     1.000000 0.259906 0.704303 0.334698      000 -1 -1 -1

 0.033521 0.044441 0.048897-0.017761 0.017698-0.021011      0111111111

pos#1     1        1.000000                                 000  0  2  2

     0.00     0.00     0.00 0.000000-0.000005 0.000000      0000010

 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000

-0.011029 0.000000-0.026429 0.000000 0.013895 0.000000      101010

-0.001315 0.000000 0.003928 0.000000 0.001402 0.000000      101010

-0.031992 0.000000 0.020274 0.000000-0.003027 0.000000      101010

-0.001617 0.000000 0.003245 0.000000 0.001548 0.000000      101010

 0.000000 0.000000 0.000000-0.000381 0.000000 0.000301      000101

 0.001507-0.000002 0.000196 0.000000-0.000034 0.000000      111010

 0.000000 0.000000 0.000000 0.000095 0.000000 0.000380      000101

-0.000078-0.000074 0.000021 0.000000 0.000494 0.000000      111010

 0.000000 0.000000 0.000000 0.000663 0.000000-0.000173      000101

-0.001392 0.000084 0.000811 0.000000-0.000240 0.000000      111010

 0.000000 0.000000 0.000000 0.000399 0.000000-0.000254      000101

 0.002021-0.000100 0.001322 0.000000-0.001741 0.000000      111010

 0.000000 0.000157 0.000000 0.000358 0.000000 0.000160      010101

 0.000000 0.000428 0.000000                                 010

 0.000624 0.000000 0.001265 0.000000-0.000074 0.000000      101010

-0.000268 0.000000-0.000550                                 100

 0.000000 0.000962 0.000000 0.000356 0.000000 0.000338      010101

 0.000000-0.000617 0.000000                                 010

 0.000823 0.000000 0.001682 0.000000 0.000268 0.000000      101010

-0.000982 0.000000-0.001091                                 100

 0.000000

Figure 75
The Molecular Modulation Parameters (Details)








(((((((((((((((((((((((
pos#1     1        1.000000                                 000  0  2  2

     0.00     0.00     0.00 0.000000-0.000005 0.000000      0000010

 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000

   xtsin1   ytsin1   ztsin1   xtcos1   ytcos1   ztcos1
translation waves
-0.011029 0.000000-0.026429 0.000000 0.013895 0.000000      101010

   xtsin2   ytsin2   ztsin2   xtcos2   ytcos2   ztcos2

-0.001315 0.000000 0.003928 0.000000 0.001402 0.000000      101010

   xrsin1   yrsin1   zrsin1   xrcos1   yrcos1   zrcos1 
rotation waves
-0.031992 0.000000 0.020274 0.000000-0.003027 0.000000      101010

   xrsin2   yrsin2   zrsin2   xrcos2   yrcos2   zrcos2

-0.001617 0.000000 0.003245 0.000000 0.001548 0.000000      101010

   T11sin1  T22sin1  T33sin1  T12sin1  T13sin1  T23sin1
T waves
 0.000000 0.000000 0.000000-0.000381 0.000000 0.000301      000101

   T11cos1  T22cos1  T33cos1  T12cos1  T13cos1  T23cos1

 0.001507-0.000002 0.000196 0.000000-0.000034 0.000000      111010

   T11sin2  T22sin2  T33sin2  T12sin2  T13sin2  T23sin2

 0.000000 0.000000 0.000000 0.000095 0.000000 0.000380      000101

   T11cos2  T22cos2  T33cos2  T12cos2  T13cos2  T23cos2

-0.000078-0.000074 0.000021 0.000000 0.000494 0.000000      111010

   L11sin1  L22sin1  L33sin1  L12sin1  L13sin1  L23sin1
L waves
 0.000000 0.000000 0.000000 0.000663 0.000000-0.000173      000101

   L11cos1  L22cos1  L33cos1  L12cos1  L13cos1  L23cos1

-0.001392 0.000084 0.000811 0.000000-0.000240 0.000000      111010

   L11sin2  L22sin2  L33sin2  L12sin2  L13sin2  L23sin2

 0.000000 0.000000 0.000000 0.000399 0.000000-0.000254      000101

   L11cos2  L22cos2  L33cos2  L12cos2  L13cos2  L23cos2

 0.002021-0.000100 0.001322 0.000000-0.001741 0.000000      111010

   S11sin1  S21sin1  S31sin1  S12sin1  S22sin1  S32sin1 
S waves
 0.000000 0.000157 0.000000 0.000358 0.000000 0.000160      010101

   S13sin1  S23sin1  S33sin1
 0.000000 0.000428 0.000000                                 010

   S11cos1  S21cos1  S31cos1  S12cos1  S22cos1  S32cos1
 0.000624 0.000000 0.001265 0.000000-0.000074 0.000000      101010

   S13cos1  S23cos1  S33cos1
-0.000268 0.000000-0.000550                                 100

   S11sin2  S21sin2  S31sin2  S12sin2  S22sin2  S32sin2 

 0.000000 0.000962 0.000000 0.000356 0.000000 0.000338      010101

   S13sin2  S23sin2  S33sin2
 0.000000-0.000617 0.000000                                 010

   S11cos2  S21cos2  S31cos2  S12cos2  S22cos2  S32cos2
 0.000823 0.000000 0.001682 0.000000 0.000268 0.000000      101010

   S13cos2  S23cos2  S33cos2
-0.000982 0.000000-0.001091                                 100

   phasonm

 0.000000
Adding/deleting modulation waves for molecules

The molecular modulation parameters can be refined as atomic or molecular ones. The modulation waves are added or deleted by the "Setting or deleting modulation waves" tool of the main editm40 menu. If the modulation waves of some atom are refined in the molecular part their number in the atomic part must be set to -1. The molecular waves can be added only if the number of corresponding waves in the model molecule is set to -1 at least for one atom. 

Examples:

The numbers of individual modulation waves of all atoms of the model molecule in Figure 74, page E-18 are equal to -1 as the corresponding parameters are refined as molecular ones.

The numbers of positional and temperature modulation waves of all atoms of the model molecule in Error! Reference source not found., page Error! Bookmark not defined. are positive as the corresponding parameters are refined as individual ones.

Releasing atoms from a molecule

The example in Figure 71, page E-16 shows a molecule with all positional and temperature modulation parameters refined as atomic parameters of the model molecule. Another example in Figure 74, page E-18 shows opposite case when all all positional and temperature modulation parameters are refined in molecular part. 

Jana98  allows also intermediate case when some atom of  the molecule has it’s own individual modulation waves but the molecular positions have molecular modulation waves too. The modulation of such atom has both atomic and molecular contribution. 

The molecular waves are refined for the remaining atoms of the model molecule and the atom with individual waves doesn’t contribute to. From this important limitation follows that rest of the model molecule after releasing some atoms has to be large enough and its shape must be still suitable for the calculation of the molecular modulations. 

Releasing of an atom from a molecule can be used as a test if the given atom belongs to the molecule. If  the refined individual modulation parameters are below the 3( level the individual contribution are probably negligible and the atom can be backed to the molecule. 

Transformation tools  for molecules

Jana98  offers following transformation tools for molecules:

· transferring of molecules to the atomic part

· change of the rotational angles

· setting of the rotational z axis

Transferring of molecules to the atomic part
The first procedure moves the atoms from the molecule to the atomic part of the m40 file. Each molecular position is transformed to the corresponding group of atoms in the atomic part
. The molecular modulations are transformed to the modulations of individual atoms. The molecular part corresponding to the transferred molecule is then destroyed. The R factor resulting from the zero cycle of the refinement  carried out after the transformation should be the same as the one before the transformation. 
As mentioned in § 2.5.3 page E-12 the parameters refined for a molecule can be the  atomic ones concerning the individual atoms of the model molecule or the molecular ones concerning the molecular positions. There is no possibility in Jana98 to transform between these types of modulation parameters. The only way how to change between atomic and molecular parameters is therefore to delete one type of the modulation waves and set and refine the another one. The deleting of the old waves and adding of new ones can be easily done by “Setting or deleting modulation waves” procedure accessible from the main menu of EditM40.

Change of the rotational angles

The transformation of the model molecule to some real position in the structure is defined by three rotational angles and a translation. The angles can be Eulerian ones (this is the default setting) or an axial ones. 

If the rotational angles are Eulerian ones and  ( 0, the remaining angles and ( strongly correlates and the refinement can crash on the singularity. This is the case when the Eulerian angles should be transformed to the axial ones with help of the “Molecular transformation” form, which is accessible from the point “Transformation of molecular parameters” of  the main EditM40 menu. The refinement of the axial rotations can also fail for certain angles. 

Figure 76
EditM40: The Molecular Transformation Form
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Setting of the rotational z axis

The basic molecular parameters part of the m40 file (see Figure 73 page E-17) contains the definition of the rotational z axis in the model molecule and in the certain molecular position. Usually these are zero vectors and are not used. If these vectors are present, the rotational angles  and ( are defined with respect to this axis. 

This feature is useful if the rotational angles around  the z axis have some chemical meaning. The following example illustrates the usage of the rotational z axis definition for refinement of the terminal CH3 groups. 

Figure 77
The Refinement of the Terminal CH3 Groups 

Model molecule

                  H
C1       C2       H
                  H
The model molecule comprises three hydrogens and two “dummy” carbon atoms. The occupation of the carbons is set to zero so they don’t contribute to structure factors. The z axis of the model is defined as C1-C2 direction. 

The z axis in the real position is defined by two normally occupated carbons C1 and C2, which are refined in the atomic part of m40. 

The resulting group is put together from the real molecule position and two carbon atoms from the atomic part. The molecular rotations are defined with respect to the C1-C2 axis such that they describe the rotations of the terminal methyl groups. 

Real position                Atomic part       Resulting group   

                  H                                                    H
C1       C2       H  + C1        C2 = C1        C2       H
                  H                                                    H
The rotational z axis can be set with help of the “Molecular transformation” form. The vector defining the direction of the axis can be entered by coordinates or by pair of atom names from the atomic part of the m40 file. In the latter case the vector coordinates are calculated as the difference of the second and the first atom position.

2.5.6 Temperature Parameters

Jana98 works with following types of temperature parameters:

· isotropic or anisotropic temperature factors of individual atom

· TLS tensors for refining of molecular temperature parameters

· Gram-Charlier coefficients for description of the atomic displacement functions.

· (available only for standard structures)

The TLS tensors are used for the description of the temperature movement of a molecule. They are refined as molecular parameters and can also be modulated. There are several possibilities how to distribute the thermal parameters between the individual parameters of the model molecule and the molecular parameters of a specific molecular position:

· Both temperature parameters and their modulation refined as individual ones.

· The temperature parameters individual, their modulations molecular. 

· Both temperature parameters and their modulation molecular.

The m40 file with TLS tensors and their modulations is described in Figure 79 page E-24.

Figure 78
The Temperature Parameters Form

This tool can be used for the transformation between various types of temperature parameters. The last two lines are available only for structures with molecules.

[image: image87.png]Isotropic temperature factors to anisotropic ones
Anisotropic temperature factors to isotropic ones

Individual anisotropic temperature factors to TLS
TLS to individual anisotropic temperature factors





Figure 79
An Example of the m40 file with TLS Tensors



This example is extension of the molecular part of the m40 file shown Figure 71 page E-16. The names of the parameters are taken from  Table 11 page D-5.


Octahedr                    0.000000 0.631037 0.250000

As        1  0     0.500000 0.000000 0.631037 0.250000      000 -1 -1 -1

 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000      0000000000

F1        3  0     1.000000-0.099919 0.627170 0.499035      000 -1 -1 -1

 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000      0111000000

F2        3  0     1.000000 0.237283 0.552059 0.331158      000 -1 -1 -1

 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000      0111000000

O3        4  0     1.000000 0.259975 0.704294 0.334697      000 -1 -1 -1

 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000      0111000000

pos#1     1        1.000000                                 000  0  2  2

     0.00     0.00     0.00 0.000000-0.000004 0.000000      0000010

 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000

  T11      T22      T33      T12      T13      T23
 0.014132 0.001481 0.009300 0.000000 0.002228 0.000000      111010

  L11      L22      L33      L12      L13      L23
 0.010230 0.000595 0.005274 0.000000-0.001615 0.000000      111010

  S11      S21      S31      S12      S22      S32 
 0.002033 0.000000 0.000386 0.000000 0.000122 0.000000      101010

  S13      S23      S33
 0.000484 0.000000-0.002155                                 100

-0.011025 0.000000-0.026429 0.000000 0.013890 0.000000      101010

-0.001324 0.000000 0.003927 0.000000 0.001402 0.000000      101010

-0.031994 0.000000 0.020277 0.000000-0.003030 0.000000      101010

-0.001632 0.000000 0.003237 0.000000 0.001542 0.000000      101010

 0.000000 0.000000 0.000000-0.000385 0.000000 0.000300      000101

 0.001490-0.000001 0.000198 0.000000-0.000042 0.000000      111010

 0.000000 0.000000 0.000000 0.000100 0.000000 0.000384      000101

-0.000073-0.000076 0.000026 0.000000 0.000509 0.000000      111010

 0.000000 0.000000 0.000000 0.000663 0.000000-0.000181      000101

-0.001411 0.000087 0.000849 0.000000-0.000258 0.000000      111010

 0.000000 0.000000 0.000000 0.000393 0.000000-0.000257      000101

 0.002053-0.000102 0.001321 0.000000-0.001739 0.000000      111010

 0.000000 0.000164 0.000000 0.000363 0.000000 0.000164      010101

 0.000000 0.000431 0.000000                                 010

 0.000624 0.000000 0.001277 0.000000-0.000069 0.000000      101010

-0.000269 0.000000-0.000555                                 100

 0.000000 0.000956 0.000000 0.000350 0.000000 0.000342      010101

 0.000000-0.000608 0.000000                                 010

 0.000825 0.000000 0.001718 0.000000 0.000270 0.000000      101010

-0.000793 0.000000-0.001095                                 100

 0.000000
The Gram-Charlier coefficients are used for description of the anharmonic atomic displacement. They are available only for standard structures and can be used for the calculation of the probability density function and the joint probability density functions by contour. 

Figure 80
The Anharmonic Tensors Form

This tool can be used for adding or deleting of the Gram-Charlier coefficients for description of the atomic displacement parameters. It is accessible from the editm40 main menu, but only for standard structures. The user should cross the highest tensor order which will be used in the refinement. The 5th and 6th order tensors should be used only for very precise data. 
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Figure 81
An Example of the m40 File with Gram-Charlier Coefficients

This example is an extension of the atomic part of m40 by the anharmonic tensors. See Figure 67 page E-11 for the parameters which are not explained here. The names of the 5th and 6th order coefficients are listed in Table 11 page D-5.


Br1       3  4     0.500000-0.021574 0.500000 0.025345

 0.140783 0.073172 0.151774 0.000000 0.036687 0.000000      0101111010

  U11      U22      U33      U12      U13      U23


2nd  tensor coefficients
 0.061596 0.000000-0.028048-0.036717 0.000000-0.076363      101101

  C111     C112     C113     C122     C123     C133


3rd tensor coefficients
 0.000000 0.054106 0.000000 0.011719                        0101

  C222     C223     C233     C333
-0.204061 0.000000-0.111920-0.011434 0.000000-0.085191      101101

  D1111    D1112    D1113    D1122    D1123    D1133


4th tensor coefficients
 0.000000 0.008705 0.000000-0.064569 0.212322 0.000000      010110

  D1222    D1223    D1233    D1333    D2222    D2223
-0.037611 0.000000-0.332275
  D2233    D2333    D3333   

2.5.7 The m40 File of a Composite

The number of the composites is determined by the key ncomp  in the basic crystal information part of the m50 file. The relation between the composite parts is defined by the key wmatrix in the same file. The structure of the m40 file is the same as in previous examples except the header. 

Figure 82
The m40 file of a Composite






                       (((     (((
    2    0    4    0    0    1

 2.018373 0.000000 0.000000 0.000000 0.000000 0.000000      100000

 0.000000

 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000      000000

 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000      000000

Cu3       2  2     0.250000 0.250000 0.500000 0.411729      000  0  2  0

 0.003633 0.014991 0.038429 0.000000 0.000000 0.000000      0001111000

 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000      000000

 0.000000 0.000000-0.004381 0.000000 0.000000-0.000478      001001

 0.000000                                                   0

O31       3  2     0.500000 0.138088 0.500000 0.911579      000  0  2  0

 0.005802 0.025042 0.040320 0.000000-0.000217 0.000000      0101111010

 0.000000-0.018516 0.000000 0.000000 0.000886 0.000000      010010

 0.000165 0.000000-0.010134 0.001666 0.000000 0.008425      101101

 0.000000                                                   0

Sr1       1  2     0.500000 0.500000 0.379118 0.250000      000  0  2  2

 0.003084 0.003777 0.004647 0.000000 0.000332 0.000000      0010111010

-0.001380 0.000000 0.027145 0.000000-0.002329 0.000000      101010

-0.001204 0.000000 0.005127 0.000000-0.000367 0.000000      101010

 0.000000 0.000000 0.000000 0.000568 0.000000 0.000545      000101

 0.000537-0.000204 0.004526 0.000000-0.001025 0.000000      111010

 0.000000 0.000000 0.000000 0.000016 0.000000 0.000428      000101

 0.000382 0.000083 0.002215 0.000000-0.000342 0.000000      111010

 0.000000                                                   0

Cu11      2  2     0.500000 0.165562 0.250000 0.251157      000  0  2  0

 0.001754 0.010143 0.003285 0.000000-0.002600 0.000000      0101111010

 0.000000-0.001747 0.000000 0.000000-0.004030 0.000000      010010

-0.000849 0.000000-0.000686-0.000550 0.000000-0.000285      101101

 0.000000                                                   0

O11       3  2     0.500000 0.170184 0.250000 0.744511      000  0  2  0

 0.003553 0.022622-0.002428 0.000000-0.005947 0.000000      0101111010

 0.000000-0.002642 0.000000 0.000000 0.002326 0.000000      010010

 0.000581 0.000000 0.000015 0.000551 0.000000-0.000152      101101

 0.000000                                                   0

O2        3  2     0.250000 0.500000 0.250000 0.750000      000  0  2  0

 0.007134 0.024049 0.008364 0.000000-0.002584 0.000000      0000111010

 0.000000 0.000000 0.000000 0.000000-0.013718 0.000000      000010

 0.000783 0.000000-0.001805 0.000000 0.000000 0.000000      101000

 0.000000                                                   0

2.5.8 The Modulation Functions
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2.5.9 The Extinction Parameters
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2.6 Program fourier 

Input: m40,m50,m80 

Output: m81,m47,m48,fou

M50 control keywords: the section between the keywords fourier and end
Figure 83
The basic Window of fourier 
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2.6.1 The Description of fourier 

fourier  calculates multidimensional electron density maps and searches them for local maxima and minima. In the case of the modulated structures it is able to assign modulation waves to the found maxima. It prepares input file m81 for the contour program which is used for visualising the maps and it also prepares list of maxima and minima, which can be used as an input for EditM40 or dist. The communication of fourier with other programs of Jana98 is elucidated in § 1.3.3 page A-38 and in Figure 17, page A-40.

fourier is usually used together with contour, which visualise the Fourier maps. Various examples of the fourier usage are therefore showed in the chapter containing  the description of the contour program (see § 2.7 page G-1). 

The description of the fourier run

· fourier reads the input files m40, m50 and m80. The Fourier  reflection file m80  is necessary for running the program. It should be created by Refine  before running fourier. Refine creates m80 during the last cycle of the refinement. If the refinement reflection file m40 is empty, Refine prepares m80 for the calculation of the Patterson map.

· fourier interprets the control commands written in the m50 file and calculates the maps. The type of the maps is defined by the maptype control command. The two dimensional sections by 3+d dimensional electron density map are stored in the m81 file in order defined by the orient control command. The independent region of the elementary cell for the calculation of the Fourier/Patterson map is determined automatically by the program, but it can also be explicitly specified by control commands. 

· fourier searches the maps for local minima and maxima. In the case of the modulated structures it assigns modulation waves to the maxima. The number of maxima and minima to search is controlled by the positive and negative commands. The maxima and minima are stored in the m48 and m47 files, respectively. Both m47 and m48 files are readable by EditM40 and dist programs. 

· fourier writes fourier listing fou. 

2.6.2 Fourier Control Commands

The control commands should be entered to the m50 file after the heading “fourier” (see § 2.3.8 page C-8). The following table lists the fourier control commands and their usage. 

Table 14
fourier control commands

CALCULATING THE ELECTRON DENSITY MAP

name
description

MAPTYPE
Syntax:  maptype flag
Default value:  maptype 2

Type of the Fourier syntheses

flag = 1 
Patterson map (F2obs  coefficients) 

flag = 2 
Fourier map (Fobs coefficients) 

flag = 3 
Checking Fourier (Fcalc coefficients) 

flag = 4 
Difference Fourier (Fobs - Fcalc coefficients) 

flag = 5 
Checking Patterson  (F2calc coefficients) 

flag = 6 
-synthesis (F2obs Fcalc coefficients) 

flag = 7 
-synthesis  (F2obs/Fcalc coefficients) 

flag = 8
Difference Patterson (F2obs - F2calc coefficients) 

flag = 9 
Shape functions (The coefficients = 1) 


Table 14 (continued)

ORIENT
Syntax:  orient code
Default value:  the most effective orientation for the calculation of the maps

This key defines two dimensional sections by the electron density map and the order of their storage in the m81 file. The code consists of three (or more for 3+d structures) sequence numbers of the basic cell vectors. The sections can be visualised by contour, which reads them from the m81 file in the order defined by the orient key. 

Example 1:
orient 123

The plane of the section is defined by a and b cell vectors. The horizontal axis of  the section runs along a. The sections are stored in m81 file by ascending order of the z coordinate (the step in z coordinate can be defined by step or x3lim command)

Example 2:
orient 1432

This key is valid for 3d+1 structures. The plane of the section is defined by a cell vector and the 4th axis. The sections are stored in m81 file by ascending order of y coordinate such that each section in y  is followed by all  z sections for this value. 

Another examples are presented together with the contour program description (see § 2.7 page G-1  )

XLIM

YLIM

ZLIM

X1LIM

X2LIM

X3LIM

X4LIM

X5LIM

X6LIM

Syntax:  xlim min max step
Default value:  The independent volume of the elementary cell, step 0.25 Å

These keys set the limits and steps for the calculation of the maps. The xlim, ylim and zlim are synonyms for x1lim, x2lim and x3lim used for modulated structures. These keys are usually used together with the center command. 

Example:
xlim 0 0.5 0.1


ylim 0 0.5 0.1


zlim 0 0.5 0.1


Sets the limit such that the map will be calculated in one quarter of the unit cell. The step for the calculation 0.1Å such that there will be 0.5*c /0.1 sections in z  direction.  

Another examples are presented together with the contour program description (see § 2.7 page G-1  )

STEP
Syntax:  step number
Default value:  step 0.25

Sets step in Å for calculation of the maps. This step can also be changed separately for single axis by xlim, ylim  etc. commands. 

Table 14 (continued)

CENTER
Syntax:
center x1 x2 x3

center at
Default value:  none

Defines the central point of the map. It is used together with the xlim keys and the scope key to defined the area for the calculation of the map. The central point can be defined by fractional coordinates x1, x2 and x3 or by the name of some atom present in the m40 file. If the atom is a part of a model  molecule, its position should be specified by the discriminative character appended to the atom name (see § 1.2.4 page A-31).

See the scope key for examples. 

SCOPE
Syntax: scope rx ry rz
Default value:  scope 0.5 0.5 0.5

This command is used together with the center key for definition of the area for the calculation of the map. The numbers defines the size of the map along a, b and c axis, respectively. In the case of 3+d structures the information given by the scope command should be extended by the x4lim, x5lim and x6lim commands. 

Example 1:
center As


scope 2 2 1


orient 123

The area with the middle point in the arsenic atom and the dimensions (1Å along a axis, (1Å along b axis and (0.5Å along c axis is defined. The plane of the section is ab, will be 1/0.25 = 4, where 0.25 is the default step.

Example 2:
center As


scope 2 2 1 step 0.2


orient 123


The  same as in the example 1 excepting the number of the sections in z direction. As the step command is valid for all axis, it also affects the calculation of the single sections.  

Example 3:
center As


scope 0.5 0.5 2


x4lim 0 1 0.1


orient 3412

This example prepares the Fourier map suitable for plotting of the modulation function of z coordinate of the arsenic by the contour program. See § 2.7 page G-1 for more information. 

SNLMN

SNLMX
Syntax: snlmn number
Default value:  
snlmn 0


snlmx 10

Sets minimum (maximum) value of sin/ for acceptance of the reflections for  the calculation

Table 14 (continued)

CUTTING
Syntax: cutting number
Default value:  cutting 0

The reflections with |Fobs| > |Fcalc| * number will not be used for the calculation.

ADDBORD
Syntax: addbord flag
Default value:  addbord 1

If the flag is set to 1, one step is added to the volume in which the map is calculated. The scope command  automatically switches off the addbord flag. 

SUBSYS
Syntax: subsys number
Default value:  subsys 1

Selects the composite for which the Fourier map will be calculated. 

METHOD
Syntax: method flag
Default value:  method 0

Selects the method for the calculation of the Fobs in the case of a twin. The Fourier map is calculated for the first twin domain. The observed structure factors must be recalculated as if the whole crystal would consist only of the 1st twin. There are two ways how to do it:

flag = 0


, where n is number of twin domains and vi is volume fraction

flag = 1


, where p1 is the portion of the first twin domain



UISO

BISO
Syntax: uiso number
Default value:  
uiso 0


biso 0

The additional temperature factor in U or Beta form used for sharpening of the Patterson syntheses

CALC
Syntax: calc flag
Default value:  calc 1

If the flag is set to zero, fourier  doesn’t calculate the map assuming that it was already calculated. It can be used for searching the map for the local extremes without its calculation. 

PEAKS
Syntax: peaks flag
Default value:  peaks 1

If the flag is set to zero, fourier doesn’t search the map for the local extremes. 

Table 14 (continued)

SEARCHING THE MAP FOR LOCAL EXTREMES

name
description

POSITIVE
Syntax: positive number
Default value:  number = n+5, n depends on the map type
. 

The maximal number of positive peaks to be found in the map.

NEGATIVE
Syntax: negative number
Default value:  negative 5

The maximal number of negative peaks to be found in the map.

DMAX
Syntax: dmax number
Default value:  dmax 1

The limit in Å for distinguishing two different maxima

HARMONIC
Syntax: harmonic number
Default value: harmonic 1 

The number of harmonic waves used for the construction of the curve representing the position of the maximum. Using more than 2 harmonics is NOT recommended. 

2.6.3 The m48 and m47 Files

fourier stores local maxima and minima of the map to the m48 and m47 file. The maxima for modulated structures are saved together with modulation parameters calculated from the map. The peaks searching procedure is controlled by commands positive, negative, harmonic and dmax .

The distances between atoms of the structure and the found peaks can be calculated by dist program, which can directly read both m47 and m48 file. The positive maxima can be added to the m40 file by EditM40, which can read the m48 file. In the case of modulated structures the modulation parameters are added together with the coordinates of the maxima such that the refinement can start with the starting point calculated from the map. 

Figure 84
The m48 File for Standard  Structure




(The parameters are described in Figure 66 page E-10 and Figure 67 page E-11}

    5                   1

 1.000000

 0.000000

 0.000000

 0.000000

max1      1  1     1.000000 0.645068 0.246540 0.316120      000  0  0  0

 3.000000

max2      1  1     1.000000 0.639513-0.004785 0.367886      000  0  0  0

 3.000000

max3      1  1     1.000000 0.687612 0.037253 0.368470      000  0  0  0

 3.000000

max4      1  1     1.000000 0.703086 0.253187 0.305873      000  0  0  0

 3.000000

max5      1  1     1.000000 0.632785 0.105741 0.343064      000  0  0  0

 3.000000

Figure 85
The m48 File for Modulated Structure




(The parameters are described in Figure 66 page E-10 and Figure 67 page E-11}

    4                   1

 1.000000

 0.000000

 0.000000

 0.000000

max1      1  1     1.000000 0.072093 0.370162 0.666232      000  0  1  0

 3.000000

 0.034325 0.002908-0.010730 0.006872-0.009755-0.014637

 0.000000

max2      1  1     1.000000 0.242085 0.212733 0.152491      000  0  1  0

 3.000000

-0.004784-0.021230-0.013531-0.060348-0.021528-0.081200

 0.000000

max3      1  1     1.000000 0.081891 0.373225 0.518970      000  0  1  0

 3.000000

 0.101414-0.006506 0.056510-0.031413-0.029077-0.034423

 0.000000

max4      1  1     1.000000 0.230782 0.064043 0.117471      000  0  1  0

 3.000000

-0.031754-0.000731 0.031050 0.007749-0.026178 0.021138

 0.000000

Figure 86
The m47 File for Both Ordinary and Modulated Structure




(The parameters are described in Figure 66 page E-10 and Figure 67 page E-11}

    4                   1

 1.000000

 0.000000

 0.000000

 0.000000

min1      1  1     1.000000 0.041514 0.425487 0.748936      000  0  0  0

 3.000000

min2      1  1     1.000000 0.004098 0.313358 0.716243      000  0  0  0

 3.000000

min3      1  1     1.000000-0.000985 0.032555 0.749904      000  0  0  0

 3.000000

min4      1  1     1.000000-0.003849 0.482830 0.750187      000  0  0  0

 3.000000

2.6.4 Fourier Listing

fourier creates listing fou containing information about Fourier calculation. It is wide FORTRAN listing - see § 1.2.5 page A-32 for the information how to print it. 

Figure 87
The Fourier Listing for Standard Structure

Program for n-dimensional Fourier synthesis                                                                             page =  1

structure : SCHIFF DO 22 ST.                                                                                    13:56:17 07-Mar-97

                                                                                            

The following lines were read as a control data :        

=>maptype 4 snlmn 0.04 snlmx 0.668<=                                                

=>end<=                                                                             

Centrosymmetric space group : Pbna

Wave length :   0.56090

Cell parameters        :   19.9510   7.1700  19.7610    90.00    90.00    90.00    Volume :     2826.8

List of centring vectors :

  0.000000  0.000000  0.000000

Symmetry operators :

    x     y     z

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

1/2+x     y 1/2-z

    x 1/2-y    -z

Atomic scattering tables :

Br    1.000    0.090    1.643        34.993   34.292   32.458   30.094   27.741   25.657   23.864   22.293

                                     20.872   19.552   18.301   17.105   15.960   14.871   13.844   12.886

                                     12.004   11.201   10.476    9.829    9.256    8.750    8.307    7.920

                                      7.580    7.283    7.020    0.000    0.000    0.000    0.000    0.000

Zn    1.000    0.260    0.938        29.985   29.406   27.940   26.115   24.271   22.482   20.733   19.033

                                     17.417   15.916   14.551   13.326   12.239   11.284   10.451    9.729

                                      9.109    8.578    8.126    7.740    7.410    7.126    6.877    6.657

                                      6.457    6.273    6.101    0.000    0.000    0.000    0.000    0.000

. . . . . . . . . . 

C    12.000    0.000    0.001         5.999    5.749    5.108    4.310    3.560    2.950    2.494    2.171

                                      1.948    1.794    1.686    1.604    1.537    1.479    1.425    1.373

                                      1.321    1.270    1.218    1.167    1.115    1.064    1.014    0.964

                                      0.916    0.869    0.823    0.000    0.000    0.000    0.000    0.000

H    18.000    0.000    0.000         1.000    0.960    0.854    0.713    0.568    0.438    0.331    0.248

                                      0.184    0.138    0.103    0.078    0.060    0.046    0.036    0.028

                                      0.022    0.018    0.014    0.011    0.009    0.007    0.006    0.005

                                      0.005    0.004    0.004    0.000    0.000    0.000    0.000    0.000

Type of map : 

              F(obs)-F(cal) - difference Fourier

Limits of sin(th)/lambda for acceptance are :  0.040000  0.668000

x3 from 0.2375 to 0.7625 step 0.0125

x1 from -.0125 to 1.0125 step 0.0125

x2 from -.0357 to 0.2857 step 0.0357

Orientation : (312)

Searching of positive peaks - maximum number of peaks to be found :   5

The list of positive peaks written to the file m48


       x         y         z              rho   rel                                                                                 

  1.  0.645068  0.246540  0.316120        0.89  952                                                                                 

  2.  0.639513 -0.004785  0.367886        0.84  898 =Br                                                                             

  3.  0.687612  0.037253  0.368470        0.80  856                                                                                 

  4.  0.703086  0.253187  0.305873        0.76  813                                                                                 

  5.  0.632785  0.105741  0.343064        0.74  791                                                                                 

Searching of negative peaks - maximum number of peaks to be found :   5

The list of negative peaks written to the file m47

Program for n-dimensional Fourier synthesis                                                                             page =  2

structure : SCHIFF DO 22 ST.                                                                                    13:56:17 07-Mar-97

       x         y         z              rho   rel                                                                                 

  1.  0.656224  0.018561  0.404240        0.97-1037                                                                                 

  2.  0.673939  0.173086  0.739653        0.94-1005                                                                                 

  3.  0.347827 -0.013240  0.704094        0.88 -941                                                                                 

  4.  0.675548  0.147857  0.651576        0.81 -866                                                                                 

  5.  0.619414  0.018247  0.340039        0.72 -770                                                                                 

Figure 88
The Fourier Listing for Modulated Structure


(The listing differs from the one for ordinary structures only in the part which 
reports on the searching of the peaks.)


 Type of map : 

+              F(obs)-F(cal) - difference Fourier

 Limits of sin(th)/lambda for acceptance are :  0.000000 10.000000

 x2 from -.0156 to 0.5156 step 0.0156

 x3 from -.0400 to 1.0400 step 0.0400

 x1 from -.0500 to 0.3000 step 0.0500

 x4 from 0.0000 to 1.0000 step 0.1000

 Orientation : (2314)

0Searching of positive peaks - maximum number of peaks to be found :   6

                 x4= 0.000                                 x4= 0.100                                 x4= 0.200                       

 peak/atom    x       y       z       rho |peak/atom    x       y       z       rho |peak/atom    x       y       z       rho |      

    1/   1  0.1023  0.3613  0.6799    1.72|   1/   1  0.0471  0.3664  0.6105    1.17|   1/   1 -0.0166  0.3618  0.8476    1.42|      

    2/   2  0.2084  0.1744  0.0899    1.59|   2/   4  0.1016  0.3464  0.4784    1.00|   2/   0  0.1468  0.2829  0.7352    1.05|      

    3/   3  0.0007  0.3641  0.7526    1.10|   3/   2  0.2119  0.1766  0.0985    0.98|   3/   0  0.1136  0.4133  0.5923    0.92|      

    4/   4  0.0891  0.3510  0.4695    1.00|   4/   0  0.1035  0.1920  0.1954    0.88|   4/   2  0.2119  0.2082  0.1197    0.91|      

    5/   0  0.0952  0.1911  0.1911    0.93|   5/   0  0.2041  0.0370  0.1338    0.86|   5/   4  0.1100  0.3325  0.6060    0.86|      

    6/   0  0.2049  0.0371  0.1237    0.76|   6/   0  0.2025  0.2644  0.8239    0.82|   6/   0  0.0428  0.1010  0.8405    0.84|      

1Program for n-dimensional Fourier synthesis                                                                             page =  2

 structure : Testa                                                                                               13:29:34 07-Mar-97

                 x4= 0.300                                 x4= 0.400                                 x4= 0.500                       

 peak/atom    x       y       z       rho |peak/atom    x       y       z       rho |peak/atom    x       y       z       rho |      

    1/   0  0.1553  0.2830  0.7402    1.36|   1/   1  0.0327  0.3775  0.8340    1.46|   1/   1  0.0848  0.3796  0.6880    1.49|      

    2/   1 -0.0006  0.3663  0.8478    1.35|   2/   2  0.1633  0.2842  0.7505    1.30|   2/   0  0.0050  0.3948  0.2480    0.91|      

    3/   2  0.2125  0.2073  0.1378    1.12|   3/   4  0.2073  0.3797  0.5836    0.91|   3/   2  0.1806  0.2833  0.7597    0.91|      

    4/   0  0.2490  0.4409  0.9355    0.85|   4/   0  0.1905  0.2072  0.1449    0.90|   4/   4  0.1023  0.3935  0.4686    0.79|      

    5/   0  0.1833  0.3436 -0.0114    0.79|   5/   0  0.1409  0.3926  0.4471    0.80|   5/   0  0.2074  0.3825  0.5938    0.76|      

    6/   0  0.1699  0.2015  0.2683    0.78|   6/   0  0.2185  0.0382  0.2314    0.76|   6/   0  0.2407  0.0985  0.1237    0.75|      

                 x4= 0.600                                 x4= 0.700                                 x4= 0.800                       

 peak/atom    x       y       z       rho |peak/atom    x       y       z       rho |peak/atom    x       y       z       rho |      

    1/   1  0.1083  0.3779  0.7093    1.41|   1/   1  0.0052  0.3646  0.6505    1.32|   1/   0  0.2006  0.1742  0.0791    1.61|      

    2/   3  0.0530  0.3793  0.8150    1.15|   2/   3  0.1323  0.3757  0.7241    1.27|   2/   1  0.0933  0.3611  0.6860    1.50|      

    3/   4  0.0679  0.4081  0.6030    0.88|   3/   2  0.2145  0.2365  0.1433    0.91|   3/   2  0.2480  0.2366  0.1625    0.86|      

    4/   0  0.1077  0.0802  0.7079    0.87|   4/   0  0.2039  0.1735  0.0639    0.85|   4/   0  0.1084  0.1118  0.6631    0.76|      

    5/   0 -0.0227  0.3936  0.0386    0.79|   5/   0  0.2510  0.0643  0.0646    0.84|   5/   0  0.0462  0.3605  0.4441    0.74|      

    6/   0  0.2158  0.2362  0.1373    0.71|   6/   0  0.0981  0.0808  0.7128    0.79|   6/   0  0.2205  0.0661  0.0877    0.71|      

                 x4= 0.900                                 x4= 1.000                                                                 

 peak/atom    x       y       z       rho |peak/atom    x       y       z       rho |                                                

    1/   0  0.2025  0.1741  0.0852    1.92|   1/   1  0.1023  0.3613  0.6799    1.72|                                                

    2/   1  0.1003  0.3607  0.6823    1.87|   2/   0  0.2084  0.1744  0.0899    1.59|                                                

    3/   0  0.0729  0.3599  0.4480    0.96|   3/   3  0.0007  0.3641  0.7526    1.10|                                                

    4/   0  0.1391  0.4548  0.7953    0.96|   4/   0  0.0891  0.3510  0.4695    1.00|                                                

    5/   0  0.0962  0.1116  0.6805    0.88|   5/   0  0.0952  0.1911  0.1911    0.93|                                                

    6/   0  0.0699  0.1935  0.1759    0.75|   6/   0  0.2049  0.0371  0.1237    0.76|                                                

0The list of positive peaks written to the file m48

 These peaks were succefully interpreted with 1 harmonic wave(s)

        x         y         z              rho   rel                                                                                 

   1.  0.072093  0.370162  0.666232        1.49  748                                                                                 

   2.  0.242085  0.212733  0.152491        1.07  537 =O3                                                                             

   3.  0.081891  0.373225  0.518970        0.91  457 =F1                                                                             

   4.  0.230782  0.064043  0.117471        0.81  406 =F2                                                                         

A Part A
2.7 Program ContoUR 

Input: [m40],m50,[m81]

Output: HPGL file, PostScript file, PCX file or SciAn file

M50 control keywords: none

Figure 89
The basic Window of contour 
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2.7.1 The Description of contour 

contour produces the contours plots of Fourier maps in the direct space for regular and modulated structures. It can also make electron density plots based on refined parameters for regular structures including Gram-Charlier expansion terms up to 6th order. contour doesn’t make 3d visualization of electron density, but it can generate input files for the program SciAn. 

contour is fully interactive program and doesn’t need any control commands in the m50 file. Its usage is  slightly different depending if the structure is ordinary or modulated one. The main menu for modulated structures contains only two first items. 

Following list summarises  the basic tasks which can be done with contour.

· Drawing Fourier maps from the m81 file

· Drawing general sections

· Drawing modulation functions

· Drawing (joint) probability density functions (only for standard structures)

2.7.2 Drawing Fourier Maps from the m81 File

The first point of the main contour menu allows the user to plot two dimensional electron density sections stored in the m81 file by fourier. The section planes and the order of the sections depends on fourier control command orient (see Table 14 page F-2). 

When the item “Fourier map(s) from m81 file” is selected, the first section is plotted and the operating buttons on the right of the basic window are enabled. Their functions are common for most types of the contour plots and are described in the following figure. 

Figure 90
The Operating Buttons of the contour Window
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2.7.3 The Contour Options and Contour Tools 

The “Options” button of the basic contour window opens the menu containing various options and tools. They are common for m81 plots, general sections and electron/probability density plots. The menu differs for ordinary and modulated structures. 

Figure 91
The Contour Options Menu for Ordinary Structures
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Figure 92
The Contour Options Menu for Modulated Structures
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Figure 93
The Contour Definitions Menu 

The units of the contour intervals are e/Å3.

The contour intervals are set automatically with respect to the highest maximum found in the map. The maxima from all layers are taken into account. If there is some strong maximum in some layer, the default contour interval can be too rough for the rest of the sections and needs to be changed. 
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Figure 94
contour: A Strong Maximum Affected by the “Positive Cutoff” Limit.
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Figure 95
Searching for extremes 

The area which the program searches for extremes is defined by conjunction of up to 5 rectangles.If there is more parallel sections contour searches all of them. In the case of the general section there is another tool available for searching the maxima in the whole map, i.e. in all sections of the general section scope.
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The search results:

(Rho  is the peak height in e/Å3)
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Figure 96
Selecting Path for Electron Density and Potential Plots 

The sections  through the maxima are defined by the polyline drawn to the contour plot.
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Figure 97
An Example of the Electron Density Curve 
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Figure 98
An Example of the Potential Curve 

These curves play an important role in a study of anharmonic effects in the crystal. The program can estimate errors either by extrapolating from the error map or directly by applying the Monte Carlo method for the selected path. Such error curve can help to make conclusions from density or potential curves.
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Figure 99
Usage of the Locator 


[image: image103.png]0.606 0.115 CONTOUR 0.0916 0.5548 0.3124

Atomic distances to the point : 0.0916 0.5548 0.3124

c? I 0.794 | x,y,2
c12 I 0.950 | x,y,2

Fourier maps general section : 1 of 1





2.7.4 Drawing General Sections

The m81 file contains a set of two dimensional sections by electron density map. The sections are calculated by fourier  according to the orient control command. The section plane definition is restricted by condition  that the plane has to be parallel with two cell vectors. 

contour  allows to recalculate the sections such that they are parallel to arbitrary user defined plane. This plane is called the general section plane and can be defined with help of the Plane form. 

Figure 100
The contour Plane Form 

This form is used for the definition of the general section plane. The plane is defined by three points which can be entered as atom names, by  coordinates or as combination of points and shift vectors. The text boxes in the same row of the form are NOT independent: if one of them is changed and the change is confirmed by the TAB key, the content of the remaining boxes is adopted. Moreover, if coordinates are typed to the “atom name” field, they are automatically moved to the “coordinates” field. 

The atom names may contain the molecular position discrimination characters and internal symmetry codes (see § 1.2.4 page A-31 for explanation).
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If the map calculated by fourier is a complete one, i.e. if it has been calculated in the whole independent volume of the 3+d space, the sections can be arbitrarily expanded or translated. Another information is therefore requested about the area of the general plane which should be visualised by contour. This area is called scope and is defined by the origin and the length (in Å) of x and y plot axes in the Scope form. 

The scope definition also contains information about the “width” of the section and the interpolation step. The width is entered as the length of the plot z axis in Å. The number of sections perpendicular to this axis and calculated by contour is equal to the width divided by the interpolation step. 

The contour options menu contains the tool for searching maxima in selected region of the section which is currently on the screen. In the case of the general section there is another tool for searching the maxima in the whole map, i.e. in all sections of the general section scope.

Figure 101
The Scope Form

This form is used for the definition of the general section area and position. 
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Figure 102
The Scope Definition and Contour Plot Orientation

The Cartesian axis used by contour  for plotting are e1, e2 and e3. The measurement unit is Å. 

The general section plane e1 e2 comprises three points AT1, AT2 and AT3 defined in the Plane form. The line AT1 - AT2 is parallel to e1. 

The section dimensions s1, s2 and s3, the shift o1, o2 and o3 of the point AT1 with respect to the origin and the interpolation step are defined in the Scope form. 























General section for ordinary structure. 

Following example shows a general section defined by three points AT1, AT2 and AT3 calculated with scope s1=8Å, s2=10Å and s3=1Å and with shift vector of the first point (4,5,0.5). Because the structure fragment is not exactly planar, all sections in the e3 direction were superimposed by means of the “Define summation limits” point of the Contour options menu. Plotting of the strongest maximum was suppressed by the “positive cutoff” limit entered in the Contour definitions menu. 

Figure 103
An Example of the General Section for Ordinary Structure
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Figure 104
The Summation Limits Form for Ordinary Structure
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General section for modulated structure

The general plane definition, section dimensions and position are entered by the same way as the ones for ordinary structures. The situation is however more complicated as there is possibility to sum the maps not only along the e3 axis but also along the x4. The decision must be also made if the maps will be transformed to the t-maps to get realistic 3 dimensional look of the section. The sequence of the calculation steps is NOT arbitrary:

· Summed maps cannot be transformed to the t-maps

· t-maps cannot be transformed back to the x4-maps

Figure 105
The Contour Options Menu for Modulated Structures
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Figure 106
The Contour Summation Limits Form  for Modulated Structures
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In Figure 107 an example is shown of the general section by strongly modulated carbon chain. The maps were first transformed to the t maps in order to work with realistic 3 dimensional sections. Then the maps were summed along the e3 direction. 

Another part of the figure shows the same case with the summation done both along the e3 and x4 direction. The resulting plot shows average position of the chain and hides information about its modulations in single sections. 

Figure 107
An Example of the General Section for Modulated  Structure

The sections were transformed to the t-maps and summed along e3 direction. This is the plot for t=0.
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The result of the additional summing along the x4 direction.
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2.7.5 Drawing Modulation Functions

contour  allows to draw modulation functions for one or more atoms. This feature is especially useful for diagnosing the special modulation functions. The electron density map should be calculated in volume centred by the atom in question by the center command. The proper section definition and dimensions should be defined by fourier  orient, scope and x4lim commands as there is NOT possibility to change the section orientation by contour  for this special case. contour  automatically recognises that the m81 file contains data for plotting of the modulation functions, skips the main menu and plots immediately the first section. 

Figure 108
The Contour Options Menu for Plotting of Modulation Functions
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Figure 109
The Summation Limits Form  for Plotting of Modulation Functions

The x4 axis and one of x1,x2 and x3 axes lay in the plane of the section. The width of the map in the remaining directions is usually small and the sections are usually summed in both directions. 
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Figure 110
An Example of the Modulation Function Plot
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Figure 111
Changing the length of the additional vector

This example shows the same plot as in the  previous figure with the length of the x4 vector changed from 2Å to 4Å. 

2.7.6 Drawing (Joined) Probability Density Functions

[image: image116.png]1S

PERMANENTNE





This chapter is being prepared

A Part 

2.8 Program dist
Input: m40, m50, [m47],[m48]

Output: m61,dis

M50 control keywords: the section between the keywords dist and end
2.8.1 The Description of dist 

dist calculates distances, angles, torsion angles and best planes for a structure model defined in the m40 file. It can also use the coordinates of Fourier maxima and minima stored by fourier in the m47 and m48 files (see §2.6.3 page F-6). For modulated structures dist calculates distances and angles as function of the t coordinate. It is also able to calculate the distances and angles for composites. 

The results are written to wide FORTRAN listing dis (see §2.8.3 see H-5) in economical newspaper columns form. For printing of such listing it is necessary to honour the rules for interpretation of the FORTRAN carriage control characters (see §1.2.5 page A-32). dist also writes long listing m61 with complementary information (see § 2.8.4 page H-16). 

The distances and angles are calculated for each central atom. The central atoms can be selected by the select control command. If this command is not used, all atom from the m40 file (and possibly from m47 and m48 files) are supposed to be central ones. 

The minimum limit for distances is 0 or the one set by dmin control command. The maximum limit is taken from the m50 file (dmax key in the basic crystal information part, see page C-9), but it can be also redefined by dist control command dmax. 

The communication of dist with other programs of Jana98 is elucidated in § 1.3.3 page A-38 and in Figure 17, page A-40.



2.8.2 Dist Control Commands

The dist calculation is controlled by commands written by user to the m50 file (see § 2.3.8 page C-8). The following table summarises all user commands of dist. 

Table 15
The Table of the dist   Control Commands

BASIC COMMANDS

name
description

DMIN

DMAX
Syntax:
dmin number


dmax number
Default value:
dmin 0


dmax the same as the dmax field in the basic crystal information part of the  m50 file (see 

Figure 46
 page C-9)

The limits for distances calculation in Å. Only distances and angles  between dmin and dmax will be calculated for specific central atom. 

Note that the lower distances limit is overall while the upper one can differ for each chemical type. If the dmax control command is used, the upper distances limit is overall too. 

SELECT
Syntax:  select atoms
Default value:  select *

Select the central atoms for the calculation. The wildcards are permitted. 

INCLUDE
Syntax:  include flag
Default value:  include 0

Includes the Fourier maxima/minima files to the calculation

flag = 0
the Fourier maxima/minima won’t be used

flag =1
includes the m48 file with positive Fourier peaks

flag =2
includes the m47 file with negative Fourier peaks

flag =3
includes both m47 and m48 file

ANGLES
Syntax:  angles flag
Default value:  angles 0

Sets calculation of angles

flag = 0
The angles won’t be calculated

flag =1
The angles will be calculated

FULLCOOR
Syntax:  fullcoor flag
Default value:  fullcoor 1

flag = 0
the specific distance will be calculated and printed only once. The coordinations of some central atoms in the dis listing therefore will be uncompleted. 

flag = 1 
full coordination will be calculated for each central atom

Table 15 (Continued)

ROUND
Syntax:  round flag
Default value:  round 0

flag = 0
no rounding 

flag = 1 
the distances and e.s.d.’s will be rounded to to the first significant value. 

TORSION
Syntax:  torsion at1 at1 at3 at4

Default value:  none

Sets calculation of torsion angle. It is defined as the angle of vectors at2‑at1 and at3-at4 projected along at2-at3. The command can be repeated to calculate several torsion angles. The at1 at2 at3 at4 are names  of atoms used by dist  for calculation (see description of dist listing, page H-5). 

               at4

at1      at2

        (at3}

                  

PLANE
Syntax:  plane n1 n2 at2 at2 …. atn2

Default value:  none

Sets calculation of best planes. The plane is defined by names  of atoms used by dist  for calculation (see description of dist listing, page H-5). First n1 atoms of the list are used for the definition of the plane. The distances from the plane are calculated for all atoms of the list (n2 atoms). 

· The plane command must appear after the commands controlling distances and angles calculation.

· The list of atoms can continue on arbitrary number of lines

· The command can be repeated to calculate several best planes

If there is more than one best plane defined dist  calculates angles between them. 



SPECIAL COMMAND FOR MODULATED STRUCTURES

name
description

NOOFT

Syntax:  nooft number
Default value:  nooft 100

The number of equidistant t values used for calculation of distances and angles. This key is connected with each command. 

EACHi
Syntax:  each number
Default value:  each 10

The step for the printing of the t functions to the listing. For default setting each 10th value will be printed. This key is connected with nooft command.


Table 15 (Continued)
TZERO

Syntax:  tzero number
Default value:  tzero 0

The initial value of t . 

TTABLES
Syntax:  ttables flag
Default value:  ttables 0

Sets output of the comprehensive table of coordination os function of the t coordinate. This command is especially useful for composites (see Figure 117 page H-13). 

flag = 0

off

flag = 1 
on

OCCUT
Syntax:  occut number
Default value:  occut 0

The lower limit of occupation for which the distances will be calculated. This key is useful for structures with occupation modulation. 

OCCIND
Syntax:  occind number
Default value:  occind 0.1

The distances of atoms with occupation less than number will be indicated in the dist  listing by “*”. 

2.8.3 Dist Listing

dist creates listing dis containing the distances and angles. It is wide FORTRAN listing - see § 1.2.5 page A-32 for the information how to print it. 

The form of the listing differs depending if the structure is modulated or ordinary one. 

Special treatment needs the composite structures. 

Figure 112
Simple dist Listing for Ordinary Structure

Calculating of distances, angles, torsion angles and best planes                                                        page =  1

structure : cro2h2o                                                                                             09:03:54 07-Mar-97

Non-centrosymmetric space group : P63

Wave length :   0.71073

Cell parameters        :    5.5000   5.5000  14.1630    90.00    90.00   120.00    Volume :      371.0

List of centring vectors :

  0.000000  0.000000  0.000000

Symmetry operators :

    x     y     z

  x-y     x 1/2+z

   -y   x-y     z

   -x    -y 1/2+z

 -x+y    -x     z

    y  -x+y 1/2+z

Atomic scattering tables :

Fe    7.200    0.301    0.845        25.990   25.310   23.683   21.819   20.045   18.363   16.748   15.228

                                     13.838   12.596   11.506   10.563    9.758    9.079    8.510    8.036

                                      7.640    7.307    7.022    6.773    6.549    6.342    6.147    5.959

                                      5.776    5.596    5.418    0.000    0.000    0.000    0.000    0.000

Si    2.800    0.072    0.071        13.998   13.436   12.134   10.767    9.675    8.861    8.230    7.696

                                      7.201    6.718    6.240    5.770    5.314    4.879    4.472    4.095

                                      3.750    3.439    3.162    2.915    2.699    2.510    2.345    2.202

                                      2.077    1.969    1.875    0.000    0.000    0.000    0.000    0.000

O    18.000    0.008    0.006         7.999    7.798    7.246    6.472    5.623    4.808    4.089    3.489

                                      3.006    2.628    2.337    2.115    1.946    1.816    1.715    1.634

                                      1.568    1.512    1.463    1.419    1.377    1.337    1.298    1.260

                                      1.221    1.183    1.145    0.000    0.000    0.000    0.000    0.000

H     8.000    0.000    0.000         1.000    0.960    0.854    0.713    0.568    0.438    0.331    0.248

                                      0.184    0.138    0.103    0.078    0.060    0.046    0.036    0.028

                                      0.022    0.018    0.014    0.011    0.009    0.007    0.006    0.005

                                      0.005    0.004    0.004    0.000    0.000    0.000    0.000    0.000

The following lines were read as a control data :

=>dmin 0 dmax 3<=                                                                   

=>end<=                                                                             

The atom Si1fe    deleted from the distance  calculation as coincides from with : Si1     

The atom Si2fe    deleted from the distance  calculation as coincides from with : Si2    


                                      fractional                                    cartesian

 no  atom          xf        yf        zf     sigxf     sigyf     sigzf        x        y        z      Uiso

  1  Fe1     +  0.332516  0.000384  0.000000  0.000000  0.000000  0.000000   1.8278   0.0018   0.0000   0.0051(  0)

  2  Si1     +  0.000000  0.000000  0.302204  0.000000  0.000000  0.000000   0.0000   0.0000   4.2801   0.0060(  0)

  4  Si2     +  0.333333  0.666667  0.300307  0.000000  0.000000  0.000000   0.0000   3.1754   4.2532   0.0054(  0)

  6  O1      +  0.336187  0.336928  0.072867  0.000000  0.000000  0.000000   0.9225   1.6048   1.0320   0.0096(  0)

  7  O2      +  0.000000  0.000000  0.426187  0.000000  0.000000  0.000000   0.0000   0.0000   6.0361   0.0081(  0)

  8  O3      +  0.333333  0.666667  0.426735  0.000000  0.000000  0.000000   0.0000   3.1754   6.0438   0.0095(  0)

  9  O4      +  0.333333 -0.333333 -0.072572  0.000000  0.000000  0.000000   2.7500  -1.5877  -1.0278   0.0105(  0)

 10  O5      + -0.328397 -0.212873  0.263519  0.000000  0.000000  0.000000  -1.2208  -1.0139   3.7322   0.0215(  0)

 11  O5'     + -0.327218 -0.080768  0.268809  0.000000  0.000000  0.000000  -1.5776  -0.3847   3.8071   0.0215(  0)

Figure 112 (Continued)
Full coordination of atoms will be printed

Distances will be calculated

for atom : Fe from  0.000 to  3.000

for atom : Si from  0.000 to  3.000

for atom : O  from  0.000 to  3.000

for atom : H  from  0.000 to  3.000


Calculating of distances, angles, torsion angles and best planes                                                        page =  2

structure : cro2h2o                                                                                             09:03:54 07-Mar-97

                                O5........... 1.7144(   0)      O5'.......... 2.7577(   0)      * atom O5                *      

                                O5'.......... 1.7380(   0)      O5'.......... 2.7577(   0)      **************************      

                                O5'.......... 1.7380(   0)      *                               Si1.......... 1.6789(   0)      

                                O5'.......... 1.7380(   0)      **************************      Si2.......... 1.7144(   0)      

**************************      *                               * atom O3                *      O1........... 2.9512(   0)      

* atom Fe1               *      **************************      **************************      O2........... 2.7975(   0)      

**************************      * atom O1                *      Fe1.......... 2.1077(   0)      O3........... 2.8304(   0)      

O1........... 2.1105(   0)      **************************      Fe1.......... 2.1077(   0)      O5........... 2.8290(   0)      

O1........... 2.0932(   0)      Fe1.......... 2.1105(   0)      Fe1.......... 2.1077(   0)      O5........... 2.7487(   0)      

O1........... 2.1080(   0)      Fe1.......... 2.1080(   0)      Si2.......... 1.7906(   0)      O5........... 2.8290(   0)      

O2........... 2.1056(   0)      Fe1.......... 2.0932(   0)      O1........... 2.7611(   0)      O5........... 2.7487(   0)      

O3........... 2.1077(   0)      O2........... 2.7825(   0)      O1........... 2.7611(   0)      O5'.......... 0.7272(   0)      

O4........... 2.1056(   0)      O3........... 2.7611(   0)      O1........... 2.7611(   0)      O5'.......... 2.3494(   0)      

*                               O4........... 2.7497(   0)      O5........... 2.8304(   0)      O5'.......... 2.4407(   0)      

**************************      O5........... 2.9512(   0)      O5........... 2.8304(   0)      *                               

* atom Si1               *      O5'.......... 2.8145(   0)      O5........... 2.8304(   0)      **************************      

**************************      *                               O5'.......... 2.7973(   0)      * atom O5'               *      

O2........... 1.7560(   0)      **************************      O5'.......... 2.7973(   0)      **************************      

O5........... 1.6789(   0)      * atom O2                *      O5'.......... 2.7973(   0)      Si1.......... 1.6913(   0)      

O5........... 1.6789(   0)      **************************      *                               Si2.......... 1.7380(   0)      

O5........... 1.6789(   0)      Fe1.......... 2.1056(   0)      **************************      O1........... 2.8145(   0)      

O5'.......... 1.6913(   0)      Fe1.......... 2.1056(   0)      * atom O4                *      O2........... 2.7577(   0)      

O5'.......... 1.6913(   0)      Fe1.......... 2.1056(   0)      **************************      O3........... 2.7973(   0)      

O5'.......... 1.6913(   0)      Si1.......... 1.7560(   0)      Fe1.......... 2.1056(   0)      O5........... 0.7272(   0)      

*                               O1........... 2.7825(   0)      Fe1.......... 2.1056(   0)      O5........... 2.4407(   0)      

**************************      O1........... 2.7825(   0)      Fe1.......... 2.1056(   0)      O5........... 2.3494(   0)      

* atom Si2               *      O1........... 2.7825(   0)      O1........... 2.7497(   0)      O5'.......... 2.9095(   0)      

**************************      O5........... 2.7975(   0)      O1........... 2.7497(   0)      O5'.......... 2.8125(   0)      

O3........... 1.7906(   0)      O5........... 2.7975(   0)      O1........... 2.7497(   0)      O5'.......... 2.9095(   0)      

O5........... 1.7144(   0)      O5........... 2.7975(   0)      *                               O5'.......... 2.8125(   0)      

O5........... 1.7144(   0)      O5'.......... 2.7577(   0)      **************************      *                               

Detail:

**************************   

* atom Fe1               *   
central atom (can be selected by the select control command)
**************************   

O1........... 2.1105(   0)   
Coordination of the central atom 
O1........... 2.0932(   0)   
(atom name , distance in Å, e.s.d if present in the m40 file)
O1........... 2.1080(   0)   
The lower and upper limit for the distances can be changed by
O2........... 2.1056(   0)   
dmin and dmax control commands
O3........... 2.1077(   0)   

O4........... 2.1056(   0)   

*                            

Figure 113
dist Listing for Ordinary Structure with Calculation of Angles
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structure : SCHIFF DO 22 ST.                                                                                    12:50:56 07-Mar-97

Centrosymmetric space group : Pbna

Wave length :   0.56090

Cell parameters        :   19.9510   7.1700  19.7610    90.00    90.00    90.00    Volume :     2826.8

List of centring vectors :

  0.000000  0.000000  0.000000

Symmetry operators :

    x     y     z

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

1/2+x     y 1/2-z

    x 1/2-y    -z

Atomic scattering tables :

Br    1.000    0.090    1.643        34.993   34.292   32.458   30.094   27.741   25.657   23.864   22.293

                                     20.872   19.552   18.301   17.105   15.960   14.871   13.844   12.886

                                     12.004   11.201   10.476    9.829    9.256    8.750    8.307    7.920

                                      7.580    7.283    7.020    0.000    0.000    0.000    0.000    0.000

Zn    1.000    0.260    0.938        29.985   29.406   27.940   26.115   24.271   22.482   20.733   19.033

                                     17.417   15.916   14.551   13.326   12.239   11.284   10.451    9.729

                                      9.109    8.578    8.126    7.740    7.410    7.126    6.877    6.657

                                      6.457    6.273    6.101    0.000    0.000    0.000    0.000    0.000

...

H    18.000    0.000    0.000         1.000    0.960    0.854    0.713    0.568    0.438    0.331    0.248

                                      0.184    0.138    0.103    0.078    0.060    0.046    0.036    0.028

                                      0.022    0.018    0.014    0.011    0.009    0.007    0.006    0.005

                                      0.005    0.004    0.004    0.000    0.000    0.000    0.000    0.000

The following lines were read as a control data :

=>dmin 0.48 dmax 3.50 angles 1<=                                                    

Input e.s.d of fraction coordinates of atoms included

                                      fractional                                    cartesian

 no  atom          xf        yf        zf     sigxf     sigyf     sigzf        x        y        z      Biso

  1  Zn      +  0.173331  0.337655  0.191565  0.000029  0.000077  0.000028   3.4581   2.4210   3.7855  3.20(  1)

  2  Br      +  0.154637  0.019378  0.146053  0.000031  0.000070  0.000031   3.0852   0.1389   2.8862  4.37(  2)

  3  O1      +  0.168446  0.389164  0.288713  0.000179  0.000574  0.000195   3.3607   2.7903   5.7053  4.06( 10)

  4  N1      +  0.278815  0.314783  0.202174  0.000222  0.000668  0.000232   5.5626   2.2570   3.9952  4.14( 12)

. . . . .

 32  H1(n2)  +  0.203623  0.638591  0.125298  0.000276  0.000636  0.000242   4.0625   4.5787   2.4760  3.11(103)

 33  H(c8)   + -0.033662  0.624900  0.327049  0.000390  0.000918  0.000528  -0.6716   4.4805   6.4628  6.08(170)

 34  H(c9)   + -0.013326  0.651018  0.440743  0.000572  0.001133  0.000543  -0.2659   4.6678   8.7095 10.65(265)

 35  H(c10)  +  0.087012  0.558725  0.483394  0.000548  0.001031  0.000458   1.7360   4.0061   9.5523  7.92(204)

 36  H(c11)  +  0.169547  0.433343  0.414023  0.000418  0.000892  0.000340   3.3826   3.1071   8.1815  7.84(233)

Full coordination of atoms will be printed

Distances and angles will be calculated

for atom : Br from  0.480 to  3.500

for atom : Zn from  0.480 to  3.500

for atom : O  from  0.480 to  3.500

for atom : N  from  0.480 to  3.500

for atom : C  from  0.480 to  3.500

for atom : H  from  0.480 to  3.500
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 **************************        C6.........  68.52(  19)        C1.........  53.80(  20)        H1(n2).....  82.81(  18)      

 * atom Zn                *        C7.........  43.95(  16)        C2.........  29.58(  21)      C1........... 2.9798(  69)      

 **************************        C12........  19.48(  15)        C3.........  26.03(  21)        C2.........  28.89(  20)      

 Br........... 2.4811(   8)        H1(n1).....  96.09(  15)        C4.........  45.87(  20)        C3.........  76.63(  22)      

   O1......... 121.44(  12)        H1(n1).....  39.67(  14)        C5.........  72.45(  20)        C4.........  99.64(  20)      

   N1.........  96.54(  13)        H2(n1).....  68.01(  15)        C6......... 102.17(  20)        C5......... 126.10(  20)      

   N2......... 107.84(  13)        H1(c1).....  92.87(  17)        C7......... 116.76(  17)        C6......... 142.84(  17)      

   N3.........  98.18(  13)        H1(c1).....  48.30(  17)        C12........ 127.91(  16)        C7......... 134.73(  17)      

   C1......... 106.21(  14)        H1(c2)..... 141.98(  18)        H1(n1).....  89.92(  18)        C12........ 119.29(  18)      

   C2.........  97.26(  15)        H1(c3)..... 161.87(  18)        H1(n1).....  90.80(  15)        H1(n1).....  41.26(  17)      

   C3.........  90.50(  13)        H1(c5)..... 124.21(  18)        H2(n1).....  93.26(  18)        H1(n1).....  78.07(  16)      

   C4.........  95.48(  11)        H1(n2)..... 110.46(  16)        H1(c1).....  53.19(  19)        H2(n1).....  41.23(  17)      

   C5.........  84.73(  13)      N1........... 2.1213(  45)        H1(c1)..... 161.00(  19)        H1(c1).....  16.21(  19)      

   C6......... 108.46(  11)        N2.........  81.05(  19)        H1(c2).....  40.00(  19)        H1(c1)..... 107.20(  18)      

   C7......... 117.74(  10)        N3......... 164.05(  18)        H1(c3).....  38.59(  19)        H1(c2).....  38.23(  20)      

   C12........ 121.51(  10)        C1.........  27.41(  19)        H1(c5).....  78.09(  19)        H1(c3).....  79.83(  21)      

   H1(n1).....  76.56(  11)        C2.........  53.89(  19)        H1(n2).....  20.53(  16)        H1(c5)..... 127.77(  20)      

   H1(n1)..... 159.72(   8)        C3......... 102.28(  21)      N3........... 2.0810(  48)        H1(n2).....  56.92(  18)      

   H2(n1)..... 108.08(  11)        C4......... 126.66(  19)        C1......... 139.73(  19)      C2........... 2.9340(  76)      

   H1(c1)..... 122.41(  13)        C5......... 152.44(  19)        C2......... 117.77(  21)        C3.........  48.44(  22)      

   H1(c1).....  75.06(  13)        C6......... 152.09(  19)        C3.........  71.53(  22)        C4.........  73.11(  20)      

   H1(c2).....  79.61(  14)        C7......... 130.21(  17)        C4.........  45.64(  20)        C5.........  98.58(  21)      

   H1(c3).....  73.21(  13)        C12........ 107.10(  17)        C5.........  25.33(  21)        C6......... 131.49(  20)      

   H1(c5).....  67.23(  12)        H1(n1).....  20.17(  17)        C6.........  20.92(  22)        C7......... 141.36(  17)      

   H1(n2)..... 128.08(  11)        H1(n1).....  78.13(  15)        C7.........  45.49(  19)        C12........ 139.82(  18)      

 O1........... 1.9574(  39)        H2(n1).....  20.19(  16)        C12........  69.99(  19)        H1(n1).....  60.39(  18)      

   N1.........  88.11(  16)        H1(c1).....  35.07(  18)        H1(n1)..... 173.81(  18)        H1(n1).....  95.24(  16)      

   N2......... 130.43(  17)        H1(c1).....  79.95(  17)        H1(n1).....  89.99(  16)        H2(n1).....  70.03(  18)      

   N3.........  89.44(  18)        H1(c2).....  56.34(  19)        H2(n1)..... 151.65(  17)        H1(c1).....  36.76(  19)      

   C1......... 103.83(  18)        H1(c3)..... 101.39(  20)        H1(c1)..... 129.45(  18)        H1(c1)..... 132.42(  19)      

   C2......... 129.53(  18)        H1(c5)..... 147.66(  19)        H1(c1)..... 109.81(  19)        H1(c2).....  17.65(  20)      

   C3......... 145.33(  18)        H1(n2).....  83.29(  18)        H1(c2)..... 120.69(  20)        H1(c3).....  51.15(  22)      

   C4......... 127.12(  17)      N2........... 2.1581(  48)        H1(c3).....  77.16(  22)        H1(c5).....  98.89(  20)      

   C5......... 114.77(  18)        N3.........  88.60(  20)        H1(c5).....  38.21(  19)        H1(n2).....  42.43(  19)     

Detail:

 **************************       

 * atom Zn                *     The central atom    
 **************************      
 Br........... 2.4811(   8)     The Zn-Br distance (Å) and its e.s.d. 
   O1......... 121.44(  12)     The Br-Zn-O1 angle (º) and its e.s.d. 
   N1.........  96.54(  13)     Another Br-Zn-* angles 
   N2......... 107.84(  13)      

   N3.........  98.18(  13)      

   C1......... 106.21(  14)      

   C2.........  97.26(  15)      

   C3.........  90.50(  13)      

   C4.........  95.48(  11)      

   C5.........  84.73(  13)      

   C6......... 108.46(  11)      

   C7......... 117.74(  10)      

   C12........ 121.51(  10)      

   H1(n1).....  76.56(  11)      

   H1(n1)..... 159.72(   8)      

 Figure 114
dist Listing with Best Planes and Torsion Angles

This information is printed at the end of the listing. It is the same for both ordinary and modulated structures

. 
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structure : SCHIFF DO 22 ST.                                                                                    12:50:56 07-Mar-97

                                                    

Equation of best plane through atoms :  O1 C12 C7 C6 N3 C11 C10 C9 C8                                                               

  7.1497*x+(  6.6144)*y+( -2.8334)*z+( -2.9441) = 0.0   chiq =   54.96

  (  313)     (   45)      (  249)      (   81)

Atom name :               O1          C12         C7          C6          N3          C11         C10                               

Distance from plane :   0.016(  5) -0.020(  5)  0.008(  5)  0.001(  6) -0.010(  6) -0.024(  7)  0.001(  9)                          

                          C9          C8                                                                                            

                        0.010( 10)  0.012(  8)                                                                                      


Equation of best plane through atoms :  N2 C3 C5 N3                                                                                 

  3.4343*x+( -7.0475)*y+( -1.2895)*z+(  3.0647) = 0.0   chiq =    1.19

  (  493)     (   26)      (  722)      (  141)

Atom name :               N2          C3          C5          N3          Zn          C4                                            

Distance from plane :  -0.002(  6)  0.005(  9) -0.004(  8)  0.002(  6)  1.033(  6) -0.692(  9)                                      


Equation of best plane through atoms :  Zn N1 N2                                                                                    

  0.0148*x+(  5.6732)*y+( 12.0840)*z+( -4.2330) = 0.0   chiq =    0.00

  (  438)     (   99)      (  353)      (   88)

Atom name :               Zn          N1          N2          C1          C2                                                        

Distance from plane :   0.000(  1)  0.000(  7)  0.000(  7)  0.139(  9) -0.528(  9)  

                                                

Torsion angle of atoms : N1-C1-C2-N2 is   53.95(  72)                                                                               

Torsion angle of atoms : C3-N2-Zn-N3 is  -47.78(  44)                                                                               

Torsion angle of atoms : C6-N3-Zn-O1 is   -0.40(  46)                                                                               

Table of dihedral angles :


    1    0.00(    0)  146.69(    0)   50.02(    0)

    2  146.69(    0)    0.00(    0)  144.83(    0)

    3   50.02(    0)  144.83(    0)    0.00(    0)

Figure 115
Simple dist Listing for Modulated Structure
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structure : Testa                                                                                               08:15:42 07-Mar-97

Centrosymmetric super-space group : C2/c(alfa0gamma)

Wave length :   0.56090

Cell parameters        :    4.8180  16.0010   6.3740    90.00    99.36    90.00    Volume :      484.8

Modulation vector q(1) :   0.86070  0.00000  0.55850

List of centring vectors :

  0.000000  0.000000  0.000000  0.000000

  0.500000  0.500000  0.000000  0.000000

Symmetry operators :

    x1     x2     x3     x4

   -x1     x2 1/2-x3    -x4

Atomic scattering tables :

As    1.000    0.276    1.331        32.983   32.278   30.491   28.301   26.218   24.386   22.739   21.196

                                     19.722   18.313   16.976   15.717   14.540   13.451   12.454   11.552

                                     10.744   10.030    9.403    8.858    8.386    7.978    7.626    7.320

                                      7.053    6.817    6.606    6.415    6.239    6.076    5.922    5.774

K     1.000    0.140    0.156        18.999   18.206   16.732   15.244   13.726   12.269   10.980    9.909

                                      9.057    8.398    7.888    7.480    7.134    6.823    6.528    6.241

                                      5.956    5.674    5.395    5.120    4.851    4.589    4.336    4.093

                                      3.861    3.640    3.431    3.235    3.052    2.882    2.724    2.579

F     4.000    0.010    0.006         8.999    8.815    8.303    7.561    6.709    5.851    5.054    4.353

                                      3.760    3.270    2.873    2.558    2.309    2.112    1.957    1.834

                                      1.735    1.654    1.587    1.531    1.482    1.438    1.398    1.360

                                      1.324    1.289    1.255    1.221    1.187    1.153    1.120    1.087

O     2.000    0.006    0.004         7.999    7.798    7.246    6.472    5.623    4.808    4.089    3.489

                                      3.006    2.628    2.337    2.115    1.946    1.816    1.715    1.634

                                      1.568    1.512    1.463    1.419    1.377    1.337    1.298    1.260

                                      1.221    1.183    1.145    1.108    1.070    1.033    0.997    0.961

H     2.000    0.000    0.000         1.000    0.960    0.854    0.713    0.568    0.438    0.331    0.248

                                      0.184    0.138    0.103    0.078    0.060    0.046    0.036    0.028

                                      0.022    0.018    0.014    0.011    0.009    0.007    0.006    0.005

                                      0.005    0.004    0.004    0.003    0.003    0.003    0.003    0.003

The following lines were read as a control data :

=>end<=                                                                             

Input e.s.d of fraction coordinates of atoms included


                                     fractional                                    cartesian

no  atom          xf        yf        zf     sigxf     sigyf     sigzf        x        y        z      Uiso

  1  K       +  0.500000  0.590904  0.750000  0.000000  0.000071  0.000000   1.6315   9.4551   4.7169   0.0149(  2)

  2  Asa     +  0.000000  0.631032  0.250000  0.000000  0.000024  0.000000  -0.2592  10.0971   1.5723   0.0082(  1)

  3  F1a     + -0.099898  0.627166  0.499052  0.000525  0.000144  0.000336  -0.9987  10.0353   3.1386   0.0155(  4)

  4  F2a     +  0.237242  0.552065  0.331160  0.000510  0.000149  0.000409   0.7997   8.8336   2.0827   0.0197(  4)

  5  O3a     +  0.259906  0.704297  0.334697  0.000560  0.000175  0.000441   0.9053  11.2695   2.1050   0.0182(  5)

Full coordination of atoms will be printed

Distances will be calculated

at 101 equidistant values of t from the interval <0,1> but only each 10th value will be printed

for atom : As from  0.000 to  3.000

for atom : K  from  0.000 to  3.000

for atom : F  from  0.000 to  2.000

for atom : O  from  0.000 to  1.500

for atom : H  from  0.000 to  1.200
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                                 0.400        3.2358             0.300        2.7093             0.200        2.9891            

                                 0.500        3.1429             0.400        2.7471             0.300        2.9456            

                                 0.600        3.1298             0.500        2.7447             0.400        3.1531            

                                 0.700        3.1268             0.600        2.7093             0.500        3.5341            

**************************       0.800        3.0497             0.700        2.6960             0.600        3.8950            

* atom K                 *       0.900        2.9425             0.800        2.7127             0.700        4.0819            

**************************       1.000        2.9457             0.900        2.7250             0.800        4.0542            

F1a.......... 3.1217(  23)      --------------------------       1.000        2.7128             0.900        3.8483            

 ave          3.1331            F2a.......... 2.8314(  25)      --------------------------       1.000        3.5408            

 min          2.9227             ave          2.8402            O3a.......... 3.2621(  28)      --------------------------      

 max          3.3414             min          2.7629             ave          3.2763            *                               

 0.000        3.3336             max          2.9260             min          2.9282            **************************      

 0.100        3.2964             0.000        2.7661             max          3.6887            * atom Asa               *      

 0.200        3.1124             0.100        2.7669             0.000        3.6789            **************************      

 0.300        2.9471             0.200        2.8013             0.100        3.6382            F1a.......... 1.7332(  23)      

 0.400        2.9413             0.300        2.8589             0.200        3.4357             ave          1.7392            

 0.500        3.0480             0.400        2.9075             0.300        3.1978             min          1.7337            

 0.600        3.1262             0.500        2.9260             0.400        3.0205             max          1.7436            

 0.700        3.1300             0.600        2.9086             0.500        2.9355             0.000        1.7397            

 0.800        3.1421             0.700        2.8658             0.600        2.9474             0.100        1.7429            

 0.900        3.2340             0.800        2.8211             0.700        3.0655             0.200        1.7401            

 1.000        3.3336             0.900        2.7871             0.800        3.2789             0.300        1.7381            

--------------------------       1.000        2.7661             0.900        3.5245             0.400        1.7377            

F1a.......... 2.7594(  26)      --------------------------       1.000        3.6789             0.500        1.7390            

 ave          2.7629            F2a.......... 2.7049(  26)      --------------------------       0.600        1.7432            

 min          2.7041             ave          2.7111            O3a.......... 3.5183(  30)       0.700        1.7417            

 max          2.8149             min          2.6703             ave          3.5207             0.800        1.7353            

 0.000        2.8138             max          2.7523             min          2.9332             0.900        1.7343            

 0.100        2.7960             0.000        2.7100             max          4.0957             1.000        1.7397            

 0.200        2.7753             0.100        2.6737             0.000        2.9469            --------------------------      

 0.300        2.7657             0.200        2.6799             0.100        2.9867            F1a.......... 1.7332(  23)      

 0.400        2.7498             0.300        2.7124             0.200        3.2179             ave          1.7392            

 0.500        2.7198             0.400        2.7250             0.300        3.5357             min          1.7337            

 0.600        2.7041             0.500        2.7130             0.400        3.8441             max          1.7436            

 0.700        2.7243             0.600        2.6962             0.500        4.0522             0.000        1.7404            

 0.800        2.7688             0.700        2.7088             0.600        4.0831             0.100        1.7436            

 0.900        2.8061             0.800        2.7443             0.700        3.8995             0.200        1.7398            

 1.000        2.8138             0.900        2.7475             0.800        3.5404             0.300        1.7377            

--------------------------       1.000        2.7100             0.900        3.1581             0.400        1.7380            

F1a.......... 2.7594(  26)      --------------------------       1.000        2.9469             0.500        1.7394            

 ave          2.7624            F2a.......... 2.8314(  25)      --------------------------       0.600        1.7427            

 min          2.7041             ave          2.8411            O3a.......... 3.2621(  28)       0.700        1.7409            

 max          2.8149             min          2.7629             ave          3.2715             0.800        1.7351            

 0.000        2.7656             max          2.9260             min          2.9282             0.900        1.7345            

 0.100        2.7751             0.000        2.8598             max          3.6887             1.000        1.7404            

 0.200        2.7956             0.100        2.8021             0.000        3.1945            --------------------------      

 0.300        2.8137             0.200        2.7671             0.100        3.4319            F2a.......... 1.7258(  24)      

 0.400        2.8065             0.300        2.7659             0.200        3.6361             ave          1.7447            

 0.500        2.7695             0.400        2.7866             0.300        3.6798             min          1.7260            

 0.600        2.7249             0.500        2.8205             0.400        3.5280             max          1.7665            

 0.700        2.7041             0.600        2.8650             0.500        3.2827             0.000        1.7563            

 0.800        2.7193             0.700        2.9081             0.600        3.0682             0.100        1.7653            

 0.900        2.7494             0.800        2.9260             0.700        2.9484             0.200        1.7451            

 1.000        2.7656             0.900        2.9080             0.800        2.9349             0.300        1.7286            

--------------------------       1.000        2.8598             0.900        3.0185             0.400        1.7305            

F1a.......... 3.1217(  23)      --------------------------       1.000        3.1945             0.500        1.7438            

 ave          3.1293            F2a.......... 2.7049(  26)      --------------------------       0.600        1.7589            

 min          2.9227             ave          2.7111            O3a.......... 3.5183(  30)       0.700        1.7556            

 max          3.3414             min          2.6703             ave          3.5266             0.800        1.7323            

 0.000        2.9457             max          2.7522             min          2.9332             0.900        1.7298            

 0.100        3.1091             0.000        2.7128             max          4.0957             1.000        1.7563            

 0.200        3.2944             0.100        2.6804             0.000        3.5408            --------------------------      

 0.300        3.3343             0.200        2.6734             0.100        3.2224            F2a.......... 1.7258(  24)      

Detail:

**************************       

* atom K                 *  
Central atom (can be selected by select command)
**************************    

F1a.......... 3.1217(  23)  
The distance K-F1a calculated from the basic structure

 ave          3.1331          
The average K-F1a distance for all used t values
 min          2.9227        
The minimum K-F1a distance for all used t values
 max          3.3414          
The maximum K-F1a distance for all used t values
 0.000        3.3336          
The K-F1a distance for t=0
 0.100        3.2964          
The K-F1a distance for t=0.1
 0.200        3.1124         
etc. 
 0.300        2.9471          

 0.400        2.9413        
The distances are calculated for 100 equidistant t values. This
 0.500        3.0480         
setting can be changed by the nooft control command
 0.600        3.1262             

 0.700        3.1300         
The distances are printed for each 10th t value. This setting can
 0.800        3.1421         
be changed by each  control command
 0.900        3.2340             

 1.000        3.3336             

--------------------------       

Figure 116
dist Listing of Modulated Structure with Calculation of Angles

(detail of results)

 **************************     

 * atom K                 *     central atom

 **************************     

 F1a.......... 3.1217(  23)     The distances for the first atom of the K coordination 

  ave          3.1331           (see previous example for explanation)

  min          2.9227           

  max          3.3414           

  0.000        3.3336           

  0.100        3.2964           

  0.200        3.1124           

  0.300        2.9471           

  0.400        2.9413           

  0.500        3.0480           

  0.600        3.1262           

  0.700        3.1300           

  0.800        3.1421           

  0.900        3.2340           

  1.000        3.3336           

 --------------------------     

   F1a........ 109.86(   6)     The angle F1a-K-F1a calculated from refined coordinates
    ave        109.78           The average F1a-K-F1a angle for all used t values
    min        103.80           The minimum F1a-K-F1a angle for all used t values
    max        115.78           The maximum F1a-K-F1a angle for all used t values
    0.000      104.17           

    0.100      104.10           The t grid and complexity of output is controlled by the same 
    0.200      106.71           commands as used for distances - see previous example for 
    0.300      110.92           explanation
. . . . . . 

    1.000      104.17           

Figure 117
dist Listing of Composite Structure

1Calculating of distances, angles, torsion angles and best planes                                                        page =  1

 structure : srp                                                                                                 09:34:14 07-Mar-97

0Centrosymmetric super-space group : Amma

 Wave length :   0.71070

0Composite part #1

                 |  1.000  0.000  0.000  0.000|

          W(1) = |  0.000  1.000  0.000  0.000|

                 |  0.000  0.000  1.000  0.000|

                 |  0.000  0.000  0.000  1.000|

0Cell parameters        :   11.4710  13.3770   2.7510    90.00    90.00    90.00    Volume :      422.1

 Modulation vector q(1) :   0.00000  0.00000  0.69970

0List of centring vectors :

   0.000000  0.000000  0.000000  0.000000

   0.000000  0.500000  0.500000  0.500000

0Symmetry operators :

     x1     x2     x3     x4

 1/2-x1     x2     x3 1/2+x4

     x1    -x2     x3 1/2+x4

 1/2-x1    -x2     x3     x4


0Composite part #2

                 |  1.000  0.000  0.000  0.000|

          W(2) = |  0.000  1.000  0.000  0.000|

                 |  0.000  0.000  0.000  1.000|

                 |  0.000  0.000  1.000  0.000|

0Cell parameters        :   11.4710  13.3770   3.9317    90.00    90.00    90.00    Volume :      603.3

 Modulation vector q(1) :   0.00000  0.00000  1.42918

0List of centring vectors :

   0.000000  0.000000  0.000000  0.000000

   0.000000  0.500000  0.500000  0.500000

0Symmetry operators :

     x1     x2     x3     x4

 1/2-x1     x2 1/2+x3     x4

     x1    -x2 1/2+x3     x4

 1/2-x1    -x2     x3     x4

0Atomic scattering tables :

 Sr    0.700   -1.657    3.264        37.983   36.820   34.452   32.155   29.998   27.879   25.878   24.082

                                      22.509   21.131   19.901   18.770   17.705   16.687   15.707   14.767

                                      13.869   13.020   12.224   11.484   10.802   10.178    9.611    9.100

                                       8.641    8.231    7.865    0.000    0.000    0.000    0.000    0.000

. . . . 

 The following lines were read as a control data :

 =>select sr1<=                                                                      

 =>ttables 1<=                                                                       

1Calculating of distances, angles, torsion angles and best planes                                                        page =  2

 structure : srp                                                                                                 09:34:14 07-Mar-97

 =>end<=                                                                             

0Input e.s.d of fraction coordinates of atoms included

0                                      fractional                                    cartesian

  no  atom          xf        yf        zf     sigxf     sigyf     sigzf        x        y        z      Uiso

   1  Cu3     -  0.250000  0.500000  0.411729  0.000000  0.000000  0.000284   2.8677   6.6885   1.1327   0.0341(  3)

   2  O31     -  0.138085  0.500000  0.911577  0.000254  0.000000  0.001291   1.5840   6.6885   2.5077   0.0363( 14)

   3  Sr1     +  0.500000  0.379119  0.250000  0.000000  0.000153  0.000000   5.7355   5.0715   0.6877   0.0023(  2)

   4  Cu11    -  0.165563  0.250000  0.251149  0.000152  0.000000  0.000953   1.8992   3.3442   0.6909   0.0019(  5)

   5  O11     -  0.170200  0.250000  0.744383  0.001021  0.000000  0.006758   1.9524   3.3442   2.0478   0.0000( 28)

   6  O2      -  0.500000  0.250000  0.750000  0.000000  0.000000  0.000000   5.7355   3.3442   2.0633   0.0048( 22)

0Full coordination of atoms will be printed

0Distances will be calculated

 at 101 equidistant values of t from the interval <0,1> but only each 10th value will be printed

 for atom : Sr from  0.000 to  2.800

 for atom : Cu from  0.000 to  2.100

 for atom : O  from  0.000 to  2.800

 for atom : Bi from  0.000 to  2.600

Figure 117 (Continued)

The special feature of composite distances is that the coordinate number can differ for various values of t, if the distances between  the central atom and the atoms from other composite part are taken into account. 

For two atoms belonging to  different composite parts the maximum distance in  the t  interval is not printed as it could go to infinity. The minimum distance can be considered as “real” minimum only if the t  function of distances has minimum in the interval used for calculation. Otherwise dist prints the “minimum” distance with “<” sign.  

See the description of grapht (page I-1) for graphics interpretation of the composite distances. 

 **************************       0.200        4.4240             0.900        2.4784            O2........... 2.6168(  14)      

 * atom Sr1               *       0.300        4.2234             1.000        2.4787             ave          2.6211            

 **************************       0.400        4.0308            --------------------------       min          2.5636            

 O31.......... 2.2636(   0)       0.500        3.7961            O11.......... 2.6068(  89)       max          2.6939            

  min    <     2.5197             0.600        3.4878             ave          2.6087             0.000        2.6104            

  0.000        2.5197             0.700        3.1439             min          2.5659             0.100        2.6423            

  0.100        2.5883             0.800        2.8485             max          2.6550             0.200        2.6797            

  0.200        2.7116             0.900        2.6577             0.000        2.6479             0.300        2.6934            

  0.300        2.8864             1.000        2.5606             0.100        2.6545             0.400        2.6654            

  0.400        3.1008            --------------------------       0.200        2.6404             0.500        2.6119            

  0.500        3.3520            O31.......... 2.2636(   0)       0.300        2.6170             0.600        2.5713            

  0.600        3.6388             min    <     2.4787             0.400        2.5955             0.700        2.5650            

  0.700        3.9456             0.000        2.4787             0.500        2.5786             0.800        2.5790            

  0.800        4.2425             0.100        2.4899             0.600        2.5672             0.900        2.5932            

  0.900        4.5060             0.200        2.5182             0.700        2.5694             1.000        2.6104            

  1.000        4.7325             0.300        2.5707             0.800        2.5905            --------------------------      

 --------------------------       0.400        2.6788             0.900        2.6221            O2........... 2.6168(  14)      

 O31.......... 2.2636(   0)       0.500        2.8857             1.000        2.6479             ave          2.6219            

  min          2.4644             0.600        3.1931            --------------------------       min          2.5636            

  0.000        2.5606             0.700        3.5367            O11.......... 2.6068(  89)       max          2.6939            

  0.100        2.5129             0.800        3.8348             ave          2.6084             0.000        2.6939            

  0.200        2.4872             0.900        4.0602             min          2.5659             0.100        2.6750            

  0.300        2.4783             1.000        4.2513             max          2.6550             0.200        2.6368            

  0.400        2.4785            --------------------------       0.000        2.6205             0.300        2.6071            

  0.500        2.4747            O31.......... 2.2636(   0)       0.100        2.6434             0.400        2.5913            

  0.600        2.4665             min          2.4644             0.200        2.6549             0.500        2.5767            

  0.700        2.4652             0.000        2.8582             0.300        2.6451             0.600        2.5640            

  0.800        2.4735             0.100        2.6901             0.400        2.6174             0.700        2.5752            

  0.900        2.4886             0.200        2.5751             0.500        2.5865             0.800        2.6199            

  1.000        2.5197             0.300        2.5134             0.600        2.5679             0.900        2.6719            

 --------------------------       0.400        2.4858             0.700        2.5682             1.000        2.6939            

 O31.......... 2.2636(   0)       0.500        2.4719             0.800        2.5808            --------------------------      

  min    <     2.5606             0.600        2.4647             0.900        2.5983            *                               

  0.000        4.8613             0.700        2.4675             1.000        2.6205                                            

  0.100        4.6443             0.800        2.4758            --------------------------    

Details:

 **************************  Central atom
 * atom Sr1               *  (comp. part II)
 **************************  

 O31.......... 2.2636(   0)  comp. part I
  min    <     2.5197        This is NOT 

  0.000        2.5197        real minimum
  0.100        2.5883         

  0.200        2.7116         

  0.300        2.8864         

  0.400        3.1008         

  0.500        3.3520         

  0.600        3.6388         

  0.700        3.9456         

  0.800        4.2425         

  0.900        4.5060         

  1.000        4.7325         

 --------------------------   


O31.......... 2.2636(   0)   comp. part I
  min          2.4644        This IS  

  0.000        2.5606         minimum

  0.100        2.5129         

  0.200        2.4872         

  0.300        2.4783         

  0.400        2.4785         

  0.500        2.4747         

  0.600        2.4665         

  0.700        2.4652         

  0.800        2.4735         

  0.900        2.4886         

  1.000        2.5197         

 --------------------------   



Figure 117 (Continued)

The newspaper columns output of composite distances can be confusing as the coordination of the central atom needn’t to be stable. The ttables  control command sets the following comprehensive output which lists the coordinations of the central atom  for various values of t. The steps in t can be operated by each  command. 

See the description of grapht (page I-1) for graphics interpretation of the composite distances.  

                                        **************************************

                                        ** Coordination for atom : Sr1      **

                                        **************************************

 -----------------------------------------------------------------------------------------------------------------------------------

 |        t= 0.000         |        t= 0.100         |        t= 0.200         |        t= 0.300         |        t= 0.400         |

 -----------------------------------------------------------------------------------------------------------------------------------

 | O31............  2.4787 | O31............  2.4899 | O31............  2.4872 | O31............  2.4783 | O31............  2.4785 |

 | O31............  2.5197 | O31............  2.5129 | O31............  2.5182 | O31............  2.5134 | O31............  2.4858 |

 | O31............  2.5606 | O31............  2.5883 | O31............  2.5751 | O31............  2.5707 | O2.............  2.5913 |

 | O2.............  2.6104 | O2.............  2.6423 | O2.............  2.6368 | O2.............  2.6071 | O11............  2.5955 |

 | O11............  2.6205 | O11............  2.6434 | O11............  2.6404 | O11............  2.6170 | O11............  2.6174 |

 | O11............  2.6479 | O11............  2.6545 | O11............  2.6549 | O11............  2.6451 | O2.............  2.6654 |

 | O2.............  2.6939 | O2.............  2.6750 | O2.............  2.6797 | O2.............  2.6934 | O31............  2.6788 |

 |                         | O31............  2.6901 | O31............  2.7116 |                         |                         |

 -----------------------------------------------------------------------------------------------------------------------------------

 |        t= 0.500         |        t= 0.600         |        t= 0.700         |        t= 0.800         |        t= 0.900         |

 -----------------------------------------------------------------------------------------------------------------------------------

 | O31............  2.4719 | O31............  2.4647 | O31............  2.4652 | O31............  2.4735 | O31............  2.4784 |

 | O31............  2.4747 | O31............  2.4665 | O31............  2.4675 | O31............  2.4758 | O31............  2.4886 |

 | O2.............  2.5767 | O2.............  2.5640 | O2.............  2.5650 | O2.............  2.5790 | O2.............  2.5932 |

 | O11............  2.5786 | O11............  2.5672 | O11............  2.5682 | O11............  2.5808 | O11............  2.5983 |

 | O11............  2.5865 | O11............  2.5679 | O11............  2.5694 | O11............  2.5905 | O11............  2.6221 |

 | O2.............  2.6119 | O2.............  2.5713 | O2.............  2.5752 | O2.............  2.6199 | O31............  2.6577 |

 |                         |                         |                         |                         | O2.............  2.6719 |

 -----------------------------------------------------------------------------------------------------------------------------------

 |        t= 1.000         |                         |                         |                         |                         |

 -----------------------------------------------------------------------------------------------------------------------------------

 | O31............  2.4787 |                         |                         |                         |                         |

 | O31............  2.5197 |                         |                         |                         |                         |

 | O31............  2.5606 |                         |                         |                         |                         |

 | O2.............  2.6104 |                         |                         |                         |                         |

 | O11............  2.6205 |                         |                         |                         |                         |

 | O11............  2.6479 |                         |                         |                         |                         |

 | O2.............  2.6939 |                         |                         |                         |                         |

 -----------------------------------------------------------------------------------------------------------------------------------

2.8.4 Dist Long Listing m61 

Besides the wide FORTRAN listing dist writes the results also in one column form to the m61  file. The information of these two output files is complementary; m61 lists the symmetry codes which are not present in the wide listing, but it doesn’t contain the values of distances and angles as function of the t coordinate. 

Figure 118
The m61 file of ordinary structure




This file was calculated together with the wide listing shown in Figure 113 page H-7. 

Distances and angles concerning atom Zn      

=============================================

Zn       - Br             2.4811(   8)  symmetry : x,y,z#                      

Br       - Zn       - O1             121.44(  12) symmetry : x,y,z                  

Br       - Zn       - N1              96.54(  13) symmetry : x,y,z                  

Br       - Zn       - N2             107.84(  13) symmetry : x,y,z                  

Br       - Zn       - N3              98.18(  13) symmetry : x,y,z                  

Br       - Zn       - C1             106.21(  14) symmetry : x,y,z                  

Br       - Zn       - C2              97.26(  15) symmetry : x,y,z                  

Br       - Zn       - C3              90.50(  13) symmetry : x,y,z                  

Br       - Zn       - C4              95.48(  11) symmetry : x,y,z                  

Br       - Zn       - C5              84.73(  13) symmetry : x,y,z                  

Br       - Zn       - C6             108.46(  11) symmetry : x,y,z                  

Br       - Zn       - C7             117.74(  10) symmetry : x,y,z                  

Br       - Zn       - C12            121.51(  10) symmetry : x,y,z                  

Br       - Zn       - H1(n1)          76.56(  11) symmetry : x,y,z                  

Br       - Zn       - H1(n1)         159.72(   8) symmetry : 1/2-x,1/2+y,1/2-z      

Br       - Zn       - H2(n1)         108.08(  11) symmetry : x,y,z                  

Br       - Zn       - H1(c1)         122.41(  13) symmetry : x,y,z                  

Br       - Zn       - H1(c1)          75.06(  13) symmetry : 1/2-x,-1/2+y,1/2-z     

Br       - Zn       - H1(c2)          79.61(  14) symmetry : x,y,z                  

Figure 119
The m61 file for modulated structure. 




This file was calculated together with the wide listing shown in 

Figure 117 page H-13. See § 1.2.4 page A-31 for description of the special symmetry 

codes starting with the “#” character. 

Distances concerning atom Sr1     

==================================

Sr1      - O31            2.2636(   0)  symmetry : 1/2-x,y,-1+z#s2t0,0,-1    

Sr1      - O31            2.2636(   0)  symmetry : 1/2-x,y,z#s2              

Sr1      - O31            2.2636(   0)  symmetry : 1/2-x,y,1+z#s2t0,0,1      

Sr1      - O31            2.2636(   0)  symmetry : 1/2+x,1-y,1-z#s-2t0,1,1   

Sr1      - O31            2.2636(   0)  symmetry : 1/2+x,1-y,2-z#s-2t0,1,2   

Sr1      - O31            2.2636(   0)  symmetry : 1/2+x,1-y,3-z#s-2t0,1,3   

Sr1      - O11            2.6068(  89)  symmetry : 1/2-x,y,-1/2+z#s2t0,0,-1  

Sr1      - O11            2.6068(  89)  symmetry : 1/2+x,1/2-y,1-z#s-2c2     

Sr1      - O2             2.6168(  14)  symmetry : x,y,-1+z#t0,0,-1          

Sr1      - O2             2.6168(  14)  symmetry : x,y,z#                    

-----------------------------------------------------------------------------

A Part 

2.9 Program grapht
Input: m40, m50
Output: HPGL ,PostScript, PCX or numerical form

M50 control keywords: none
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2.9.1 The Description of grapht 

grapht plots various parameters (distances, coordinates, occupancies and bond valences) as a function of the t coordinate. There is possibility to save the pictures in HPGL, PostScript and PXC format or in numerical form suitable as input for other programs. 

The communication of grapht with other programs of Jana98 is elucidated in § 1.3.3 page A-38 and in Figure 17, page A-40.

The t-xyz Plot

Figure 120
The t-xyz Form of grapht 
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This tool plots a function of the coordinate x, y or z of an atom defined in t-xyz form. The delta line in the form defines length of the vertical axis of the plot in both positive and negative direction. 

Figure 121
Example of the  t-xyz Plot Defined in the Previous Form
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2.9.2 The t-occupancy Plot

Figure 122
The t-occupancy Form of grapht 
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This tool plots a function of the occupancy of an atom defined in the t-occupancy form. The omin,omax line of the form defines length of the vertical axis of the plot.

Figure 123
Example of the  t-occupancy Plot Defined in the Previous Form
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2.9.3 The t-temperature Parameters  Plot

Figure 124
The t-temperature Parameters

 Form of grapht 
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This tool plots a function of the temperature parameters of an atom defined in the t-temperature parameters form. The delta line of the form defines length of the vertical axis of the plot.

Figure 125
Example of the  t-temperature Parameters Plot.
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2.9.4 The t-distance Plot

Figure 126
The t-distance  Form of grapht 

[image: image124.png]Graph t-distance
Atom as

tmin, tmax 0 1
dmin,omax  1.67 1.8,
Draw non-modulated curves

Draw valency curves

Esc ok I

v
v





This tool plots a function of the distances of an atom defined in the t-distance form. The dmin,dmax line of the form defines length of the vertical axis of the plot.

The atom pairs between the central atom from the t-distance form and other atoms present in the m40 file are defined in the Select Atoms form (see Figure 58 page E-3), which is opened later. 

There is possibility to plot distances between more then one pair of atoms. Even if the user selected only one atomic pair there can be more than one curves in the picture as the distance functions are plotted for all symmetry positions. 

The option for plotting of the non-modulated curves is not interesting for non-composite structures as the resulting curve (dotted in the examples) is a line. An example of the non-modulated curves for composite structure is shown later in the next paragraph. 

Figure 127
The Form for Defining of Rho 

Constants for Calculation of the Valency Curves 

[image: image125.png]Rho constants





If the option for drawing of the valency curves is checked grapht  draws two picture: the first of the t-distances curves and the second (after press of the Continue button) for the t-valency curves. The bond valency parameters are defined according to Brown & Altermatt,1985. 

The rho constants necessary for the bond valency calculation are defined by user in the Rho constants form. 

Figure 128
Example of the  t-distance Plot. 




The “Continue” button is enabled as the next picture will show the valency curves
[image: image126.png]Graph t-distances for atom As
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Figure 129
Example of the  t-valency Plot.
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2.9.5 The t-distance Plot of Composite Structures

The t-distance plot for composite structures shows easily the features discussed in the Figure 117 page H-13. The distance of two atoms from different composite parts of the structure has no upper limit. The t-distance curve of such atoms plotted on the t interval between 0 and 1 can has its minimum out of the interval - such minima are indicated by “<” character in the dist listing. 

Figure 130
Example of the  t-distance Plot for Composite Structure.



This is t-distance plot for two atoms belonging to different composite parts 

[image: image128.png]Graph t-distances for atom Srl





The t-distance form (Figure 126 page I-5) contains option for drawing of non-modulated curves calculated from average positions of atoms as refined in the m40 file. In the case of two atoms belonging to different composite parts the non-modulated curves are hyperbolic and can be used as estimation of the influence of the modulation to the distances. For instance, in the following figure the minimal distance without modulation could be too short. 

Figure 131
Example of the  t-distance Plot with non-modulated Curves Included



This is t-distance plot for two atoms belonging to different composite parts 

[image: image129.png]Graph t-distances for atom Srl
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This chapter shows on selected examples how to use effectively Jana98 computing system. 
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   The Jana98 Cookbook 

In this chapter a typical structures are demonstrated for groups of problems usually coming together.  The tools used for the solution were already described in previous part of the manual. The advantage of this part is that the steps which should be carried out appear in logical succession. Each step can be directly tested because the user is provided by all necessary data.

The crystallography of non-standard structures is still relatively new fast developing field. Jana98 responds to the latest demands of its users and cannot be considered finished work. The Jana98 cookbook is expected to develop continuously and the typical examples will be the best ones currently available. The users are encouraged to inform the authors about structures applicable as typical example for some range of problems. 

3.1 The Application of Heavy Atom Method

Fourier maps calculated in a small volume around specific point ( Contour plot of a section through 4D Patterson maximum ( Estimation of modulation parameters from Patterson maximum ( Usage of the checking Fourier syntheses ( Estimation of modulation coefficients by fourier ( Contour plot of modulation function ( Adding Fourier maxima by EditM40 

Example data
testa.m50, testa.m91

References

in preparation

Chemical formula

KAs(OH)2F4

Cell parameters

4.818 16.001 6.374 90 99.36 90

Modulation vector

0.8607 0 0.5585

Space group

C2/c(a0g)

This example deals with incommensurate modulated structure of KAs(OH)2F4 coming as testing example testa. 

It consists of deformed octahedrons As(OH)2F4 connected by a network of  hydrogen bonds and of potassium atoms between the octahedrons. The heavy atom As is in special position (0,y,0.25). 

The structure could be solved by usual way starting with the position of arsenic located from 3D Patterson synthesis calculated from main reflections, by solving the average structure and by refining the modulation waves by trial and error method. It revealed, however, that in this case the refinement of the modulation waves from unknown starting values is not easy and should be done very carefully. The better way was to avoid solution of average structure and start the refinement with all data set and the initial modulation coefficients estimated from 4D Patterson and Fourier synthesis. 

3.1.1 The Patterson syntheses in the whole independent volume

The Patterson syntheses is calculated by fourier  from input data stored in the m80 file. The m80 with coefficients for Patterson syntheses is prepared by Refine  provided that the m40 file doesn’t exist or contains zero number of atoms. 

The m50 control commands for fourier :

fourier

title 

maptype 1

end

The Patterson maximum convenient for estimation of modulation amplitudes of arsenic can be found combining the symmetry information from testa.m50 and list of the positive Patterson maxima in the fourier  listing testa.fou

Figure 132
The fourier listing for Patterson synthesis

. . . . 

Type of map  :

              F(obs)**2 - Patterson

Limits of sin(th)/lambda for acceptance are :  0.000000 10.000000

x2 from -.0156 to 0.5156 step 0.0156

x3 from -.0400 to 1.0400 step 0.0400

x1 from -.0500 to 0.3000 step 0.0500

x4 from 0.0000 to 1.0000 step 0.1000

Orientation : (2314)

. . . . 


The list of positive peaks written to the file m48

These peaks were successfully interpreted with 1 harmonic wave(s)

       x         y         z              rho   rel                     x         y         z              rho   rel

  1.  0.000000  0.000000  0.000000        3.25  868               11.  0.283852  0.147288  0.454440        0.14   37

  2.  0.009357  0.002856  0.057965        1.23  329               12.  0.277300  0.316362  0.593645        0.12   32

  3.  0.998982  0.261250  0.499997        0.94  251               13.  0.088933  0.483166  0.241450        0.09   24

  4.  1.000106  0.459747  0.500004        0.71  190               14.  0.999526  0.174414  0.500004        0.08   21

  5.  0.000000  0.273394  0.000000        0.65  174               15.  0.095472  0.276698  0.757262        0.08   21

  6.  0.101176  0.000000  0.754478        0.56  150               16.  0.256211  0.351880  0.085524        0.08   21

  7.  0.229695  0.088428  0.066705        0.39  104               17.  0.229410  0.058023  0.391628        0.07   19

  8.  0.264882  0.318348  0.418543        0.24   64               18.  0.202111  1.053342  0.377577        0.06   16

  9.  0.097163  0.259659  0.250599        0.22   59               19.  0.285224  0.429302  0.619067        0.05   13

 10.  0.238763  0.352363  0.521963        0.14   37               20.  0.225052  0.298183  0.894565        0.04   11

The Patterson peak (0,0.261,0.5) was interpreted as (0,2y,0.5) maximum corresponding to the distances between arsenic in the basic position (x1,x2,x3,x4) and in the one in position (x1,-x2,x3,x4) corresponding to the symmetry transformation by mirror plane. 

3.1.2 The Analysis of the Patterson maximum (0,2y,½ ). 

In the next step three sections by Patterson map were calculated by program fourier in a small volume around the point (0,0.261,0.5). In this type of Patterson/Fourier synthesis the orientation should be chosen with help of the fourier  control commands as it cannot be changed by contour. The uiso command was used to sharpen the Patterson syntheses. The center command defines the position of the Patterson maximum as the central point of the map. The scope command defines the dimensions of the map. The x4lim step is chosen very fine in order to get accurate shape of the maximum, the small step argument gives a smooth contours of the plot. See Table 14 page F-2 for more information about fourier control commands. 

The contour  program can recognise automatically that the m81 file contains data for plotting of x4-xn section and plots immediately the section defined by center, orient and scope commands. The contour step should be set (with help of Options button) very fine in order to determine exactly the place where the positive maximum merges to the zero level plane of the map. 

Figure 133
Sections by Patterson map calculated in the vicinity of the Patterson maximum (0,2y,1/2)

(a)
x1-x4 section

(b)
x2-x4 section

(c)
x3-x4 section
[image: image130.wmf]
[image: image131.wmf]
[image: image132.wmf]
The amplitudes of modulation movement of the arsenic can be directly determined from the figures as one quarter of the difference between the most narrow and most wide width of the maximum. The resulting amplitudes (in fraction units) were 0.007, 0.014 and 0.026 for x1-x4, x2-x4 and x3-x4 sections, respectively. 

From the special position of the arsenic (0,y,0.25) follows that  its first harmonic positional  wave can be described by following equations: 

x1 = x10 + u1s1sin(2x4)

x2 = x20 + u2c1cos(2x4)

x3 = x30 + u3s1sin(2x4)

Thus the modulation parameters can be directly assigned as |u1s1| = 0.007, |u2c1| = 0.014 and |u3s1| = 0.026. The first one (in respect of the cell parameter a) is small and it’s sign is not important. The signs of the remaining two parameters can be -,- (which is equivalent to +,+) or -,+ (equivalent to +,-). The equivalence of --,++ and -+,+- follows from the fact that the forth coordinate of the origin should be fixed at x4=0 or x4=0.5and the x2 and x3 components of the modulation wave change the sign together after the phase shift by .  

The uncertainty of the signs was resolved by analysis of the section x2-x3 at x4=0.25, where both displacements are combined. First normal Patterson syntheses (maptype 1) was calculated with fourier  control commands listed in Figure 134.

Figure 134
The x2-x3 section through the Patterson peak (0,2y,1/2) at x4=0.25.

The Patterson synthesis based on F2obs(h)

[image: image133.wmf]
Then the modulation coefficients were added to the m40 file
 with tentative signs +u2c1 and +u3s1. The Refine  with zero cycles was used to prepare the m80 file with input data for checking Patterson. Then the checking Patterson synthesis was calculated and the contour  plot was compared with the one resulting from normal Patterson map. It was evident that the signs of the modulation coefficients were wrong. Another checking Patterson calculated with signs -u2c1 and +u3s1 corresponded to the normal Patterson map. 

Figure 135
The m40 file containing the modulation coefficients of arsenic with tentative signs + u2c1 and + u3s1
1    0    0    0

 1.000000 0.000000 0.000000 0.000000 0.000000 0.000000      100000

 0.000000

 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000      000000

 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000      000000

As        1  1     0.500000 0.000000 0.630000 0.250000      000  0  1  0

 0.037995 0.000000 0.000000 0.000000 0.000000 0.000000      0010100000

 0.007000 0.000000 0.026000 0.000000 0.014000 0.000000      101010

 0.000000                                                   0

Figure 136
The x2-x3 section through the Patterson peak (0,2y,1/2) at x4=0.25

(a) the Patterson synthesis based on F2calc(h) - the solution with + u2c1 and + u3s1
(b) the Patterson synthesis based on F2calc(h) - the solution with - u2c1 and + u3s1
[image: image134.wmf]
[image: image135.wmf]
3.1.3 Fourier Syntheses and Refinement

Once the first modulation wave of the arsenic was known it was possible to find light atoms of the structure from Fourier map. First the structure was refined with the refinement keys 

fixed xyz *

fixed mod *

in order to refine the temperature parameters and the scale factor but NOT the modulation coefficients found from the Patterson map. Then the Fourier synthesis (maptype 2) was calculated and the peaks were interpreted with one harmonic wave (which is the default setting). The following figure shows that all light atoms were found altogether in this single step as the maxima 2,3,4,5 corresponds to K, F1,F2 and O, respectively. 

Figure 137
The results of the Fourier synthesis with phasing model based on arsenic. 

 The list of positive peaks written to the file m48

 These peaks were successfully interpreted with 1 harmonic wave(s)

        x         y         z              rho   rel                     x         y         z              rho   rel

   1. -0.000977  0.368836  0.748825      242.50  952 =As            6.  0.134021  0.315222  0.734437        9.80   38

   2.  0.001754  0.091906  0.750563       75.82  298                7.  0.002645  0.166312  0.247452        9.68   38

   3.  0.097360  0.371924  0.501550       29.82  117                8.  0.000139  0.349651  0.615650        8.59   34

   4.  0.240557  0.448605  0.831143       25.14   99                9.  0.002450  0.171965  0.750811        8.56   34

   5.  0.249148  0.203665  0.166053       22.53   88

The maxima together with the modulation coefficients used for their interpretation are saved by fourier  in the m48 file and can be added to m40 with help of the “Replacing/inserting atoms” tool of EditM40. After refinement of the scale and temperature parameters the resulting R factors were 20.10% for all observed reflections and 12.97% for main reflections. Refinement without fixing of the first modulation waves (i.e. with “fixed xyz *” and “fixed mod *” control commands removed) converged fast with R factors for all observed reflections and for main reflections 11.39% and 7.61%, respectively
. Adding of another positional wave and two temperature waves for each atom is then only routine work and leads to the results known from the testing example testa. .

Testing Rigidity of a Molecule

[image: image136.png]1S

PERMANENTNE





This chapter is being prepared

4 Appendices
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4.2 Troubleshooting

4.2.1 Installation and Compilation of Jana98


· C compiler cannot find include files for X11 graphic library

The compilation fails with a message that the C compiler cannot find files like Xlib.h, Xutil.h etc. The reported files are include files of the X11 graphic library which are usually located in some subdirectory of the /usr/include and are usually on the default path for the C include files. Some workstations, however, need to define the path explicitly with help of the –I option of the C compiler. See the HP section of the Makefile, page A-9, for details. 


· Linker cannot find X11 graphic library

The compilation fails with a message that the linker cannot find objects like XCreateWindow, XMapWindow etc. The reported files are objects of the X11 graphic library Xlib.a which is usually on the default path for the linker. In rare cases the path needs to be defined explicitly with help of the –L option of the linker. See the HP section of the Makefile, page A-9, for details.


· Compiled program has too small limits for number of atoms, parameters, equations etc. 

Change the relevant parameter in the file params.cmn and run again the make. The list of the parameters and their purpose is in Table 1.

4.2.2 Running Jana98

· Jana98  cannot find the system files

Jana98 needs for its run configuration files, font files etc. It searches them in the system directory denoted here as JANADIR, which is defined during installation of Jana98 as the installation directory. The user can redefine the system directory pathname by setting the variable JANADIR. See §1.1.6, page A-14 for details. 

. 


· Jana98  fails for the lack of memory
The PC version of Jana98 runs in the protected memory mode of MSDOS. If you run Jana98 with Windows95, you should change the MSDOS protected memory setting of the MSDOS shortcut for jana98.exe to the recommended value 65535. See 

Figure 2 page A-13 for details.


· Jana98  does not understand filenames

Jana98 does not support mixed case file names. They have to be written in lower cases. This is because of compatibility between UNIX and PC. 

. 

4.3 Overview of Control Commands

4.3.1 The Table of Parameters

Atomic parameters


scale parameters


scale1
scale2
scale3
scale4
scale5
scale6




extinction parameters


giso
rhoiso








g11
g22
g33
g12
g13
g23




rho11
rho22
rho33
rho12
rho13
rho23




extinction parameters


giso
rhoiso








g(1,1)
g(2,2)
g(3,3)
g(1,2)
g(1,3)
g(2,3)




rho(1,1)
rho(2,2)
rho(3,3)
rho(1,2)
rho(1,3)
rho(2,3)




occupation

ai









positional parameters

x
y
z







temperature parameters

U11
U22
U33
U12
U13
U23




beta11
beta22
beta33
beta12
beta13
beta23




anharmonic temperature parameters


C111
C112
C113
C122
C123
C133
C222
C223
C233

C333









D1111
D1112
D1113
D1122
D1123
D1133
D1222
D1223
D1233

D1333
D2222
D2223
D2233
D2333
D3333




E11111
E11112
E11113
E11122
E11123
E11133
E11222
E11223
E11233

E11333
E12222
E12223
E12233
E12333
E13333
E22222
E22223
E22233

E22333
E23333
E33333







F111111
F111112
F111113
F111122
F111123
F111133
F111222
F111223
F111233

F111333
F112222
F112223
F112233
F112333
F113333
F122222
F122223
F122233

F122333
F123333
F133333
F222222
F222223
F222233
F222333
F223333
F233333

F333333









occupational modulation parameters

o









osin1
ocos1








…
…








osin16
ocos16








modulation positional parameter

xsin1
ysin1
zsin1
xcos1
ycos1
zcos1




…
…
…
…
…
…




xsin16
ysin16
zsin16
xcos16
ycos16
zcos16




modulation temperature parameters


U11sin1 Beta11sin1
U22sin1 Beta22sin1
U33sin1 Beta33sin1
U12sin1 Beta12sin1
U13sin1 Beta13sin1
U23sin1 Beta23sin1

U11cos1 Beta11cos1
U22cos1 Beta22cos1
U33cos1 Beta33cos1
U12cos1 Beta12cos1
U13cos1 Beta13cos1
U23cos1 Beta23cos1

…
…
…
…
…
…

U11sin16 Beta11sin16
U22sin16 Beta22sin16
U33sin16 Beta33sin16
U12sin16 Beta12sin16
U13sin16 Beta13sin16
U23sin16 Beta23sin16

U11cos16 Beta11cos16
U22cos16 Beta22cos16
U33cos16 Beta33cos16
U12cos16 Beta12cos16
U13cos16 Beta13cos16
U23cos16 Beta23cos16

phason parameter

phason









Molecular parameters


occupation

aimol









molecular position

phi
chi
psi
x-trans
y-trans
z-trans




temperature parameters

T11
T22
T33
T12
T13
T23




L11
L22
L33
L12
L13
L23




S11
S21
S31
S12
S22
S32
S13
S23
S33

modulation temperature parameters

om









omsin1
omcos1








…
…








omsin16
omcos16








modulation positional parameters

xtsin1
ytsin1
ztsin1
xtcos1
ytcos1
ztcos1




xrsin1
yrsin1
zrsin1
xrcos1
yrcos1
zrcos1




…
…
…
…
…
…




xtsin16
ytsin16
ztsin16
xtcos16
ytcos16
ztcos16




xrsin16
yrsin16
zrsin16
xrcos16
yrcos16
zrcos16




modulation temperature parameters

T11sin1
T22sin1
T33sin1
T12sin1
T13sin1
T23sin1




T11cos1
T22cos1
T33cos1
T12cos1
T13cos1
T23cos1




L11sin1
L22sin1
L33sin1
L12sin1
L13sin1
L23sin1




L11cos1
L22cos1
L33cos1
L12cos1
L13cos1
L23cos1




S11sin1
S21sin1
S31sin1
S12sin1
S22sin1
S32sin1
S13sin1
S23sin1
S33sin1

S11cos1
S21cos1
S31cos1
S12cos1
S22cos1
S32cos1
S13cos1
S23cos1
S33cos1

…
…
…
…
…
…
…
…
…

T11sin16
T22sin16
T33sin16
T12sin16
T13sin16
T23sin16




T11cos16
T22cos16
T33cos16
T12cos16
T13cos16
T23cos16




L11sin16
L22sin16
L33sin16
L12sin16
L13sin16
L23sin16




L11cos16
L22cos16
L33cos16
L12cos16
L13cos16
L23cos16




S11sin16
S21sin16
S31sin16
S12sin16
S22sin16
S32sin16
S13sin16
S23sin16
S33sin16

S11cos16
S21cos16
S31cos16
S12cos16
S22cos16
S32cos16
S13cos16
S23cos16
S33cos16

phason parameter

phasonm









 The Refinement control commands

BASIC CONTROL COMMANDS

name
description

CYCLES
Syntax:  cycle number
Default value:  cycle 1

Number of the refinement cycles. Can be changed interactively from the Refine menu. If number = 0, Refine calculates directly the last cycle.

DAMP

Syntax:  damp number
Default value:  damp 1

The damping factor multiplies all parameter changes after the refinement cycle. It can be changed interactively from the Refine menu.

WEIGHT
Syntax:  weight flag
Default value:  weight 0

Sets the weighting scheme

flag = 0
w = 1/( (2(Fobs) + (0.01 ( unstab ( Fobs)2 )


(unstab  can be set by the unstab command)

flag =1
unit weight 

flag =2
Cruickshank's weight :


w = 1/( 2(yomin + Fobs + 2(

/yomax )


(see yomin and yomax commands)

UNSTAB
Syntax:  unstab number
Default value:  unstab 0

Coefficient of unstability
 used for the calculation of weight (see the command weight)

FSQUARE
Syntax:  fsquare number
Default value:  fsquare 0

flag = 0

the refinement will be carried out on Fc and Fo
flag = 1 
the refinement on Fc2 and Fo2

RESTRICTIONS

name
description

AUTKEYS
Syntax:  autkeys flag
Default value:  autkeys 1

Key for the automatic setting of all refinement keys (see § 2.4.2 page D-4 for the explanation)

flag = 0

off

flag = 1 
on

AUTSPEC 
Syntax:  autspec flag
Default value:  autspec 1

Key for automatic setting of the refinement keys for the parameters of atoms in special positions. See § 2.4.2 page D-4. 

flag = 0

off

flag = 1 
on

If autkey is set to 1 and autspec is set to 0 in the same time, all refinement keys are initialized to “1” and the symmetry restrictions are not applied. 

RESTRIC
Syntax:  restric at1 flag  at2 at3 . . .
Default value:  none

Sets restrictions on coordinates, thermal, modulation and occupancy parameters for a group of atoms from the file m40. The type of the restriction is selected by the flag. The restricted parameters will be refined only for the atom at1 and kept the same at2, at3 …. If the atom at1 is missing, the restricted parameters will be refined for the first atom from the list on the right - see example at the end of this paragraph. 

The atom names can contain wildcards (see § 1.2.4 page A-31).

The priority of the restric command is lower then equation command. Thus the equation command overrides the restrictions set by restric regardless of the order of the commands in m50 file. 

If the flag is negative, the restriction is defined for two mutually exclusive atoms. This means that the occupation modulation waves of the atoms are complementary such that both atoms cannot exist in the same point of superspace. 
flag = 4
occupational sum

The sum of the occupancies in the group is held constant. 

flag = -4
complementary occupational waves (only for atom pairs)

o[at1]
 + o[at2] is constant

osin1[at2] = -osin1[at1]
. . . . . . 

osin16[at2] = -osin16[at1]

flag = 13
thermal parameters
The thermal parameters in the group are held equal.

flag = 3
occupational sum + thermal parameters

The sum of the occupancies in the group is held constant. The thermal parameters in the group are held equal.

flag = -3
complementary occupational waves + thermal parameters (only for pair of atoms)

Two atoms are mutually exclusive

Their thermal parameters are held equal.


flag = 12
thermal and modulation parameters
The thermal and modulation parameters within the group are held equal

flag =  2
occupational sum + thermal and modulation parameters
The sum of the occupancies within the group is held constant

The thermal and modulation parameters in the group are held equal

flag =  -2
complementary occupational waves + thermal and modulation parameters 

(only for pairs of atoms)

Two atoms are mutually exclusive

Their thermal and modulation parameters are held equal

flag = 11
positional, thermal and modulation parameters
The positional, thermal and modulation parameters in the group are held equal

flag = 1
occupational sum + positional, thermal and modulation



parameters
The sum of the occupancies in the group is held constant

The positional, thermal and modulation parameters in the group are held equal

flag = -1
complementary occupational waves + positional, thermal and modulation parameters 


(only for pairs of atoms)

Their positional, thermal and modulation parameters are held equal

Examples:  
restric Cu1 11 Ag1 al* C?  
(see § 1.2.4 page A-31 for 







atom names conventions)



restric h* 13
(In this example the atom at1 is 





missing so the restricted parameters





will be refined for the first atom of the list h*)

FIXED
Syntax: 
fixed flag at1 at2 . . .


fixed parameter[at] parameter[at] . . . 

Default value:  none

Key for fixing specific groups of parameters for the atoms at1, at2 …. The corresponding refinement keys of these atoms are set to zero so the  selected parameters are not refined. 

This command doesn’t work if the automatic setting of the refinement keys is disabled by the autkeys 0 command. (See § 2.4.2 page D-4 for more information about the refinement keys)

The atom names can contain wildcards (see § 1.2.4 page A-31).

flag = xyz
positional parameters

flag = all
all parameters

flag = beta

thermal parameters 

flag = u
thermal parameters

flag = mod
modulation parameters

flag = pol
fixing of the origin will be carried out by means of atom at1


(Example: fixed pol C12)

flag = x4
fixing of the origin in the x4 direction. The name of the atom is followed by the name of the fixed parameter.


(Example: fixed x4 C12 xsin1 … the origin in the x4 direction will be fixed by means of the xsin1 parameter of atom C12)

parameter[at]
is a name of the refined parameter for a specific atom at
Examples:  
fixed mod C1 c2 b*
(fixes modulation of specified






atoms)



fixed all *

(fixes all parameters for all atoms)


fixed scale6 x[Sn1] U12[Sn3] 
(fixes the 6th scale factor, x coordinate of the atom Sn1 and the U12 temperature parameter of the atom Sn3. The parameter scale6 has no reference to an atom as it is overall parameter.)

EQUATION
Syntax:  
equation for atom at1 . . atn : parameter = expression

equation : parameter[at] = expression

(The colon must be separated by spaces)
Default value:  none

Enables to apply linear restrictions to the refined parameters. 

at1 . . . atn  
is a list of atoms from m40 for which the restriction will be applied. The names of the atoms are case insensitive. Wildcards are not permitted! 

parameter
is a name of the refined parameter (see Table 11 page D-5 for the list of parameter names)

parameter[at]
is a name of the refined parameter for a specific atom at
expression
linear expression composed from numbers, arithmetic signs “+”, “-“ ,“*” and names of the refined parameters. The parameters are introduced in the form parameter or parameter[at] dependent on the type of the equation. 

Examples:

equation for atoms cu1 cu2 Al3 : y = 0.2*x + 0.15

equation : ocos1[co2] = 0.0423 - 0.7*osin1[fe3]

equation : ocos1[co*] = 0.0423 - 0.7*osin1[fe3]


syntax error  (wildcards)

equation : ocos1[co2] = 0.0423 - 0.7*osin1


syntax error (mixed parameter and parameter[at])

equation for atoms cu1 cu2 Al3 : y = 0.2*x[c25] + 0.15 

syntax error (mixed parameter and parameter[at])

INPUT REFLECTIONS

name
description

YOMIN
Syntax:  yomin number
Default value:  yomin 5

Minimum value of Fo used for the calculation of Cruickshank's weight

YOMAX
Syntax:  yomax number
Default value:  yomax 200

Minimum value of Fc used for the calculation of Cruickshank's weight

SIGLEVEL
Syntax:  siglevel number
Default value:  siglevel 3

The limit for observed reflections I/((I)

USEUNOBS
Syntax:  useunobs flag
Default value:  useunobs 1

Key for using of the unobserved reflections. The observability limit can be changed from the default value 3 by command siglevel.

flag = 0
the unobserved reflections are not used

flag = 1 
the unobserved reflections are used

SNLMN
Syntax:  snlmn number
Default value:  snlmn 0

Minimal value of sin(/( for acceptance of the reflection into the refinement

SNLMX
Syntax:  snlmx number
Default value:  snlmx 10

Maximal value of sin(/( for acceptance of the reflection into the refinement

SKIPFLAG
Syntax:  skipflag flag1 flag2 . . .
Default value:  none

The reflections with the user key = flag  will be skipped. See the example of m91 file, page C-14,  for the location of the user key. 

SELSAT
Syntax:  selsat flag
Default value:  selsat -2

Selection key for including satellite reflections into the refinement. 

flag = -2
all reflections will be included

flag = -1 
only satellite reflections will be included

flag = 0 
only main reflections will be included

flag = n 
only reflections with the satellite index |m|=n will be included

SELCOMP
Syntax:  selcomp flag
Default value:  selcomp 0

Key for the selection of reflections for composite structures

flag = 0

selects all reflections 

flag = 1 
selects reflections of the 1st composite

flag = 2 
selects reflections of the  2nd composite

flag = 3 
selects reflections of the  3rd  composite

flag = 4 
selects reflections common to the 1st  and 2nd  composite

flag = 5 
selects reflections common to the 1st  and 3rd  composite

flag = 6 
selects reflections common to the 2nd   and 3rd  composite

flag = 7 
selects reflections common to all three composite parts

SKIPBAD
Syntax:  skipbad flag
Default value:  skipbad 0

Key for deleting of the not matching reflections from the refinement. The reflections with w1/2 |Fo-Fc| > limit will be deleted. The predefined value of limit is 3 and can be changed by the badref command. 

DONTUSE
Syntax:  dontuse group : condition  except  condition

(The colon must be separated by spaces)

Default value:  none

Defines the group of reflections which will not be used in the refinement. The group denotes a class of reflections for which the condition will be tested. The number of indices in the group  must be the same as the dimension of the superspace (hkl, hklm, hklmn, hklmnp). Some of the indices in the group can be zeroes. No other changes of the group  are permitted. The syntax of condition  is elucidated in the following examples.

Examples:

dontuse hklm : h-k+2l-m=5n+2

dontuse hklm : h-k+2l-m=5n+2 except h=2n

dontuse 00l : l=2n

dontuse hhl : h=2n  syntax error

SCALE 
Syntax:  scale number for group : condition

(The colon must be separated by spaces)

Default value:  none

Sets individual scale factor
 for a group of reflections fulfilling the condition.. The number is used for the scale flag in the file m91 (see § 2.3.9 page C-11) The syntax for the group and condition is the same as for the dontuse key. 

Example: scale 5 for hklm : h=2n

OUTPUT

name
description

BADREF
Syntax:  badref number
Default value:  badref 3

Sets the limit for not-matching reflections. The reflections with  w1/2 |Fo-Fc| > number will be marked in the listing ref by #. (A proper combination of badref and print makes possible to limit the output of the not-matching reflections.)

PRINT
Syntax:  print flag
Default value:  print -2

Sets the key for the output of the information about structure factors to the listing ref. 

flag = -2 
only structure factors with w1/2|Fo-Fc| > limit will be printed in the last cycle of the refinement. The limit can be set by the badref command. 

flag = -1 
only structure factors with w1/2|Fo-Fc| > limit will be printed in the first and in the last cycle of the refinement 

flag = 0
no output

flag = 1 
all structure factors used in the refinement will be printed in the first and the last cycle of the refinement 

flag = 2 
all structure factors admitted for the refinement will be printed in the last cycle of the refinement 

CORR
Syntax:  corr number
Default value:  corr 0.9

The key for the printing of the correlations to the refinement listing. All correlations   larger than |number| will be printed

STAT
Syntax:  stat flag
Default value:  stat 1

key for the output of the R statistics to the refinement listing (See § 2.4.7, page D-22).

flag = 0 
 off

flag = 1 
 on

FOFC
Syntax:  fofc flag
Default value:  fofc 0

Key for creating of the file  m93  with the Fo-Fc table for publication. 

flag = 0

off

flag = 1 
on

EXTINCTION 


name
description

IEXT

Syntax:  iext flag
Default value:  iext 0

Key of the extinction correction

flag = 0 
no extinction correction 

flag = 1 
isotropic extinction correction 

flag = 2
anisotropic extinction correction

ITYPE

Syntax:  itype flag
Default value:  itypext 1

The type of the extinction correction

flag = 1 
extinction type I 

flag = 2 
extinction type II 

flag = 3
general case (simultaneous refinement of both I and II)

IDISTRiii
Syntax:  idistr flag
Default value:  idistr 1

Key of the statistical distribution of the mosaic domains

flag = 1 
 Gaussian distribution

flag = 2 
 Lorentzian distribution

RADIUSiii
Syntax:  radius number
Default value:  radius 0.01

The radius of a spherical sample in  cm

UHMONiii
Syntax:  uhmon number
Default value:  uhmon 0

Angle (2() of the monochromator in degrees

TESTING OF OVERLAPS

name
description

CHECKRAN 
Syntax:  
checkran number
(number of orientation matrices)

r11 r12 r13


r21 r22 r23


r31 r32 r33


….

Default value:  checkran 0

Key for the checking of overlaps. (see § 2.4.6 page D-18 for the explanation)

DFOFTW 
Syntax:  
dfoftw number

(Ndim values)

dfoftw number


….

Default value:  dfoftw 0.01
(Ndim values)


dfoftw 0.01


….

Key for testing of the overlaps for the meroedric or rational twins. (see § 2.4.6 page D-18 for the explanation)

OMDIF 

THDIF 

CHIDIF
Syntax:  
omdif  
number1  number2


thdif  
number1  number2 


chidif  
number1  number2
Default value:  
omdif 0.1 0.5


thdif 0.1 0.5


chidif 0.5 5.0

The limit for the testing of the random overlaps in degrees. (see § 2.4.6 page D-18 for the explanation)

OVERLAP 
Syntax:  
overlap
(Ndim x Ndim matrix and Ndim vector)


m11 m12 . . . m1n


m21 m22 . . . m2n


. . . . . . . . .


mn1 mn2 . . . mnn


v1  v2  . . . vn
Default value:  none

Key for testing of the overlaps in the “almost” commensurate structures. (see § 2.4.6 page D-18 for the explanation)

CALCULATION METHODS for modulated structures

name
description

METHOD   
Syntax:  method flag
Default value:  method 1

Key for selection of the structure factors calculation method

flag = 0

Bessel functions

flag = 1 
Gaussian method

flag = 2 
Fast Fourier transform method

GRID 
Syntax:  grid number
Default value:  grid 32

The grid for the Gaussian method (see the command method)

DIFF
Syntax:  diff number
Default value:  diff 0.00001

The accuracy of calculation of Bessel functions (see the command method)

4.3.2 The fourier control commands

CALCULATING THE ELECTRON DENSITY MAP

name
description

MAPTYPE
Syntax:  maptype flag
Default value:  maptype 2

Type of the Fourier syntheses

flag = 1 
Patterson map (F2obs  coefficients) 

flag = 2 
Fourier map (Fobs coefficients) 

flag = 3 
Checking Fourier (Fcalc coefficients) 

flag = 4 
Difference Fourier (Fobs - Fcalc coefficients) 

flag = 5 
Checking Patterson  (F2calc coefficients) 

flag = 6 
-synthesis (F2obs Fcalc coefficients) 

flag = 7 
-synthesis  (F2obs/Fcalc coefficients) 

flag = 8
Difference Patterson (F2obs - F2calc coefficients) 

flag = 9 
Shape functions (The coefficients = 1) 


ORIENT
Syntax:  orient code
Default value:  the most effective orientation for the calculation of the maps

This key defines two dimensional sections by the electron density map and the order of their storage in the m81 file. The code consists of three (or more for 3+d structures) sequence numbers of the basic cell vectors. The sections can be visualised by contour, which reads them from the m81 file in the order defined by the orient key. 

Example 1:
orient 123

The plane of the section is defined by a and b cell vectors. The horizontal axis of  the section runs along a. The sections are stored in m81 file by ascending order of the z coordinate (the step in z coordinate can be defined by step or x3lim command)

Example 2:
orient 1432

This key is valid for 3d+1 structures. The plane of the section is defined by a cell vector and the 4th axis. The sections are stored in m81 file by ascending order of y coordinate such that each section in y  is followed by all  z sections for this value. 

Another examples are presented together with the contour program description (see § 2.7 page G-1  )

XLIM

YLIM

ZLIM

X1LIM

X2LIM

X3LIM

X4LIM

X5LIM

X6LIM

Syntax:  xlim min max step
Default value:  The independent volume of the elementary cell, step 0.25 Å

These keys set the limits and steps for the calculation of the maps. The xlim, ylim and zlim are synonyms for x1lim, x2lim and x3lim used for modulated structures. These keys are usually used together with the center command. 

Example:
xlim 0 0.5 0.1


ylim 0 0.5 0.1


zlim 0 0.5 0.1


Sets the limit such that the map will be calculated in one quarter of the unit cell. The step for the calculation 0.1Å such that there will be 0.5*c /0.1 sections in z  direction.  

Another examples are presented together with the contour program description (see § 2.7 page G-1  )

STEP
Syntax:  step number
Default value:  step 0.25

Sets step in Å for calculation of the maps. This step can also be changed separately for single axis by xlim, ylim  etc. commands. 

CENTER
Syntax:
center x1 x2 x3

center at
Default value:  none

Defines the central point of the map. It is used together with the xlim keys and the scope key to defined the area for the calculation of the map. The central point can be defined by fractional coordinates x1, x2 and x3 or by the name of some atom present in the m40 file. If the atom is a part of a model  molecule, its position should be specified by the discriminative character appended to the atom name (see § 1.2.4 page A-31).

See the scope key for examples. 

SCOPE
Syntax: scope rx ry rz
Default value:  scope 0.5 0.5 0.5

This command is used together with the center key for definition of the area for the calculation of the map. The numbers defines the size of the map along a, b and c axis, respectively. In the case of 3+d structures the information given by the scope command should be extended by the x4lim, x5lim and x6lim commands. 

Example 1:
center As


scope 2 2 1


orient 123

The area with the middle point in the arsenic atom and the dimensions (1Å along a axis, (1Å along b axis and (0.5Å along c axis is defined. The plane of the section is ab, will be 1/0.25 = 4, where 0.25 is the default step.

Example 2:
center As


scope 2 2 1 step 0.2


orient 123


The  same as in the example 1 excepting the number of the sections in z direction. As the step command is valid for all axis, it also affects the calculation of the single sections.  

Example 3:
center As


scope 0.5 0.5 2


x4lim 0 1 0.1


orient 3412

This example prepares the Fourier map suitable for plotting of the modulation function of z coordinate of the arsenic by the contour program. See § 2.7 page G-1 for more information. 

SNLMN

SNLMX
Syntax: snlmn number
Default value:  
snlmn 0


snlmx 10

Sets minimum (maximum) value of sin/ for acceptance of the reflections for  the calculation

CUTTING
Syntax: cutting number
Default value:  cutting 0

The reflections with |Fobs| > |Fcalc| * number will not be used for the calculation.

ADDBORD
Syntax: addbord flag
Default value:  addbord 1

If the flag is set to 1, one step is added to the volume in which the map is calculated. The scope command  automatically switches off the addbord flag. 

SUBSYS
Syntax: subsys number
Default value:  subsys 1

Selects the composite for which the Fourier map will be calculated. 

METHOD
Syntax: method flag
Default value:  method 0

Selects the method for the calculation of the Fobs in the case of a twin. The Fourier map is calculated for the first twin domain. The observed structure factors must be recalculated as if the whole crystal would consist only of the 1st twin. There are two ways how to do it:

flag = 0


, where n is number of twin domains and vi is volume fraction

flag = 1


, where p1 is the portion of the first twin domain



UISO

BISO
Syntax: uiso number
Default value:  
uiso 0


biso 0

The additional temperature factor in U or Beta form used for sharpening of the Patterson syntheses

CALC
Syntax: calc flag
Default value:  calc 1

If the flag is set to zero, fourier  doesn’t calculate the map assuming that it was already calculated. It can be used for searching the map for the local extremes without its calculation. 

PEAKS
Syntax: peaks flag
Default value:  peaks 1

If the flag is set to zero, fourier doesn’t search the map for the local extremes. 

SEARCHING THE MAP FOR LOCAL EXTREMES

name
description

POSITIVE
Syntax: positive number
Default value:  number = n+5, n depends on the map type
. 

The maximal number of positive peaks to be found in the map.

NEGATIVE
Syntax: negative number
Default value:  negative 5

The maximal number of negative peaks to be found in the map.

DMAX
Syntax: dmax number
Default value:  dmax 1

The limit in Å for distinguishing two different maxima

HARMONIC
Syntax: harmonic number
Default value: harmonic 1 

The number of harmonic waves used for the construction of the curve representing the position of the maximum. Using more than 2 harmonics is NOT recommended. 

dist control commands

BASIC COMMANDS

name
description

DMIN

DMAX
Syntax:
dmin number


dmax number
Default value:
dmin 0


dmax the same as the dmax field in the basic crystal information part of the  m50 file (see 

Figure 46
 page C-9)

The limits for distances calculation in Å. Only distances and angles  between dmin and dmax will be calculated for specific central atom. 

Note that the lower distances limit is overall while the upper one can differ for each chemical type. If the dmax control command is used, the upper distances limit is overall too. 

SELECT
Syntax:  select atoms
Default value:  select *

Select the central atoms for the calculation. The wildcards are permitted. 

INCLUDE
Syntax:  include flag
Default value:  include 0

Includes the Fourier maxima/minima files to the calculation

flag = 0
the Fourier maxima/minima won’t be used

flag =1
includes the m48 file with positive Fourier peaks

flag =2
includes the m47 file with negative Fourier peaks

flag =3
includes both m47 and m48 file

ANGLES
Syntax:  angles flag
Default value:  angles 0

Sets calculation of angles

flag = 0
The angles won’t be calculated

flag =1
The angles will be calculated

FULLCOOR
Syntax:  fullcoor flag
Default value:  fullcoor 1

flag = 0
the specific distance will be calculated and printed only once. The coordinations of some central atoms in the dis listing therefore will be uncomplete. 

flag = 1 
full coordination will be calculated for each central atom

ROUND
Syntax:  round flag
Default value:  round 0

flag = 0
no rounding 

flag = 1 
the distances and e.s.d.’s will be rounded to to the first significant value. 

TORSION
Syntax:  torsion at1 at1 at3 at4

Default value:  none

Sets calculation of torsion angle. It is defined as the angle of vectors at2‑at1 and at3-at4 projected along at2-at3. The command can be repeated to calculate several torsion angles. The at1 at2 at3 at4 are names  of atoms used by dist  for calculation (see description of dist listing, page H-5). 

               at4

at1      at2

        (at3}

                  

PLANE
Syntax:  plane n1 n2 at2 at2 …. atn2

Default value:  none

Sets calculation of best planes. The plane is defined by names  of atoms used by dist  for calculation (see description of dist listing, page H-5). First n1 atoms of the list are used for the definition of the plane. The distances from the plane are calculated for all atoms of the list (n2 atoms). 

· The plane command must appear after the commands controlling distances and angles calculation.

· The list of atoms can continue on arbitrary number of lines

· The command can be repeated to calculate several best planes

If there is more than one best plane defined dist  calculates angles between them. 



SPECIAL COMMAND FOR MODULATED STRUCTURES

name
description

NOOFT

Syntax:  nooft number
Default value:  nooft 100

The number of equidistant t values used for calculation of distances and angles. This key is connected with each command. 

EACHi
Syntax:  each number
Default value:  each 10

The step for the printing of the t functions to the listing. For default setting each 10th value will be printed. This key is connected with nooft command.




TZERO

Syntax:  tzero number
Default value:  tzero 0

The initial value of t . 

TTABLES
Syntax:  ttables flag
Default value:  ttables 0

Sets output of the comprehensive table of coordination os function of the t coordinate. This command is especially useful for composites (see Figure 117 page H-13). 

flag = 0

off

flag = 1 
on

OCCUT
Syntax:  occut number
Default value:  occut 0

The lower limit of occupation for which the distances will be calculated. This key is useful for structures with occupation modulation. 

OCCIND
Syntax:  occind number
Default value:  occind 0.1

The distances of atoms with occupation less than number will be indicated in the dist  listing by “*”. 
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Reading of m91 





limits of indices





R factors from e.s.d : ([((Fi}/(Fi]





List of the systematically absent reflections 





Averaging of reflections 





List of averaged reflections  





R factors from e.s.d 





Final information about m91 





[all reflections = observed + unobserved]


182 = number of refined parameters





Ndim vector





Ndim x Ndim integer matrix





The copy of the refinement commands





Basic Crystal information





The interpretation  of the refinement commands
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The R statistics lists R factors for the reflections grouped by sin / and by their structure factors. The groups are defined to have approximately same number of reflections. 


The output of the R statistics is controlled by stat command (see � REF _Ref381685539 \* MERGEFORMAT �Table 13� page � PAGEREF _Ref381698926 �D-8�). The limits of the groups are calculated by Prelim  and written to the m50  file as slimits  and flimits  keys. 
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(	together	Total number of reflections in the group
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The names of the parameters are taken from � REF _Ref381618750 \* MERGEFORMAT �Table 11� page � PAGEREF _Ref381704013 �D-5�. They can be used for the defining of the refinement restrictions by the restriction commands restric, fixed and equation (see page � PAGEREF RESTRICTIONS �D-8�).
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(See � REF _Ref382139054 \* MERGEFORMAT �Figure 73� page � PAGEREF _Ref382139056 �E-12�)


 














The type of the temperature factor


0 means that the temperature parameters are taken from TLS tensors refined in the basic molecular part
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The order of the anaharmonic tensor


1	isotropic temperature parameter


2	harmonic atomic displacements


>2	anharmonic atomic displacements
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The copy of the fourier  commands





Basic crystal information





Information about the map





Positive peaks


rho is the absolute height of the maximum in e/A3. 


rel is relative height scaled together with the height of the negative peaks.





Assigned peak





Negative peaks





Information about the map





Positive peaks


are listed for 10 equidistant values of x4 coordinate. 





Properly interpreted peaks 


This is list of peaks which were interpreted with 1 harmonic wave. The rest of the peaks was discarded.  





Sends output to the printer specified in Preferences (see page � PAGEREF _Ref401226544 \h ��B-9�)











Saves the picture in HPGL or PostScript format











fractional coordinates 











Goes to the Contour options menu


(see page � PAGEREF _Ref403788165 \h ��G-3�)








Goes back to the main menu 











Goes to the previous section








Goes to specific section











Goes to the next section











The same for both ordinary and modulated structures. Shown in � REF _Ref383696534 \* MERGEFORMAT �Figure 93�








Superposition of sections. Will be explained in 


§ � REF _Ref383696840 \n �2.7.4� page � PAGEREF _Ref383696843 �G-8�








Draws electron density curves and potential curves defined by a section through selected maxima. Shown in � REF _Ref383696739 \* MERGEFORMAT �Figure 96� - � REF _Ref383696756 \* MERGEFORMAT �Figure 98� 








Searches for maxima and minima in selected area of the section. Shown in � REF _Ref383697071 \* MERGEFORMAT �Figure 95�.





Identifies atoms being near to the point selected by the pointer. Shown in � REF _Ref383696797 \* MERGEFORMAT �Figure 99�.











The selected atoms will be indicated by the cross. 








Prepares t-maps. The usage of the t�maps will be explained in the example of the general section by four-dimensional electron density map.


(see page � PAGEREF general_section �G-11�)





Sets the length of the 4th vector. This option is useful for the sections containing the x4 coordinate and will be explained in § � REF _Ref383697160 \n �2.7.5� page � PAGEREF _Ref383697164 �G-13� and in � REF _Ref383697188 \* MERGEFORMAT �Figure 111�.








The negative maxima (if selected) are plotted by dashed lines








The cutoff interval can suppress plotting of very strong maxima in order to get better performance and shorter HPGL or PostScript files.








3.


Click the second mouse button to start the searching procedure





2.


Click the first mouse button again to end the rectangle. Then you can draw another rectangle.








1.


Click the first mouse button and drag the rectangle








2.


Click first mouse button again and drag another segment of the polyline.








3.


Click second mouse button to end the polyline and start the drawing of the curves


.








1.


Click first mouse button and drag the line








The fractional coordinates


of the current pointer position








The plot coordinates


of the current pointer position








Saves the picture in HPGL or PostScript format











Goes to the potential curve plot











Options for the potential curve











Saves the picture in HPGL or PostScript format











Goes to the basic contour plot











The plot coordinates


of the current pointer position








The fractional coordinates


of the current pointer position








Click first mouse button to see which atoms of the structure are near to the pointer position. The limit for reporting the atoms was entered before.


For each found atom the distance from the pointer position and the symmetry code is reported. The symmetry code is built by rules described in § � REF _Ref381706988 \n �1.2.4� page � PAGEREF _Ref381706988 �A-19�.








Click second mouse button to end the locator mode





o1 o2 and o3 (Å)


Shift of the first atom defining the plane with respect to the origin of the plot








s1 s2 and s3 (Å)


The general section dimensions








The interpolation step 


Should be comparable with the step used for fourier 


(see § � REF _Ref382557649 \n �2.6.2� page � PAGEREF _Ref382557654 �F-2�)








General section dimensions: s1 x s2 x s3 Å.


First point of the plane shifted by o1, o2, -o3 Å from the origin.


Number of single sections in e3 direction is s3/step 





e3





s3/step


sections





e2





s2





AT3





AT2





AT1





o2





o3





0





e1





s1





o1





This section will be plotted first





-o3





fourier  commands:


fourier


title


maptype 2


end











o1





o2





AT3





AT2





AT1





The summation direction is e3








Absolute units in Å








fourier  commands:


fourier


title


maptype 2


end











Scales the plot by assigning arbitrary length to the 4th coordinate











Selects atoms for which the modulation function will be plotted














fourier  commands:


fourier


title


maptype 2


center As


scope 0.5 0.5 2


x4lim 0 1 0.1


step 0.1


orient 3412


end











Fractional coordinates














The modulation of the y  coordinate of As. 














Basic Crystal information








List of atoms which will be used for the calculation


The atoms with zero occupation or the ones coinciding with other atom are deleted


The atoms of the molecules (if present) are expanded to molecular positions and their names are extended by the discriminator characters (see § � REF _Ref384969454 \n �1.2.2� page � PAGEREF _Ref384969457 �A-14�) .











Interpretation of the control commands








1st page of distances printed in newspaper columns








The header of the listing is the same as in the previous example








First page of the results written in newspaper columns








1st best plane


Defined by command:


 plane 9 9 O1 C12 C7 C6 N3 C11 C10 C9 C8








2nd  best plane


Defined by command:


 plane 4 6 N2 C3 C5 N3 Zn C4








3rd best plane


Defined by command:


 plane 3 5 Zn N1 N2 C1 C2








Torsion angles


Defined by command:


Torsion N1 C1 C2 C2 


Torsion C2 N2 Zn N3


Torsion C6 N3 Zn O1








The angles between the three calculated planes








The header of the listing is the same as in � REF _Ref384970830 \* MERGEFORMAT �Figure 112� page � PAGEREF _Ref384972859 �H-5�








The positions of  Asa, F1a, F2a and O3a are calculated from the first position of the model molecule As,F1,F2,O3. 








First page of results








1st composite part


Comprises atoms Cu3 and O31 of the structure model











2nd composite part


Comprises atoms Sr1,Cu11,O11 and O2  of the structure model











First check if it is really Patterson synthesis





The independent volume of the unit cell and orientation are chosen automatically by fourier if not specified in the m50 control commands





The peaks are written to the m48 together with modulation waves used for their interpretation. These waves in the case of Patterson syntheses have no use for refinement. 





(a)





The m50 control commands for Patterson syntheses:


(see � REF _Ref382465552 \* MERGEFORMAT �Table 14� page � PAGEREF _Ref382485821 �F-2�)





maptype 1


uiso 0.005


center 1 0.261 0.5


x4lim 0 1 0.01


step 0.01


scope 2 0 0


orient 1432


end











This is the place where the positive maximum merges to the zero level plane of the map. 

















(b)





The m50 control commands for Patterson syntheses:


(see � REF _Ref382465552 \* MERGEFORMAT �Table 14� page � PAGEREF _Ref382485821 �F-2�)





fourier


 


maptype 1


uiso 0.005


center 1 0.261 0.5


x4lim 0 1 0.01


step 0.01


scope 0 2.3 0


orient 2413


end














(c)





The m50 control commands for Patterson syntheses:


(see � REF _Ref382465552 \* MERGEFORMAT �Table 14� page � PAGEREF _Ref382485821 �F-2�)








fourier


 


maptype 1


uiso 0.005


center 1 0.261 0.5


x4lim 0 1 0.01


step 0.01


scope 0 0 2


orient 3412


end

















The m50 control commands for Patterson syntheses:


(see � REF _Ref382465552 \* MERGEFORMAT �Table 14� page � PAGEREF _Ref382485821 �F-2�)








fourier


 


maptype 1


center 0 0.261 0.5


x4lim 0.25 0.25 0.1


step 0.01


orient 2314


scope 0 2 2


end








(a)





This solution is wrong as the shape of the maximum doesn’t correspond to one in � REF _Ref389208970 \* MERGEFORMAT �Figure 134�





The fourier  control commands:





fourier


 


maptype 5


center 0 0.261 0.5


x4lim 0.25 0.25 0.1


step 0.01


orient 2314


scope 0 2 2


end











(b)





This solution is good as the shape of the maximum corresponds to one in � REF _Ref389208970 \* MERGEFORMAT �Figure 134�





The fourier  control commands:





fourier


 


maptype 5


center 0 0.261 0.5


x4lim 0.25 0.25 0.1


step 0.01


orient 2314


scope 0 2 2


end

















The basic settings





Number of twin domain





End of the user part of the Makefile





The Bourne shell is mandatory  





This allows changing of the default directory structure. The enviromental variables used to the definition of the path should be enclosed in round brackets, for instance $(HOME).





scale number





Fortran 90 seems not to be useful for the present 





Silicon graphics, f77





Silicon graphics, f90





Sun, f77





Sun, f90





HP, f77





DEC, f77





DEC, f90





IBM,f77





IBM,f90





This part was enabled by the user because there are no ‘#’’ characters in the first column. 





This is the path to the X11 include files, which are not on the default path on many HP workstations. They are usualy located in some subdirectory of /usr/include. The name of the subdirectory, however, differs on various HP’s. The same problem appears with the LINKLIB definition. 





This column has to be deleted or replaced by spaces in order to use options for this computer/compiler. The Makefile includes the check if there is only one computer enabled. 





This is the setting recommended for Jana96 .
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These are the settings recommended for the PCL driver.





Selected work





Pressing of Alt+(underlined letter) will start  the corresponding work 





Pressing of underlined letters on the keyboard will  start the work 





Check box 





Text box 


(The details about the text boxes are on the next page) 





This button sets the name of the structure. This work can be also started by double-click on the structure name or by pressing Alt-V. 


If the structure doesn’t exist, its name can be typed in the text box and it is created as a new structure.  








The OK button closes the form. The new name of the structure should be present in the text box on the right.  








This starts the File manager working in single files mode





This starts the editor with the relevant filed loaded.





This program can be started by double-clicking the icon or by pressing Ctrl-R





Pressing Alt-R or clicking the mouse can open this menu





The OK button closes the form. If  there is 8 crystal faces filled in the form, it opens new page of crystal faces.  








JANADIR





Jana98.exe, Jana98.ini (Jana executable, configuration file)








JANADIR





Here a new structure filename can be entered  











cif.dic (CIF dictionary)





*.pcx (Icons for 16 colors)





jana98.ini, bitdata.h, cif.dic (configuration file, icons, CIF dictionary)





*.fnt (outline fonts)








*.pcx (Icons for 256 colors)





Jana98.exe (Jana executable)








� � HYPERLINK "http://www-xray.fzu.cz/jana/jana96.html" ��http://www-xray.fzu.cz/jana/jana96.html�


or � HYPERLINK "ftp://ftp.unige.ch/pub/soft/crystal/jana/hpageJ96/jana96.html" ��ftp://ftp.unige.ch/pub/soft/crystal/jana/hpageJ96/jana96.html�


� Jana96 has not been tested with WindowsNT DOS emulation, but it probably runs


� The default setting is usually “Auto”. With this setting Jana96  can fail for the lack of memory.


� If the option -scale is not used, the program chooses the size of the window on the base of the size of the display; from full screen window on small displays to 65% of the display height if the diagonal is greater than 15 inches. The size of the window cannot be changed during the run of Jana96. Some installations of the X11 library return bad information about the size of the display - the returned size is usually less than the real one. In such case the option -scale  is necessary.


� if it exists in the structure  - otherwise an error message occurs 


� Molecule in the context of the Jana96 is a group of atoms having some parameters common in all positions of the group in the structure. See § � REF _Ref381790535 \n �2.5.3� page � PAGEREF _Ref381790535 �E-12� for more information. 


� The diffractometer output is not used if m95 already exists.


� See p. � PAGEREF _Ref380655935 �C-1� for more information about supported formats. 


�Prelim usually reads m95, which has been created by Datred. Prelim can also import a reflection file from other system and convert it to the m95 format or it can read data in the m95 format. This can be used for merging data files from several measurements.


� If the m40 is missing or if it doesn’t contain atoms, Refine prepares the m80 file for the Patterson synthesis.


� The m81 is not necessary for contour because it can be also used for plotting of the probability density functions calculated directly from the m40 file. 


� The file manager can also work with single files if it is started from the Edit menu, page � PAGEREF _Ref400182391 \h ��B-6�.


� It is especially useful for � XE "CAD4:file option" �CAD4 measurement with the file option  as the real indices written to the control file don’t need to be merged with the diffractometer output.


� The orientation matrix is already known from the diffractometer data or from the m95  file.


� The � XE "R internal" \b�� XE "Internal R factor" \b�internal R factor is defined as � EMBED Equation.3  ���, where i runs over all independent reflections and j over all equivalent reflections corresponding to i-th independent reflection. Note that j need not be the same for all independent reflections.





� The key is used by the refinement control command skipflag  (see page � PAGEREF SKIPFLAG �D-13�)


� The list of averaged reflections contains reflections with |I-I(ave)|>  level*sig(I). The level is chosen interactively in Prelim before the averaging (see � REF _Ref402242138 \h � \* MERGEFORMAT �Figure 49�, page � PAGEREF _Ref402242141 \h ��C-12�). The list is printed in newspaper columns. 





>>>1   7   0   0      25229.        241 		The average reflection, intensity, sigma


  -1   7   0   0      28072.        357.** 	The 1st reflection used for averaging, intensity, sigma, variation indicator


   1   7   0   0      22824.        328.** 	The 2nd reflection used for averaging, intensity, sigma, variation indicator





See the head of the Averaging part of the listing  for the definition of the variation indicator. 


� The observability level entered in Prelim before averaging of the reflections is NOT used by Refine 


� It can be used for setting the refinement keys according to the restrictions in the m50 without refinement. When the first cycle starts, the m40 is already overwritten. Therefore after breaking of the first refinement cycle by the “Break” button the m40 contains restricted unrefined parameters. 


� If the m40 doesn’t exist or if it doesn’t contain atoms, m80 contains reflections for the calculation of the Patterson map. The calculation of the Fourier or Patterson map is not possible without running at least 0 refinement cycles. 


� See § � REF _Ref381675573 \n �2.4.7� page � PAGEREF _Ref381675573 �D-22�. If the refinement crashes or if it is broken by the “Break” button, the listing is not created.


� See � REF _Ref381685539 \* MERGEFORMAT �Table 13� page � PAGEREF _Ref381698926 �D-8� for the description of the refinement commands.


� This parameter has to be sufficiently modulated but it can be hard to say which one it is at the beginning stage of the refinement. Sometimes helps to choose for instance xsin1 parameter of some atom to fix the x4 coordinate and keep the corresponding xcos1 parameter equal to zero (by equation command) in order to concentrate all changes to the xsin1 term.


� The atomic parameters can be refined for each individual atoms.


� In the case of a twin the scale parameters on the right of the line are replaced by twin fractions such that the fraction of the 2nd twin domain is refined in the place of scale-6, the portion of the 3rd twin domain in the place of scale-5  etc. The names of the parameters remain unchanged. 


� See § � REF _Ref381846240 \n �0� page � PAGEREF _Ref381846240 �E-27�.


� available only for ordinary structures


� The name of the modulation temperature parameters can be referenced to as U or Beta regardless of the current setting in m40. 


� The molecular parameters are defined for each position of the molecule


� The names of the commands can be arbitrarily abbreviated provided that the abbreviated name is unique. 


� In jana94 the name of this parameter was dump. It is automatically changed to damp  during the conversion of the m50 to Jana96 format


� The unstability coefficient corrects the weight for the fluctuation of intensities during the measurement. It should be estimated as an instrument constant.  


� The names of the parameters are explained in � REF _Ref381618750 \* MERGEFORMAT �Table 11� page � PAGEREF _Ref381704013 �D-5�. 


� The names Beta or U  can be used regardless of the current setting in m40. 


� See § � REF _Ref383688940 \n �2.4.3� page � PAGEREF _Ref383688940 �D-4� for more information about fixing of the origin.


� The sigma level entered in Prelim before creation of the m91 is NOT used by Refine.


� The scale factor multiplies Fcalc


� See § � REF _Ref381846240 \n �0� page � PAGEREF _Ref381846240 �E-27�.


� This key is used together with itypex, idistr, radius and uhmon. 


� This key is used together with iext


� This case can be refined as standard single crystal


� The twinning matrices in Jana96  are defined with respect to the row indices. 





� i.e. having diffraction pattern which can be described in a supercell


� The orientation matrices should correspond to the reciprocal indices defined as column vectors. This is a difference from the definition of twinning matrices in Prelim which are defined with respect to the row indices. 


� The expression for the weighted difference is � EMBED Equation.2  ���for the refinement carried out on structure factors and � EMBED Equation.2  ��� for the refinement carried out on squares of structure factors. See equation E2 page � PAGEREF _Ref382210823 �D-2� for the relation between the weights wf and wf2.


� g.o.f. =  � EMBED Equation.2  ���, if the refinement was carried out on F’s, or� EMBED Equation.2  ���


 for the refinement on F2. n is number of reflections, m is number of parameters. 


� In the case of a twin the scale parameters on the right of the line are replaced by the twin portions such that the portion of the 2nd twin domain is refined in the place of scale-6, the portion of the 3rd twin domain in the place of scale-5  etc.  


� If the number of the occupation, positional or temperature waves is -1, the modulations are refined in the corresponding molecular part of the m40. 


� If the special function key is “1”, the modulation of the corresponding parameters is described by a special function. See § � REF _Ref390173300 \n �2.5.8�page � PAGEREF _Ref390173303 �E-27� for more information about the special functions. 


� There is also possibility to choose if the rotation is an Eulerian or an axial one. This setting is common for all molecular positions and is written in the head of the m40 (see � REF _Ref383690577 \* MERGEFORMAT �Figure 72� page � PAGEREF _Ref383690580 �E-17�)


� the m45 can contain idealised model or database structure. See page � PAGEREF _Ref380657837 �E-15� for more information. 


� It is possible to use two atom names from the atomic part of the m40 file instead of coordinates for this definition. 


� The atomic parameters have the same names and order as the ones for the atoms of the atomic part. See � REF _Ref382127122 \* MERGEFORMAT �Figure 67� page � PAGEREF _Ref382127126 �E-11�.


� This example doesn’t contain the temperature parameters of the model molecule atoms which can also be refined here as TLS tensors - see � REF _Ref382284214 \* MERGEFORMAT �Figure 79� page � PAGEREF _Ref382284217 �E-24� for an example


� The names of new atoms in the atomic part are composed from the model atom names prefixed by the discriminative character which denotes the former molecular position (a for position #1, b for #2 etc.)


� The atomic parameters have the same names and order as the ones for the atoms of the atomic part. See � REF _Ref382127122 \* MERGEFORMAT �Figure 67� page � PAGEREF _Ref382127126 �E-11�


� See � REF _Ref382139054 \* MERGEFORMAT �Figure 73� page � PAGEREF _Ref382283976 �E-17� for the parameters which are not listed here


� See � REF _Ref382192698 \* MERGEFORMAT �Figure 75� page � PAGEREF _Ref382192721 �E-19�.


� The names of the commands can be arbitrarily abbreviated provided that the abbreviated name is unique.


� The shape function is used for the estimation how the termination series effect influence the calculation.


� The default step 0.25Å is usually in agreement with the accuracy of the data and need not to be fined down. 


� In the case of the normal Fourier map (maptype 2) n  is the number of atoms missing in the m40 file. The total number of atoms which should be present in the m40 is calculated from the chemical formula and the number of the chemical units in the elementary cell - this information is entered by Prelim  and saved in the basic crystal information part of the m50 file. For other types of the maps n = 0. 


� The names of the commands can be arbitrarily abbreviated provided that the abbreviated name is unique. 


� This key is useless for commensurate structure where the t  values are strictly given. 


� This key is useless for commensurate structure where the t  values are strictly given.


� The atomic positions in the basic structure are the ones refined in the m40. The distances in the basic structure don’t correspond to any 3d section but they should be close to “ave” distances. Big differences could  indicate improper occupation function etc. 


� See � REF _Ref382127122 \* MERGEFORMAT �Figure 67� page � PAGEREF _Ref389209293 �E-11� for proper places for u1s1,u2c1 and u3s1 which are denoted in the figure as xsin1, ycos1 and zsin1, respectively.


� The full set of the control commands used for the refinement of testa: 


badref 5


useunobs 0


snlmn 0.06


unstab 3


cycles 5


end





� The atomic parameters can be refined for each individual atoms.


� In the case of a twin the scale parameters on the right of the line are replaced by twin fractions such that the fraction of the 2nd twin domain is refined in the place of scale-6, the portion of the 3rd twin domain in the place of scale-5  etc. The names of the parameters remain unchanged. 


� See § � REF _Ref381846240 \n �0� page � PAGEREF _Ref381846240 �E-27�.


� See § � REF _Ref381846240 \n �0� page � PAGEREF _Ref381846240 �E-27�.


� available only for ordinary structures


� The name of the modulation temperature parameters can be referenced to as U or Beta regardless of the current setting in m40. 


� The molecular parameters are defined for each position of the molecule


� In jana94 the name of this parameter was dump. It is automatically changed to damp  during the conversion of the m50 to Jana96 format


� The unstability coefficient corrects the weight for the fluctuation of intensities during the measurement. It should be estimated as an instrument constant.  


� The names of the parameters are explained in � REF _Ref381618750 \* MERGEFORMAT �Table 11� page � PAGEREF _Ref381704013 �D-5�. 


� The names Beta or U  can be used regardless of the current setting in m40. 


� See § � REF _Ref383688940 \n �2.4.3� page � PAGEREF _Ref383688940 �D-4� for more information about fixing of the origin.


� The sigma level entered in Prelim before creation of the m91 is NOT used by Refine.


� The scale factor multiplies Fcalc


� See § � REF _Ref381846240 \n �0� page � PAGEREF _Ref381846240 �E-27�.


� This key is used together with itypex, idistr, radius and uhmon. 


� This key is used together with iext


� The shape function is used for the estimation how the termination series effect influence the calculation.


� The default step 0.25Å is usually in agreement with the accuracy of the data and need not to be fined down. 


� In the case of the normal Fourier map (maptype 2) n  is the number of atoms missing in the m40 file. The total number of atoms which should be present in the m40 is calculated from the chemical formula and the number of the chemical units in the elementary cell - this information is entered by Prelim  and saved in the basic crystal information part of the m50 file. For other types of the maps n = 0. 


� This key is useless for commensurate structure where the t  values are strictly given. 


� This key is useless for commensurate structure where the t  values are strictly given.
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