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#$K+Genemdlorimati on

Balsac Program Features

The program system Balsac (Build and Analyze Lattices, Surfaces, And Clusters, (C) Copyright K. Hermann
1991-2018) allows the construction, visualization, and interactive analysis of general crystal lattices including
single crystal surfaces (Lattice sessions) and of finite clusters and molecules (Cluster sessions). Structural
graphics information can be saved on binary bitmap as well as gray scale and color PostScript files to
obtain publication quality graphics output. Further, numerical structure output may be stored on ASCII-type
data files using a variety of different formats.

Balsac versions exist for Unix/Linux based workstations and mainframes using X.11 Windows for graphics
output and for MS Windows based personal computers using MS Windows color graphics. The Linux version
ofBalsaccan al so be compiled and run on Macintosh PCO&s

The Balsac program system is copyright protected and may be obtained from

Max-Planck-Innovation GmbH
Amalienstr. 33, 80799 Miunchen (Germany)
Tel.: [+49] 89 2909190
Fax.: [+49] 89 29091999
e-mail: info@max-planck-innovation.de
web: http://www.max-planck-innovation.de/
The latest version of the Balsac manual (Version 4 at present) is also accessible electronically on the Web at

http://www.fhi-berlin.mpg.de/th/balsac/balsac.html

Example pictures of Balsac applications can be found in the Balsac picture gallery on the Web at

http://www.fhi-berlin.mpg.de/th/personal/hermann/pictures.html

A batch application of Balsac, called "SURFACE EXPLORER", can be found on the Web at
http://iwww.fhi-berlin.mpg.de/grz/pub/surfexp/SXinput.html

To comply with copyright laws and as a matter of fairness/politeness to the author any publication which
includes Balsac output in printed form should also include a reference similar to

i [ R eBalsac visualization and analysis software, Version 4, by K. Hermann (FHI), Berlin, 2018;

see also http://www.fhi-ber | i n. mpg. de/ KHsof t war e/ Bal sac/ i ndex.
in the text or reference section. Further, oral or poster presentations using Balsac graphics output must
include the "Balsac plot" logo at the bottom right of the plot unless the logo disturbs the visual impression.

For technical questions on Balsac please contact the author

Prof. Dr. Klaus Hermann
Fritz-Haber-Institut
Faradayweg 4-6

D-14195 Berlin (Germany)

Tel.: [+49] 30 8413 4812 Fax: [+49] 30 8413 5914
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e-mail: hermann@FHI-Berlin.MPG.DE

Note that in this manual clicking on the left and right mouse buttons will be called L-clicking and R-clicking,
respectively. D-clicking means double-L-clicking (L-clicking twice in quick succession).

In this manual we will use the notation "select menu A | B" to denote the selection of menu B which is a
submenu of menu A.

Note that the help window may hide previously opened windows. These hidden windows can be
reactivated by L-clicking the appropriate icon of the task bar at the bottom of the screen.

Note that context sensitive help is available for all visualizer options by pointing at the option (menu entry
or input field) and pressing the F1 key while keeping the left mouse button down.



*$k+Bal sPAnogrkemt ur es

The program system Balsac (Build and Analyze Lattices, Surfaces, And Clusters, (C) Copyright K. Hermann
1991-2018) allows the construction, visualization, and interactive analysis of general crystal lattices including
single crystal surfaces (Lattice sessions) and of finite clusters and molecules (Cluster sessions). Structural
graphics information can be saved on binary bitmap as well as gray scale and color PostScript files to
obtain publication quality graphics output. Further, numerical structure output may be stored on ASCII-type
data files using a variety of different formats.

The program system Balsac ((C) Copyright K. Hermann 1991-2018) includes two parts, Balsac/Lattice and
Balsac/Lattice, which distinguish between periodic and local non-periodic structures. The two parts are
interconnected, allow transfer of structure data between them, and use the same menu driven strategies.
Their features will, however, be described separately.

Features of Balsac/L attice

Features of Balsac/Cluster
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#$K+Feat urkasl :odc/ Lattice

Balsac/Lattice uses a lattice definition and appropriate Miller indices to construct sections of lattice planes
which are displayed as 3-dimensional arrays of atoms for visual inspection and interactive analysis. The
program allows you to study lattices (both primitive and non-primitive, with up to 210 atoms per unit cell)
where standard lattice structures are predefined internally. Lattice planes are described by appropriate
Miller indices (h k I). For fcc and bcec type lattices (h k I) can be defined with respect to simple cubic lattice
vectors (commonly used) as well as to generic reciprocal lattice vectors. For centered lattices both generic
Miller indices and those of the corresponding primitive lattice are available. For hcp, graphite, and general
hexagonal lattice structures a 3- and 4-index notation, (h k [) and (I m n q), is implemented.

The bottom/top plane of a lattice section can be selected freely to allow for surface planes of different
termination in non-primitive lattices. Any number of selected planes may be completely restructured
(including 3-dimensional shifts, modified planar periodicities, modified atom basis sets) to allow for most
general geometries.

Balsac/Lattice allows visualizing structural properties using various graphical options. Lattice sections of
variable size and shape (blocks or spherical cuts) are displayed either layer-by-layer (net plane stacking)
starting with a selected plane or atom-by-atom as 3-dimensional arrays of atoms starting with the atoms
furthest away from the viewer.

Atoms can be visualized by dots, (filled) circles, or (shaded) spheres (with/without sticks connecting atoms)
and may be labeled/painted according to their layer or element label. A 3-dimensional impression of the
structure is given by parallel or central projection where the viewing direction and position can be chosen
freely. The structural impression can be further improved by red/blue stereo viewing (using color filter
viewing glasses) or by full color stereo viewing (with optical stereo viewing glasses). Various manipulations
of the graphical output such as size reduction / enlargement, rotation about the viewing direction, or changes
in perspective are readily available. Further, atom coordinates, distances, angles, local symmetries,
geometries, and subplanes of a lattice section may be read off from the screen by selection via a graphical
pointer (keyboard or mouse).

Apart from graphical output, numerical coordinates of all atoms of given sections can be listed and saved
for separate graphical or numerical applications. Numerical information on lattice sections (such as real and
reciprocal lattice vectors, transformed basis vectors, restructure information, atomic coordinates etc.)
determined by Balsac/Lattice can be saved on separate files. These files may be transferred to
theBalsac/Lattice part (see below) or modified externally with text editors and used as input for subsequent
runs of Balsac or other programs.

Balsac/Lattice is fully menu-driven using keyboard and/or mouse input and is mostly self-explanatory. The
user may start from scratch building any lattice or use predefined lattice structures or he/she can start with
structures generated by previous runs.

Balsac/Lattice allows file output of numerical structure and graphics data in various ASCII formats for
subsequent use with Balsac as well as with other professional visualization programs (SARCH, Latuse,
Plot3D, SCHAKAL, etc.). This includes encapsulated color PostScript format for generating structure
graphics. Balsac PostScript files are written specifically for good readability and easy editing to further
modify/embellish structure plots. In addition, starting with Version 4 Balsac offers binary bitmap file output
of its graphics window to be used in separate presentation software, such as MS Powerpoint.

Amongst other applications, Balsac/Lattice is particularly useful to
1 quickly explore a variety of bulk structures and terminations, both qualitatively and quantitatively.

1 visualize lattice sections of various shapes with planar and spherical boundaries, allowing to
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show
o crystal blocks with planar surfaces,
o hemispherical lattice sections describing facetted FIM, FEM, or STM tips,
o0 spherical crystal sections describing clusters,
o0 spherical cavities inside crystals.

inspect and analyze local geometries and symmetries of any (h k |) oriented surfaces in
complex lattices, with or without adsorbates, including surface restructuring (layer relaxation,
commensurate/incommensurate reconstruction).In particular, lattice planes of large Miller index
values describing stepped / kinked surfaces are accurately accounted for. (All basis vectors are
determined using integer algorithms based on solutions of diophantine equations rather than by
direct vector operations).

generate instructive high quality (color) graphics of complex lattice and surface geometries for
presentations and publications (color and gray scale PostScript as well as binary bitmap file
output is available).



“SKtFeat urbBeasl sedcu/st er

Balsac/Cluster allows you to construct, visualize, and analyze atom clusters of any complexity. Examples
are molecules, clusters, finite sections of crystal lattices, of surfaces, of adsorbates on surfaces, or of
interfaces. In the following we will always call these systems "clusters”. Starting from a set of atom
definitions (coordinates, nuclear charges, provided interactively or by transfer from Balsac/Lattice or using
external input files) the cluster can be visualized or listed numerically by appropriate atom coordinates.
Further, Balsac/Cluster allows you to analyze local symmetries and geometries in a given cluster. It is
interactive and uses the same menu strategies as Balsac/Lattice with many options being identical or
similar. The user may start from scratch building a cluster or he/she can start with structures generated by
previous Balsac runs. Atom clusters can be modified by adding or deleting (hiding) atoms. Further, local
groups of atoms may be selected and manipulated interactively. Possible transformations include rotation,
translation, copying, or hiding/deleting.

Balsac/Cluster includes the same graphical visualization options as Balsac/Lattice. Here clusters are
displayed as 3-dimensional arrays of atoms starting with the atoms furthest away from the viewer and
allowing for various graphical manipulations such as size reduction / enlargement, rotation about the viewing
direction, or changes in perspective. Atom coordinates, distances, and angles in a cluster may be determined
directly from the screen output using a graphical pointer (keyboard or mouse). The pointer can also be used
to select atoms and define subgroups interactively.

In addition to graphical display all cluster atoms can be listed by their numerical coordinates and saved for
separate graphical/numerical applications on external files. These files are ASCII-type and may be modified
with text editors and used as input for subsequent runs of Balsac/Cluster or other programs. The atoms of a
cluster can be transferred to Balsac/Lattice to form the elementary cell of a 3-dimensional lattice allowing
the user to build very complex molecular crystals.

Balsac/Cluster allows file output of structure and graphics data in various ASCII formats for subsequent use
with Balsac as well as with other professional visualization programs (Latuse, Plot3D, etc.). This includes
encapsulated color PostScript format for generating structure graphics. Balsac PostScript files are written
specifically to maximize readability and enable easy editing to further modify/embellish structure plots. In
addition, starting with Version 4 Balsac offers binary bitmap file output of its graphics window to be used in
separate presentation software, such as MS Powerpoint.
Among other applications, Balsac/Cluster is particularly useful to

1 inspect and analyze local geometries and symmetries of any atom cluster such as

o0 molecules, clusters,

o finite sections of crystal lattices, allowing to post-process structures generated with
Balsac/Lattice by manipulating (adding/moving/hiding) single atoms or groups of atoms

0 particles,
0 interface sections.
1 explore possible atom clusters for structure determinations;

1 evaluate structural relationships qualitatively and quantitatively: bonding, interatomic distances,
bond angles, atomic coordinates, etc;
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1 generate instructive high quality (color) graphics of complex structures for presentations and
publications (color and gray scale PostScript as well as binary bitmap file output is available).



*$k+l nstall ateitawrp and S

This section describes all operations necessary to install Balsac starting from the original package ((C)
Copyright K. Hermann 1991-2018). Installation details are different for the PC as compared to the workstation
version and will therefore be described separately.

It is strongly recommended to make backup copies of all original installation files before installing the Balsac
software. However, copies should be made for safety purposes only since Balsac is copyright protected.
Anyone interested in this software should contact the author to obtain copies.

Windows Systems

Unix and Linux Systems
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#$K+*Wi ndo3yst ems

This section describes all operations necessary to install the Windows version of Balsac (Version 4) starting
from the original package ((C) Copyright K. Hermann 1991-2018).

System Reguirements

Installation
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#$K+Sy st eenguUR r e rinntdso ws )
Running the Balsac program requires a PC running MS Windows. The system requirements are

1 512 Mb installed memory free for running Balsac
1 150 MB free hard disk space (15 MB for the installation)
1 MS Windows XP (SP3), Vista, 7, 8, or later operating system
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#$Kk+ nstal Wiamndows )

If a previous version of Balsac is installed in your PC you have to remove all system files of the previous
version with the uninstall feature of your windows system before you can install the new version. Note that
any old Balsac input/output files should be kept for later use

INSTALLING: Balsac (Version 4) requires that you have Administrator status on your PC and consists of
four steps.

1.

Unpack all files by running (the downloaded) file Balsac4_x_Install.exe. This will ask you for the
name of an installation directory, e.g. c:\temp (or any other temporary directory, which must be
different from the permanent directory where you wish Balsac to be installed). This directory (called
$temp below) will contain all system installation files and a file Readme.1st which describes latest
changes and gives further advice concerning the installation. Note that the installation directory
cannot be used as the final Balsac directory, see step 2.

Install all Balsac files by running Setup.exe inside the installation directory (see step 1). This will
ask you for the name of the final Balsac directory where "c:\Program Files\Balsac4" is used as a
default. This directory will be called $Balsac in the following.

Install the Compagq fortran runtime libraries by running VFRUNG660Il.exe in directory $Balsac.

Clean up by removing all installation files from directory $temp. You may leave the original download
file Balsac4_x_Install.exe for backup purposes.

You can inspect the Balsac users manuals balsac4.chm and balsac4.hlp in directory $Balsac\.

Note that

Starting with version 4.1 of Balsac the new html based help option (default for MS Windows 7 and
later) is available by default but the traditional Windows help can still be used as an option. Microsoft,
in its wisdom, has discontinued providing the traditional Windows help engine (WinHIp32.exe) with
MS Windows 7 and later by default. The absence of inHIp32.exe in your PC will make the old Balsac
help option unavailable. However, WinHIp32.exe can be downloaded from Microsoft at
http://support.microsoft.com/kb/917607 and installed in your Windows PC free of charge. This will
enable the traditional Balsac help option if needed.

Microsoft does not include the Visual Basic 6 runtime environment (required by Balsac) in its
Windows 8, 8.1 versions by default. However, the VB6 runtime environment can be downloaded
from Microsoft (http://www.windows8downloads.com/win8-visual-basic-runtime.html) and installed in
your Windows PC free of charge. This will enable Balsac to run also under Windows 8, 8.1.

Balsac will work successfully in your national (other than US) Windows environment ONLY if real
numbers follow the US convention of using "." (period character) as the decimal separator symbol
and "," (comma character) as the digit grouping symbol. Number symbols, like the decimal separator
and digit grouping symbol, can be reset in the Regional Settings part of your Microsoft Windows
Control Panel.

RUNNING: Balsac can be run interactively from scratch or using input files to be combined with the
corresponding executable where correct directories must be provided. A typical Balsac run can be started
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1 from the Windows file explorer:
Double-click at the corresponding input file of the listing, i * . | at 6, @A* . plto, A*.xyz
fi Bal s aa doshleclitk at the Balsac executable to run from scratch.

1 from the Command Prompt Window (DOS box):
Open the command crompt Window (DOS box) inside MS Windows. Move to the directory where
input files, *.lat, *.plt, *.xyz, reside and type "\$Balsac\Balsac4 infile" (to start with an input file) or
"\$Balsac\Balsac4" (to start from scratch) followed by the Enter key.

1 from the Windows command line:
Choose "Start | Run..." from the taskbar; then type "\$Balsac\Balsac4 \$dininfile" where $dir
denotes the directory path where the input file resides and press the Enter key or type
"\$Balsac\Balsac4" and press the Enter key to start from scratch.

Typical Balsac input example files are contained in directory $Balsac\Examples.



#$Kk+Uni/ki nux Systems

This section describes all operations necessary to install the Unix/Linux (X.11) version of Balsac (Version 2)
starting from the original package ((C) Copyright K. Hermann 1991-2018).

Note that the Unix/Linux (X.11) version 2 has become obsolete and is not supported after 2014.

System Reguirements (Unix/Linux)
Installation (Unix/Linux)
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#$K+System Requ(l Urime/hltisnux)

Running the Balsac program requires a genuine Unix or Linux workstation/mainframe (or a Macintosh PC
with OS 10.x) interfacing with X.11 Windows (Release 3 or later). The system requirements are

(A) Hardware

=A =4 =4 =4 =4

512 MB installed memory free for running Balsac

at least 30 MB disk storage (30MB for the installation)

latest Red Hat, Suse, debian Linux or generic Unix operating systems
high resolution color monitor (minimum 800 x 600 pixels)

(optional) PostScript printer, black/white or color (optional)

(B) Software

=A =4 =4 =4 4 =4

(optional) ASCII text editor, e. g. vim, MSWord, for input/output file handling,
Fortran77 compiler (objects linkable with C bindings)

C (ANSI) compiler (objects linkable with Fortran bindings)

Xlib, X.11 Windows graphics library (revision 3 or higher)

Cinclude files: Xlib.h, Xutil.h, stdio.h, termios.h

(optional) PostScript viewer utility, e. g. ghostview, for graphical structure output
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http://www.vim.org/
http://www.cs.wisc.edu/~ghost/

#$K+l nstallation (Unix/ Linux)

The installation of Balsac (Version 2.16) on a Unix/Linux system requires some basic knowledge of Unix
system management. The installing person must have root privileges and should know the local system
administrator. The installation procedure includes six steps (plus step 0 for uninstalling a previous version)
described in the following where the commands after ">" are meant to be interactive Unix (c shell type)
commands. For convenience we assume that the archive file BALSAC2.tar.Z of the original package resides
in subdirectory /user/BALSAC2 and the installing person is logged in as super user (root).

Step 0: In case you have previous Balsac versions installed in your system and want to delete it before
installing the new version you have to delete the old executables, default help and initialization
files as well as the manual files e.g. by

>rm /usr/local/balsac/balsac.* /usr/local/balsac/tstcol.*
and remove the old script files by e.qg.
> rm /usr/local/bin/balsac /usr/local/bin/tstcol
Note that for this action you have to have Unix root privileges. If the old version is not removed it

will not be overwritten by the update and can be used further on but there is no obvious need for it
since all input file formats are compatible between Version 1.0 and 2.x.

Step 1: Go to subdirectory /user/BALSAC2, uncompress the archive file, and unpack all Balsac files by
> cd /user/BALSAC2
>uncompress BALSAC2.tar.Z
> tar -xvf BALSAC2.tar

This creates the Balsac (Version 2.16) system consisting of files

readme.lst last messages and installation,

balsac2.doc manual,

*f,*cC complete source code,

Makefile system generating file

balsac2.scr  Balsac (Version 2.16) multi-user script

tstcol2.scr TSTCOL (Version 2.16) multi-user script

*1 Unix man(ual) files for interactive use

balsac2.hlp  on-line help file

balsac2.ini standard color initialization file

bwgraph.ini initialization file for gray scale plots

baltit21.ps PostScript file of the manual title page and examples
head.hp header file for installation on Hewlett-Packard Unix systems
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uscore internal file to assist source code creation

XMPLS subdirectory containing example input files
HTML subdirectory containing the full Balsac manual in html format, see step 5a
below.

Step 2: Generate the Balsac run files by
> make sys
where the system parameter sys denotes the operating system with
sys = aix for IBM RS/6000 systems, AlX 3.1 or later,

osf for DEC Alpha systems, OSF/1 V3.0 or later,
tru64 for Compag Alpha systems, Tru64 Unix V4.0 or later,
sgi for Silicon Graphics, IRIX V5.3 or later,
hpux for HP 9000 systems, HPux V9.0 or later,
solarisl for SUN sparc stations, OS 4.1.2/Solaris 1,
solaris2 for SUN sparc stations, OS 5.x/Solaris 2.x,
Ultrix for DECstations, Ultrix 4.1 or later,
convex for Convex Cxxx systems, OS 8.0 or later,

linux for Linux based systems, Kernel 1.2.13, gcc 2.7.0, ELF

This creates run files balsac2.exe, tstcol2.exe of the Balsac system. Depending on the local
system installation the X.11 Windows include file directory may have to be added in the C compile
step of the makefile as

ficc -O -c -lincludedir all.c 0
where includedir denotes the valid directory name (edit the makefile appropriately). Further, the
local X.11 Windows basic library may reside in a directory other than the default assumed in the
makefile. This requires changes in the two Fortran compile and final link steps of the makefile
reading e.g.

i f77 balsac2.f all_.o -o balsac2.exe localdir/libX1l.a fi

i f77 tstcol2.f all_.o -o tstcol2.exe localdir/libX11l.af
where localdir denotes the full name of the directory containing the local X.11 Windows basic
library (edit the makefile appropriately). If you are in doubt consult your system administrator for the
local directory names.
Note that Linux based systems with an incorrect make installation may yield an error message

" make: *** [linux] Error 4"

requiring to run the compile steps of the makefile manually.



Step 3: Create a Balsac system directory owned by root but accessible to all users e.g. /usr/local/balsac,
move the Balsac system and default initialization files to that directory, and set appropriate file
restrictions by

> mkdir /usr/local/balsac (needed only if the directory does not exist from a earlier
Balsac installation).

> mv *.exe balsac2.ini balsac2.hlp /usr/local/balsac
> chmod 755 /usr/local/balsac/*.*

Consult your system administrator for a meaningful directory name.

Step 4: Edit the two Balsac run scripts, balsac2.scr, tstcol2.scr, by replacing in line
set files=DIRECTORY
the word DIRECTORY by the appropriate name of the Balsac system directory (e.g.
/usr/local/balsac as used above). Then move the Balsac run scripts to the system directory that
holds local software, e.g. /usr/local/bin, by
> mv balsac2.scr /usr/local/bin/balsac
> mv tstcol2.scr /usr/local/bin/tstcol”
and make the scripts executable by
> chmod 755 /usr/local/bin/balsac

> chmod 755 /usr/local/bin/tstcol

Note that all potential Balsac users must have the directory /usr/local/bin in their directory path.

Step 5: Make the man(ual) files of the Balsac system available by moving the appropriate files to the Unix
manual directory, e.g. /usr/man/manl (consult your system administrator for the local name of the
directory), by

>myv *.1 /Jusr/man/manl

Step 5a: (optional) You can install a local copy of the Balsac manual in hypertext (html) format by moving all
files of subdirectory HTML to a publicly accessible WWW server. These files can be viewed with
any WWW browser such as Mosaic or Netscape. The initial manual file is balm.0.html containing
the Table of Contents while all other files balm.x.html refer to the various manual sections. In
addition, file balpam.html gives a short overview and links to the Balsac home pages.

Step 6: Remove the source code and tar file by

> make clean



Make all files of the directory /user/BALSAC?2 holding the Balsac manual print files (balsac2.doc,
baltit21.ps) and the examples directory XMPLS publicly available.

NOTE that the source code and tar file should be kept only for backup purposes and NOT made
publicly available. Distributing or modifying the source code or parts of it without informing the
author is unfair and violates copyright laws!

After steps 1-6 of the installation are completed successfully Balsac is accessible for all users in a multi-
user environment and can be run by different users at the same time. Balsac will start up using default
initialization and/or on-line help files (balsac2.ini, balsac2.hlp of the Balsac system directory) unless the user
redefines the file names, see Sec. 6.1 of the Unix Balsac manual. In the following we list the shell script
balsac2.scr to illustrate the philosophy of multi-user application of Balsac.

---- file balsac2.scr start

#!/bin/csh -f

#

# Calling script for Unix distribution of BALSAC Version 2.16

#

# Authors: F. Rammer , K. Hermann (FHI Berlin) , May 3, 1993

# Version 2 revision: K. Hermann (FHI Berlin) , June 14, 1995

#

# Description:

#

# This script enables the general use of BALSAC Version 2.16 ((C) Copyright
# K. Hermann 1991 - 2007) in a Unix multiuser environment. The calling
# convention from any user directory is

#

# balsac [ - options] [datafile] [initfile] [helpfile]

#

# as decribed in the BALSAC Version 2.16 Users Guide. All run files

# (balsac2.exe, tstcol2.exe) and default parameter files (balsac2.ini ,
# balsac2.hlp) are assumed to reside in directory ‘files', see below. This
# script file should be stored in a generally available directory which is

# included in the path of generally available directory which is included in
# the path of all poten tial BALSAC users.

#

# If an initialization file 'balsac2.ini' and/or a help file 'balsac2.hlp'

# exists in the directory from which balsac is called the program will

# override its defaults files (in directory 'files'). Otherwise the default

# files are used at startup of balsac.

set files=/usr/global/balsac # directory in which to find
# initial data -, init -, helpfile

set inifile=balsac2.ini

set hipfile=balsac2.hlp

unset inilink

unset hiplink

if (! - f $inifile) then
# no ini file in calling directory, make a symbolic link to default

In - s $files/$inifile $inifile
set inilink

endif

if (! - f $hipfile) then



# no help file in calling directory, make a symbolic link to default
In - s $files/$hipfile $hipfile
set hiplink

endif

$files/balsac2.exe $1 $2 $3 $4

# remove previously defined soft links

if ($?inilink) rm $inifile
if ($hlplink) rm $hipfile

exit
---- file balsac2.scr end




#8K+Tutori al

This section describes all basic operations necessary to operate Balsac (Windows Version 4), called Balsac
in the following, starting from the original package ((C) Copyright K. Hermann 1991-2018). The tutorial is brief
and meant only to introduce you to the program handling. More sophistic features can be found in the
Section fDetailed Operationsa

NOTE that the handling of earlier versions 1 - 2 of Balsac is slightly different while their strategies are the
same. For earlier versions consult the corresponding Balsac manuals.

Getting Started

Interactive Sessions
Interactive Help

Analyze Structure Details
Save Structure Data

Save Graphics Data

Start Balsac with File Input

Move Between Lattice and Cluster Sessions
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#*$k+Getting Started

If Balsac ((C) Copyright 1991-2018 K. Hermann) has not yet been installed on your PC you have go through
one of the installation procedures described in detail elsewhere. After the installation you are ready to start
Balsac.

NOTE that in the following clicking on the left and right mouse buttons will be called L-clicking and R-
clicking, respectively. D-clicking means double-L-clicking (L-clicking twice in quick succession). Further, we
will use the notation "select menu A | B" to denote the selection of menu B which is a submenu of menu A.

Further, the input lines below use generic names i $ B a | $oathe Balsac system directoryand fi $ d for 0
the input file directory. For example, the Balsac executable is assumed to reside in \$Balsac\. Typical
example input files of Balsac are contained in directory $Balsac\Examples\.

You can start an interactive Balsac session from scratch or using input files (where correct input file
directories must be provided in the latter case)

1 from the Windows file explorer:
D-click at the corresponding input file of the listing,d * . | at 6, A* . pl to, A*.xyzo,
(This requires you to associate the three file postfixes with the Balsac executable.) Alternatively you
can D-click at the Balsac executable to run from scratch, see below.

1 from the Windows command line:
choose "Start | Run..." from the taskbar inside MS Windows. Then type

"\ $Balsac \ Balsac 4" (to start from scratch) followed by the Enter key,

or

"\ $Balsac \ Balsac 4 \ $dir \infile " (to start with an input file) followed by the Enter
key.

1 from the Command Prompt Window (DOS box):
open the Command Prompt Window (DOS box) inside MS Windows. Move to the directory where
input files, *.Iat, *.plt, *.xyz, reside and type

"\ $Balsac \ Balsac 4" (to start from scratch) followed by the Enter key,

or

"\ $Balsac \ Balsac 4 \ $dir \infile " (to start with an input file) followed by the Enter
key.

NOTE that Balsac will work successfully in your national (other than US) Windows environment ONLY if real
numbers follow the US convention of using "." (period character) as the decimal separator symbol and ","
(comma character) as the digit grouping symbol. Number symbols, like the decimal separator and digit

grouping symbol, can be reset in the Regional Settings part of your Microsoft Windows Control Panel.
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Starting Balsac from scratch opens the Balsac startup window
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from which you can choose between

1 running a Balsac/Lattice session for building and studying periodic crystal particles (L-click the
fi B u i butlod inside the Lattice frame),

1 running a Balsac/Cluster session, used for building and studying atom clusters (L-click theA Bui | d o
button inside the Cluster frame),

1 loading a Balsac input file to be used in a session where the session type is determined by the
postfix of the input file

o *.plt (Plot3D format) or *.xyz (XYZ format) files initiate a Balsac/Cluster session,
o *.lat (Latuse format) files initiate a Balsac/Lattice session,

(L-clickthe i Fi | e Huttop insidé startup window).

1 exiting Balsac before starting a session (L-click the AEXxito button at the bottom right).

Further details of the different Balsac sessions will be explained in the following sections.



#$K+l nteracti ve Sessions

In the following sessions you will learn how to use Balsac to generate, display, and analyze the most general
atom structures. Balsac allows you to run two basically different interactive sessions,

1 Balsac/Lattice where periodic arrangements of atoms (sections of crystals, surfaces) can be built
and studied and
1 Balsac/Cluster where finite clusters of atoms (molecules, clusters) can be examined.

The sessions use the same graphical interface with similarly structured option menus and building strategies
so that you can easily switch between them, see below. To show you the special features of each session we
will discuss them below in two separate examples.

1 In a Balsac/Lattice example session we learn about the (1 1 1) surface of cubic Zincblende which
is still simple enough to understand all numerical and graphical output but can also be used to
illustrate some of the more advanced features of Balsac.

1 In a Balsac/Cluster example session we examine the nickel carbonyl molecule, Ni(CO)4, which
shows both basic and advanced features.

1 You can move between the two types of sessions while conserving all relevant structure data. This
allows you to deal with periodic arrangements of atoms (crystals in a Lattice session) as well as with
finite non-periodic arrangements (molecules, clusters, or crystal sections in a Cluster session).

#0302
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In this lesson we build and examine the (1 1 1) surface of the cubic Zincblende crystal.

Let us assume that Balsac is correctly installed in your system and you have successfully opened the Balsac
startup window. (For details on startup see elsewhere.)
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After you have L-clicked the i B u i buttod inside the Lattice frame the window of the lattice builder
opens.
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Title Fimple cubic (sc)

Lattice type ISimpIe cubic (sc)

Lattice vectors

LI ® Scratch (" Transfer J Triclinic

Scaling = |1_oooo

R1=|_,.::ii:: I,.Ziiiii |_.:1:::: a=|1.oooo q:l ,,,,,,
R2=0.00000¢ 1. 000000 0. 00000¢ B=11.0000 [EB=H50.00¢
R3:l,.::;;:: |,.::::;: |A.;::::; c:|; ,,,,, y = l ,,,,,,
% z MR
Lattice basis
Show basis Fix basis
1 atom(s) ® Abs. ( Rel (C Abs. (@ Rel D-click modifies. R-click deletes

e Y

z radius nuc pPop

0.000000 0.000000

0.000000 0.50000 1/ H

Default |  SetOrigin | Radii: Covalent | Scale
Stacking (Miller indices) sguare
sc notation h = |O k = IO = |1 Scratch
Reset I
Yisualize
Section
Planar N1 = |5 Lx = Hide/close

Planar N2 = |5 Ly = |4.0000 Oy =
Layers N3 = |3 Lz = |2 -0000 Oz =
Initial (1-1) = |1 Rotation = |0.

No layer rebuilt (3 available)

No tube constraint set

00 Gpop. = Il.OOOO
Layers |
Tube |

This asks you select details of the crystal lattice, the netplane stacking direction, and the crystal section that

you want to study. Each of the input fields comes with initial values where in the window shown above a

cubic simple lattice with lattice constant = 1.0, a netplane stacking along the (0 0 1) direction given by
corresponding Miller indices), and a section of five 5 x 5 atom netplane sections is predefined. (These are

default values since you started from scratch.)

Since you want to build a section of Zincblende crystal you L-click the chooserfi L at t i c e(atitsylpck
triangle to the right) and select fZincblende(2 xfcc)0 f rom t he menu and

theAhYebatton inside th
constantf i el d fia =0 you

those of your preference).

Balsac will construct a finite section of your crystal (Zincblende at present) consisting of a stack of lattice

e warning window fiNew

c lochidking m

| lattice i c e
¢ o ul-diickingad theffielchaad typihgean appropdate nibmper.
However, at first you are not interested in numerical results but only in the structural details of the lattice. So
you use the defaultval ue @A 1. 00 Isttice comstarit field.tThisedefines the lattice constant as one unit
length (whatever "unit" means; in typical applications you will deal with Angstrom units but feel free to use

netplane sections forming a rectangular block. The direction of stacking is given by Miller indices of the
corresponding netplanes. Since you want to stack along the (1 1 1) direction youclicki nsi de t

he

0
y 0
ty
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As a next step you define the size of the rectangular crystal block. This given by netplane sections of N1 x

N2 atoms where N3 layers are stacked. Balsac has already determined two vectors R1', R2' which define a

periodicity basis within the lattice planes. Then the section size is determined by the number of atoms along

each of the two basis vectors. Here N1 refers to R1' and N2 to R2'. Since you want to select a section that

does not look too complicated but still gives the impression of planes you decide on a 6 x 8 array of atoms in
eachnetplaneand t ype 1608 fiad suiecse fit he fi el ds fAPl anar(THE1 0 anc
default values b, 50where smaller.) Now you have to decide how many netplanes you want to include and

settle at five netplanesby t ypi ngb50t hiensviadeuet hie .fi el d ALayers N30

Non-primitive lattices (for example Zincblende) may include different non-equivalent netplanes, depending on

the netplane direction, which differ by their element composition and density. In Balsac you can set the index

of the starting plane at the bottom of the crystalblocki nsi de t hre) G lfiidglidlof( 1t he f Se
where n gives the possible number of different start planes, n=2 in the present example. For now, you start

building with the first netplane (you may start with the secondl at er ) and type the-2vadl ue
field.

Now you are ready to visualize the lattice section for the first time. After you L-click the i Vi s u abuttorzee 0
graphics window opens with the picture shown below.

7 Lattice: Zincblende(2 x fcc) - = |EI|_X_|
File Wwiew Atoms Settings Analysis Re-plot Refresh Help
Elements:

All atoms are sketched as balls (filled circles) where the filling color discriminates between the different

elements, blue for zinc (Zn) and green for sulfur (S). This is explained by the legend at the top left showing

i Zn o ainside sindlldlue and green rectangular areas. The atoms are enclosed by a black wire frame
sketching the 3-dimensional box of the lattice section. In addition to the figure the graphics window shows at

the top an optionbarfi Fi | e Vi ew At oms €0 from Lwhckiegh you
the corresponding keyword which we will practice later.

You can rotate the lattice section inside the window by changing the viewing direction. If you press the
cursor key [up] the lattice section will be redrawn with a more grazing view with respect to the netplanes while
pressing the cursor key [down] changes the view towards the netplane normal. Further, pressing the cursor
keys [left] / [right] rotates the view clockwise / anti-clockwise about the netplane normal.



The viewing direction is defined by an internal coordinate system where the normal vector of the stacking
netplanes acts as the z axis and the xy plane is parallel to the netplanes. Then any viewing direction can be
described by two angles, Theta (polar angle with respect to the z axis) and Phi (azimuthal angle with respect
to the x axis). By pressing the cursor keys [up] / [down] you increase / decrease the value of the polar angle
Theta by a fixed increment (10 degrees by default which you can change later). Likewise, pressing the cursor
keys [right] / [left] increases / decreases the value of the azimuthal angle Phi by a fixed increment (10
degrees by default which you can change later).

There is a more direct way to change the viewing direction which uses your mouse. Just point inside the

graphics window and L-drag the mouse up, down, or sideways. (lL-Dr aggi ngo means movVvi ng
inside the window while keeping the left mouse button pressed.) This will reduce the view of your lattice

section to the enclosing wire frame which rotates continuously as you drag the mouse. After you release the

left mouse button the lattice section will be redrawn for the view which you chose. Here L-dragging up /down
corresponds to pressing the cursor key [up] / [down] (increasing /decreasing angle Theta) while L-dragging

left / right corresponds to pressing t he cursor key [right] / [left] (increasing /decreasing angle Phi).

Apart from viewing directions you can change the display of the lattice section in many ways. Here we
mention just a few examples. You can

1 change the magnification of the view by L-dragging up / down while keeping the [Cntrl] key

pressed or by pressing cursor keys [M] / [m].

shift the lattice section by L-dragging in any direction while keeping the [Shft] key pressed.

rotate the lattice section about the viewing direction by L-dragging up / down while keeping the

[Cntrl] + [Alt] keys pressed.

1 change the perspective view by by L-dragging up / down while keeping the [Cntrl] + [Shft] keys
pressed. Here L-dragging up moves the viewer closer to the lattice section while L-dragging down
moves away.

f
f

There are special viewing directions which you can choose by L-clicking the keyword fiV i e wfdhe option
bar at the top of the graphics window. This opens a list of options which you can select from. L-click for
examplethelined Vi ew al o whych epgne a submenu of six entries. L-clicking lined Vi ew z 0
redraws the lattice section for a view perpendicular to the netplanes from above.

Choosing options from the option bar is a very common procedure of a Balsac session. L-clicking a

keyword of the opplionhoband( é@ReépesihBg openlscliekingd st wi
line allows you to select an option. Lineswitha bl ack triangle to the right (fc¢
t he fAVi eapeéenfurtkenoption submenus while a | ine with three dots
parameter menmnu eam® apenstalgeparaie input window. In the following we will use a

shorthand writing for choosing options from the option bar where i A | 0Bie |a niSclidk keyword A from

the option bar followed by L-clicking option line B followed by L-clickingopt i on C fr om submen
exampleisi Settings | L a y o u tAndtherBxarapleiisii ¢/ i radielvdatbng axis | View -> x0

which redraws the lattice section for a view parallel to the x axis inside the netplanes.

So far, your lattice section is shown with simple painted atom balls where different colors discriminate

between elements (blue for Zn, green for S). You can also paint the atom balls according to their layer index

by selecting ASettings | Col or s /regravsthe latiicgsedtion®ighi nt i ng |
different colors for the five different layers. This is also indicated by the legend at the top left showing layer
indices 110 to A50 1 nsi Youcan godbhck to elemend painting bly $elealingr ect an gl
iSettings | Colors/ painting | Painting | El ements di ff

Let us produce a fancier plot of the lattice section by

1 going back to element painting by selectingiiCo | or s/ pai nti ng | Pai,nting |
1 showing the atoms as brilliant shaded balls by selectingfi At oms | At om design | B
91 reducing all atom radii to 70% of their default setting (atom ball radii element dependent and scaled

to maximum space filling) by selecting At oms | At om r adi iThijopehsdsmalladi i

Radiiwi ndow with a fiel dLiclechied idd & Stctad ef if alcd oathed o0t. y p
def ault settl-aligkthdid Vi0® u abitoretenpdate the graphics followed by L-
clicking the i C| o bugtan of the Radii window to return to the graphics window.



9 introducing atom bond sticks beween Zn and S atoms by selectingfi Set t iAtom&ongs |
Global b o n d. §his opens the analysis line field at the bottom of the graphics window reading

Bond definition: L - click 2 diff. atoms A,B; R- click evaluates

after which you L-click inside a Zn atom ball which is confirmed by an analysis line reading e. g. like

1(2): Zn atom( 174/ 5) xyz,r= ( 0.000000 0.408248 1.154701), 0.097751
and then you L-click inside a S atom ball which is confirmed by an analysis line reading e. g. like
2(2): S atom( 139/ 4) xyz,r= ( 0.353553 0.204124 1.010363), 0.205358

Now you set the bond stick beween the two atoms (and for all Zn - S atom pairs of the same
distance) by R-clicking which is confirmed by an analysis line

1:Zn - S bonds set for d= 0.433013 +/ - 0.0500

and a small line connecting the two atom centers. Select the keyword fi R-p | otb see the result
shown below.

& Lattice: Zincblende(2 x fcc) 3 - 10| x|
File View Atoms Seftings Analysis Re-plot Refresh Help

Elements:

For later use let us save the structure data of the present lattice section in a file called i my Bn | aTbo do

this select from the optionbarfi Fi | e | S dhiseopeassa sténdard MS Windows output file window

and lets you choose an output file name and directory. Ty pe t he abov® lnaatnde ifinmytZzhne n a
and select the Latuse (*.lat) format for output. Then L-clicking the i S a vbaitton closes the file window and

opens an option window confirming your file name. In this window you can also set details of the lattice basis

and add an atom coordinate listing to the output file. You stick to the default and L-click the i S a vbaitton

which generates the output file and returns to the graphics window.

So far Balsacs has sketched your lattice section as a whole, i. e. all netplanes at once, where the section
was built starting from the atom furthest away and proceeding towards you (Atom-by-atom mode). You can



change the display mode to build each netplane separately starting from the bottom most (Layer-by-layer

mode) by selecting fiSettings -byllaayiematively, ylurcanbiildhegchmo d e |
atom of the lattice section separately (Single atoms mode) by sel ecting fiSettings |
Single atomso.

In Layer-by-layer mode Balsac starts sketching all atoms of the first netplane section inside an open wire
frame to indicate the crystal block. Then the option bar at the top allows you two select between two
keywords, fi(loary efirConnai?ndulion ilschak. I f you

T fALayer thén Bal®ad sketches all atoms of the second netplane section and the option bar
shows t he keywordéor ihiGygaemd #iuBi®pi sho. This coftinue
netplane section shows and the plot is finished by closing the wire frame.

1 A Fi n itherhBalsac stops sketching atoms and finishes by enclosing the incomplete lattice section
by the wire frame. After this you can analyze the lattice section as desribed below or proceed by
changing display parameters and re-plot.

In Single atoms mode Balsac starts sketching the first atom of the lattice section (which is furthest away
from you) inside an open wire frame to indicate the crystal block. Then the option bar at the top allows you
two select bet wehtom#t 26?00k e f @oarmld nfukion i Lschiok . I f you

1 AAtom # 2 thel Balsac sketches the second atom of the section and the option bar shows the
keywoAtds# 3F(?00r A Coand niukidni sho. Tdilatemsofthalatica ues unt
section are shown and the plot is finished by closing the wire frame.

1 A Fi nithermBalsac stops sketching atoms and finishes by enclosing the incomplete lattice section
by the wire frame. After this you can analyze the lattice section as desribed below or proceed by
changing display parameters.

Both Layer-by-layer and single atom mode viewing can help you do get oriented and obtain a detailed view in
complex crystal structures. In these complex systems it may require some time to complete the plot of a
lattice section. While the section is drawn you can interrupt plotting by either pressing the space key [] of
the keyboard or L-click inside the graphics window after which plotting stops and the option bar at the top
shows two keywords, AlCyowntciickued and AFinishbo

1 fContinued or type [c] / [C] then Balsac continues plotting until the lattice section is complete or you
interrupt again.

1 fFinisho or press the [esc] key then Balsac stops sketching atoms and finishes by enclosing the
incomplete lattice section by the wire frame. After this you can analyze the lattice section as
described below or proceed by changing display parameters and re-plot.

An even shorter way to finish plotting with an incomplete lattice section is by R-clicking inside the
graphics window while the section is drawn. This is particularly useful if you want to quickly see
details of a complex lattice section at different angles: you plot (L-c | i ¢ kp |Adrtaél you get to
the center of interest, finish by D-click, then analyze and re-plot until you get to the center of interest,
finish by D-click, and so on.

So far, the topmost lattice plane consists of positive Zn ions shown as small blue balls which accounts for

one of two possible terminations of the ZnS(111) surface. To see how the second surface termination

looks you simply change theinde x of the starting netplane from Al1d t
theoptonbar AFi | e | Buil d | B u |l k @attice huilderlwhiah poai sasv alteddyewheni n d o w
you started to build the ZnS lattice section from scratch. In this window you L-click the input field next to

Al nimi)adl oflthe ASectiond area and chanlgdickinditee i ndex nt
fi Vi s u abluttorz of the window opens the graphics window and shows the lattice section with its second

surface termination, large blue sulfur balls at the top.

You may also inspect surfaces of other Miller index planes, like ZnS(001) which comes with only one

possible termination. Thi s i s possible by selecting from the opti
window ofthelatt i ce bui |l der agai n. Here you change the Mill e
ih =0, Ak =0, and ThénlL-=slickingthe \Vi0s u ablotidor of tieewithdow dpéns the

graphics window and shows the lattice section for the (001) termination.



You can get detailed numerical information about the atom positions that Balsac has computed by

selecting from the

opté @nwlbiach idApems 4 de atormt ®@ msi ndo

coordinates of the lattice section. More detailed information concerning specific atom centers and geometric
relationships is available with the interactive mouse analysis inside the graphics window which is described

separately.

Finally, you can study different structures of the example structure files provided with the Balsac package

in directory \$Balsac\Examples. Select fromtheopt i on bar FfAFil e | Open é0. Thi
Windows input file window and lets you choose an input file name and directory. Try to find and visualize the

high Tc superconductor crystal YBa2Cu3O7 contained in file 'ybacuo.lat'.

When you are tired or bored you quit the Balsac/Lattice sessionbys el ecting from the opti
which closes Balsac without any further confirmation.

If the autobackup option is activated then closing the session produces a backup file namedfibal sac. sv
with all structure data and graphics settings in the file directory where you were working. You can inspect the

present setting of the autobackup optionbys el ecting from the option bar AFiI
i Aut o b aTdig limepstarts with a hook if autobackup is activated. If not, you can L-click the line to

activate the option.

You can resume the Balsac/Lattice session with the backup file by starting Balsac and L-clicking the
i Get B alukon inside the Lattice frame of the Balsac startup window. This moves immediately to the

graphics window of the Lattice session.



#$K+Ba |l sac/ Cl ustream SScsrsa tomh f

In this lesson we build and examine a Ni(CO)4 molecule.

Let us assume that Balsac is correctly installed in your system and you have successfully opened the Balsac
startup window. (For details on startup see elsewhere.)

BALSAC Version 4.21

After you have L-clicked the fi B u i butod inside the Cluster frame the window of the cluster builder
opens.

#L0304
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¥ Cluster builder N x|
File Title Atoms Group Help
Title  |Cluster title
Atom centers (H1.)
Total= 1 (0 hidden) | group= 0 [0 hidden] D-click modifies., R-click deletes
. X v Z Rad Znuc
i) = 1) 0.000000 0.000000 0.000000 0.300000 1/ H
Add | Default | Set Origin| Radii: Covalent | Scale |
Scratch Visualize I Hide/close I

This asks you for a title (up to 60 characters) to describe the system. So you click inside the field next to
fi T i and tgpe i Ni(CO)4 molecule”.

Now you have to think about the coordinates of the nine atoms of the molecule (1 x Ni+4 x C + 4 x O). You
know that Ni(CO)4 molecule is of tetrahedral symmetry with the Ni atom in its center and interatomic
distances

d(Ni-C) = 3.75 Bohr, d(C-O) = 2.15 Bohr
Therefore, appropriate atom coordinates are

R(Ni)= (0,0,0)

R(C)= (a,a,a), (-a,-a,a), (-a,a,-a), (a -a -a)
R(@©O)= (b,b,b), (-b,-b,b), (-b,b,-b), (b,-b,-b)
with  a = d(Ni-C) / sqrt(3) = 2.1651 Bohr

and b = [d(Ni-C) + d(C-O)]/ sqrt(3) = 3.4064 Bohr.

The coordinate field in the cluster builderne xt t o #Ar (i) =0 s how¢#lawhicheyaulcgn on e
modify to yield the central Ni atom. D-clicking at the line inside the field opens an atom input window where

you can modify (Cartesian) coordinates, the atomic radius, and the nuclear charge of atom # 1. Since the

coordinates are already those of the Ni atom you change the nuclear charge. L-clicking the button next to

the field fAZnuc =0 o0penl-cliekthe@ N ibdtdniwbichtlesesithe tabehvindowr vy o u
and showst hfie2 8hou calsear charge. (You could also have typ
field.) Since you do not have values of atomic radii at hand you decide to use the internal default A 0. 30 whi c
shows in the field next to @ Radiclickingthefi App butanwhichc onf i r
closes the atom input window returning to the cluster builder with the Ni atom data in the first line. Now you

add the first C atom by L-clicking the i A d dutton which opens the atom input window again and allows

you to define the second atom by typing

X = fi2.1651002.4651002. RaBiGsE®,3, Znuc= 6 (C)



in the corresponding fields which you confirm by L-clicking the i Ap | youiton. Now the coordinate field of
the cluster builder window shows two atoms. Since the atom input window is left open you can add the
remaining seven atoms with

=2. 650 ,=2. 1065 %0 = 0 2. RaBiGsEd,3 Znuc= 6 (C)

=2. 165Y0 = 02. 4 6810106 5 Radjus= 0.3, Znuc= 6(C)

= fi2.y 68101065 %0 ,=2. 106 5 Radjus= 0.3, Znuc= 6 (C)

340640, y 3.4064D, z 3.4064D0, Radius= 0.3, Znuc= 8(0O)

=3.40680 , y =3.406d40 , z= B.40640 , Radius= 0.3, Znuc= 8(0O)

=3.40680 , y 3.4064D, z =3.406d40, Radius= 0.3, Znuc= 8(0O)

=3.40680 , y =3.40640 , z =3.40640 , Radius= 0.3, Znuc= 8(0)

X X X X X X X

successively until the molecule is complete and you close the atom input window by L-clickingthe A CI o s e 0

button. Now you assign (scaled) covalent radii to all atoms by L-clicking the button i Co v a | aéthet 0
bottom right of the coordinate field which sets the radii

r(Ni) = 1.934219, r(C) = 1.016784, r0) = 1.133210 .

Now you are ready to visualize the molecule for the first time. After you L-click the i Vi s u ablutiorzee 0
graphics window opens with the picture shown below.

%7 Cluster: Ni{C0)4 molecule ' - o] x|
File View Atoms Groups Settings Analysis Re-plot Refresh Help

Elements:

c

Q0

All atoms are sketched as balls (filled circles) where the filling color discriminates between the different
elements, blue for nickel (Ni), green for carbon (C), and cyan for oxygen (O). This is explained by the legend
at the top NQaédat ndhids@®smgll biie, green, and cyan rectangular areas. The atoms are
enclosed by a black wire frame sketching the 3-dimensional box of the molecule. In addition to the figure the
graphics window shows at the top an optionbari Fi | e View At oms é o
varions options by L-clicking the corresponding keyword which we will practice later.

You can rotate the molecule inside the window by changing the viewing direction. If you press the cursor

f

r

(o]



keys [up] / [down] the molecule will rotate up /down while pressing the cursor keys [left] / [right] rotates the

The viewing direction is defined by the Cartesian coordinate system in which the atom positions were
provided. Then any viewing direction can be described by two angles, Theta (polar angle with respect to the
z axis) and Phi (azimuthal angle with respect to the x axis). By pressing the cursor keys [up] / [down] you
increase / decrease the value of the polar angle Theta by a fixed increment (10 degrees by default which you
can change later). Likewise, pressing the cursor keys [right] / [left] increases / decreases the value of the
azimuthal angle Phi by a fixed increment (10 degrees by default which you can change later).

There is a more direct way to change the viewing direction which uses your mouse. Just point inside the

graphics window and L-drag the mouse up,down,or s i de wayasg.gi(nigld means moving

inside the window while keeping the left mouse button pressed.) While dragging, only the wire frame shows
and rotates continuously to facilitate your orientation. After you release the left mouse button the molecule
will be redrawn for the view which you chose. Here L-dragging up /down corresponds to pressing the cursor
key [up] / [down] (increasing /decreasing angle Theta) while L-dragging left / right corresponds to pressing t
he cursor key [right] / [left] (increasing /decreasing angle Phi).

Apart from viewing directions you can change the display of the molecule in many ways. Here we mention
just a few examples. You can

1 change the magnification of the view by L-dragging up / down while keeping the [Cntrl] key

pressed or by pressing cursor keys [M] / [m].

shift the molecule by L-dragging in any direction while keeping the [Shft] key pressed.

rotate the molecule about the viewing direction by L-dragging up / down while keeping the [Cntrl] +

[Alt] keys pressed.

1 change the perspective view by by L-dragging up / down while keeping the [Cntrl] + [Shft] keys
pressed. Here L-dragging up moves the viewer closer to the lattice section while L-dragging down
moves away.

f
f

Next you remove the wire frame about the molecule by L-clicking the keyword fiSettingso of the option bar
at the top of the graphics window. This opens a list of options from which you select (L-click) the line
fiLayouto which opens a submenu of six entries. The line @ Wi r e fshowsreehook in front of it to indicate
that a wire frame will be drawn. You deactivate this option by L-clicking the line which redraws the molecule
without the wire frame. (The next time you choose this option the wire frame line will show no hook and L-
clicking will turn on the wire frame option again.)

Choosing options from the option bar is a very common procedure of a Balsac session. L-clicking a
keyword of the opplomdbfaRef{rasledp)t d@dRens a L-cliskingawi t h
l'ine allows you to select an option. Lines with a

t he @A Vi e apenfurtkenoption submenus while a line with three dotsatthe end (f or exampl

parameter menu €0 penstakeparaieVinput wirddowme theufdllowing we will use a
shorthand writing for choosing options from the option bar where i A | B e [a niSadidk keyword A from

the option bar followed by L-clicking option line B followed by L-clickingopt i on C from submen

exampleisii Set ti ngs | L a y omnith redravi¥ithe reoletute aith/avithout the wire frame.

Let us produce a fancier plot of the molecule by

1 showing the atoms as brilliant shaded ballsby sel ecting AAtoms | Atom de:

1 reducing all atom radii to 70% of their previous setting (scaled covalentradi)by sel ecting
Atom radi. | Al'l rmadiism@ardédl )Ra&o . Twhingd oowdastar © h- a

clicki nside the field and type f0. 70L-cliekgHhed ¥i sgat heed

button to update the graphics followed by L-clicking the i C1 o buttan of the Radii window to
return to the graphics window.

1 labeling all atoms by their element name by selectingi Set t i ngs | Layout eft At on

name.s 0

1 removing the wire frame about the molecule (if it has not been removed above) by selecting
ASettings | Layout | Wire frameo.



9 introducing atom bond sticks Ni- Cand C - O by selectingii Set t i ngs | @Glbbmim bonds
b o n d. 3his opens the analysis line field at the bottom of the graphics window reading

Global bond definition: L - click 2 diff. at oms A,B; R - click evaluates

after which you L-click inside the Ni atom ball which is confirmed by an analysis line reading
1(2): Ni atom( 1/ 0) xyz,r= ( 0.000000 0.000000 0.000000), 1.353953

and then you L-click inside a C atom ball which is confirmed by an analysis line reading e. g. like
2(2): C atom( 5/ 0) xyz,r= ( 2.165100 -2.165100 -2.165100), 0.711749

Now you set the bond stick beween the two atoms (and for all Ni - C atom pairs of the same
distance) by R-clicking which is confirmed by an analysis line

1:Ni - C bonds set for d= 3.750063 +/ - 0.0500
and a small line connecting the two atom centers.

Now you repeat the procedure by L-clicking inside the C atom ball which is confirmed by an
analysis line reading e. g. like

1(2): C atom( 5/ 0) xyz,r= ( 2.165100 -2.165100 - 2.165100), 0.711749 ,
then you L-click inside an O atom ball which is confirmed by an analysis line reading e. g. like
2(2): O atom( 9/ 1) xyz,r= ( 3.406400 -3.406400 - 3.406400), 0.793247 .

then you set the bond stick beween the two atoms (and for all C - O atom pairs of the same distance)
by R-clicking which is confirmed by an analysis line
2: O - C bonds set for d= 2.149 995 +/ -0.0500

and a small line connecting the two atom centers. Select the keyword i R | otb See the result
shown below.

& Cluster: Ni(C©Q)4 molecule } - 0] x|
File View Atoms Groups Settings Analysis Re-plot Refresh Help
Elements:

For later use let us save the structure data of the present molecule in afile calledi my Ni CO4Todd t o
this select from the optionbarfi Fi | e | S dhisopeassa sténdard MS Windows output file window
and lets you choose an output file name and directory. Ty pe t he above name fAimyNi CO4.



and select the Plot3D (*.plt) format for output. Then L-clicking the i S a vhbaitton closes the file window and
asks you to confirm the file name. If you click the fi Y e $uiton Balsac generates the output file and returns to
the graphics window.

Molecules/clusters which are larger and more complex the Ni(CO)4 may require some time to complete the
plot. While the molecule/cluster is drawn you can interrupt plotting by either pressing the space key [] of
the keyboard or L-click inside the graphics window after which plotting stops and the option bar at the top
shows two keywords, i Co n t i amdifieFoi n i Ifsybud.-click

1 fContinued or type [c] / [C] then Balsac continues plotting until the molecule is complete or you
interrupt again.

1 AFinisho or press the [esc] key then Balsac stops sketching atoms and finishes by enclosing the
incomplete molecule by the wire frame. After this you can analyze the molecule as described below
or proceed by changing display parameters and re-plot.

An even shorter way to finish plotting with an incomplete molecule is by R-clicking inside the
graphics window while the molecule is drawn. This is particularly useful if you want to quickly see
details of a complex molecule at different angles: you plot (L-c | i ¢ kp IfidRueél you get to the
center of interest, finish by D-click, then analyze and re-plot until you get to the center of interest,
finish by D-click, and so on.

You can get detailed numerical information about the atom positions of the molecule that Balsac uses by
selecting from the option bar AAtoms | Lisaomatoms éo
coordinates of the molecule. More detailed information concerning specific atom centers and geometric
relationships is available with the interactive mouse analysis inside the graphics window which is described
separately.

To practice some of the more advanced features let us build the Ni(CO)4 molecule using a different

strategy by exploiting its symmetry. To do this you start Balsac from scratch as above and L-click the

fi B u i butod inside the Cluster frame of the Balsac startup window which opens the window of the cluster

builder. Here you typeN(@O)4hmoecueir ebeij |l €0 p,linclidd eordinatéslofeonlyf i e | d
the three atoms

x 900, y =000p z =000p¢ Radius= 0.3, Znuc= 28 (Ni)
X = N2.1651002.4651002. RaGiGSE®D,3, 2Znuc= 6(C)
X B.4064D0, y B8.40640, z B.4064), Radius= 0.3, Znuc= 8(O)

as described above, and assign (scaled) covalent radii to all atoms by L-clicking the buttoni Cov alage nt 0
the bottom right of the coordinate field. This yields a linear NiCO fragment along the (1, 1, 1) direction which

you can see in the graphics window after you have L-clicked the i Vi s u abluttorz. ¥odi can use this NiCO
fragment to generate Ni(CO)4 by applying symmetry operations in different ways. To do this you first save

the NICO structure in a backup file for later use by selectingfi Fi | e | .Backupo

The Ni(CO)4 molecule is of tetrahedral symmetry and contains a 4-fold rotoreflection axis which is centered
at (0, 0, 0) and points along the (0, 0, 1) direction. So you apply this symmetry element to the NiCO fragment
by selectingfi At oms | Appl y . Thig opems thersymnmeiy window where you

1 L-clicktheiRot oref | edtuitdron( $m)sd de the AOperationsd fr a
1 typetheo r d e r of thedrdtoreflection axis inside the field next t o AOrder =0.

The direction and origin of the axis happen to be set by default and do not need to be changed. After you L-
click the i A p p bujtan the symmetry window closes and the molecule is redrawn with all its symmetry
equivalent atoms included yielding Ni(CO)4. This was easy! Let us try a different way.

Restore the NiCO fragment from the backup file by selecting fiFile | Get cluster backup é 6. Now you can
get to Ni(CO)4 by two subsequent symmetry operations,

1 a4-fold rotation axis which is centered at (0, 0, 0) and points along the (0, 0, 1) direction. This yields
already Ni(CO)4 but with pyramidal shape where two CO pairs point in the wrong direction.



1 a mirror plane operation applied to two facing CO pairs with the mirror plane centered at (0, 0, 0) and
its normal direction pointing along (0, 0, 1). This corrects the error of the first symmetry operation.

So you apply the first symmetry element to the NiCO fragment by selectingi At oms | Appl y. sy mm
This opens the symmetry window where you

1 L-clicktheiRot at i omut(tCn 6i nsi de the AOperationso frame
1 typetheor deroffidtohe rotation axis inside the field nex

The direction and origin of the axis happen to be set by default and do not need to be changed. After you L-
click the i A p p bujtan the symmetry window closes and the molecule is redrawn showing a pyramidal
Ni(CO)4 molecule.

Now you define a group of atoms inside the cluster consisting of two facing CO pairs by selectingi Gr oup s |
Define | Selected atomso. This opens the analysis line field at the bottom of the graphics window reading

Define new  group: L - click atom(s) to include; R - click finishes

after which you L-click inside the four atom balls of the two facing CO pairs and finish the group definition
by R-clicking. This redraws the molecule with all atoms of the group labeled by white circles with crosses.

Now you apply the mirror symmetryt o al |l atoms of the group by selecti
This opens the group operation window where you have to provide the mirror plane origin (0, 0, 0) and its

normal direction (0, 0, 1). These quantities happen to be set by default and do not need to be changed. So

you L-click the i Mi r budtonéfter which the group operation window closes and the molecule is redrawn

showing the correct Ni(CO)4 molecule.

You can find out about all symmetry elements of the Ni(CO)4 molecule by selectingii Anal yi s | Sy mn
a n al vy. aftersthis Balsac evaluates the symmetry elements and shows them in a separate symmetry

window. You will find that the molecule (of Td symmetry) contains four C3 and three C2 rotation axes, six

mirror planes, and three S4 rotoreflection axes. L-clicking the i C1 o buétan of the symmetry window

You can also study different molecules of the example structure files provided with the Balsac package in

directory \$Balsac\Examples. Sel ect from the option bar AFile | Ope
Windows input file window and lets you choose an input file name and directory. Try to find and visualize the

C60 (Fullerene, Buckminster ball) molecule contained in file 'c60.plt'.

When you are tired or bored you quit the Balsac/Cluster sessionbys el ecting from the opt
which closes Balsac without any further confirmation.

If the autobackup option is activated then closing the session produces a backup fle namedfibal sadc. s v
with all structure data and graphics settings in the file directory where you were working. You can inspect the

present setting of the autobackup optionbys el ect i ng from the optilmen bar AFIi |
fiAut obackupo. This | ine starts with alL-blickthelinefo aut obac
activate the option.

You can resume the Balsac/Cluster session with the backup file by starting Balsac and L-clicking the
i Get B alukon inside the Cluster frame of the Balsac startup window. This moves immediately to the
graphics window of the Cluster session.



#$K+l nteractive Helop

Balsac comes with a extensive interactive help features where

1 the Balsac manual (which you are reading at present) is available by selectingi Hel p | Cont en
from the option bar at the top of each window.

1 selected chapters of the Balsac manual which apply to the active window in which you are working
is available by selectingi He|l pT hi s #mnhd aptiod bar of that window.

1 context sensitive help is available for all options by pointing at the option (menu entry or input field)
and pressing the F1 key while keeping the left mouse button down.

#1.0305

% Interactive Help
KInteractive Help
* balsach:0000



#*$K+Analegperructurse Det ai l

Apart from basic analysis options available from the main option menus, such as atom coordinates or
symmetry listings lattice sections and molecules/clusters can be analyzed interactively with a mouse while
they are displayed on the screen. This is one of the most powerful features of Balsac. The basic concepts of
these analyses are the same for Lattice and Cluster sessions but some features may be available for only
one session type. Therefore, you will practice in both sessions.

Mouse Analysis, Balsac/Lattice Session

Mouse Analysis, Balsac/Cluster Session

#1L0306

$ Analyze Structure Details
K Analyze Structure Details
* balsach:0000



#$Kk+Mouse Anal ysi s, Bal sac/ Lattice Sess|

In order to learn about the numerical analysis of lattice sections using graphics output of a Balsac/Lattice
session you restart Balsac with input from the file imyZnS.latdé which you have created earlier. This is
achieved for example by starting Balsac from scratch and L-clicking thed Fi | e Huttop whiclbopens a
standard MS Windows input file window and lets you choose an input file name and directory. After you have
found and loaded the input file the Balsac graphics window opens and you are ready to start with the
analysis. (If you d o n énd thd input file you create the structure data quickly by following the recipe
described elsewhere.)

First, you measure distances between atoms which requires two atoms of the lattice. After you have
selectedii Anal ysi s | Di sanamlysés dine fiell opgers atshe bottom of the graphics window
reading

Atom distance/vector AB: L - click 2 diff. atoms A,B; R - click evaluates
So you L-click for example inside the two sulfur atoms closest to you which is confirmed by analysis lines
reading

1(2): S atom( 139/ 4 /2 ) xyz,r= ( 0.353553 0.204124 1.010363), 0.205358

and
2(2): S atom( 146/ 4 /2 ) xyz,r= (1.060660 0.204124 1.010363), 0.205358

Now you measure their distance by R-clicking which shows an analysis line
Distance(SumRad)= 0.707107( 0. 410717), Vector xyz= ( 0.707107 0.000000 0.000000)

giving the actual distance (d(S-S) = 0.707107), the sum of the two atom radii (= 0.410717) for comparison,
and the connecting vector (in Cartesian coordinates) between the atoms.

You can repeat this distance measurement as long as you like. To stop the analysis you L-click after a
distance has been measured which closes the analysis line and brings you back to the normal graphics
mode allowing you to change views of entering another analysis option.

As a second example, you determine neighboring atom shells about an atom which requires only one
atom, that in the center of the shells, to be selected. After you have selected i An a | yAtomseighbor
shellso an analysis line field opens at the bottom of the graphics window reading

Atom neighbor shells: L - click atom A; R - click evaluates
So you L-click for example a zinc atom of the topmost atom layer in the center of the section which is
confirmed by the analysis line reading

1(1): Zn atom( 183/ 5 /1 ) xyz,r=(1.414214 1.632993 1.154701), 0.097751

Now you determine neighboring atom shells about this atom by R-clicking which shows an analysis line
Shells= 0.433013( 3), 0.707107( 9), 0.829156( 6), 1.000000( 3), 1.089725( 9)

telling you that there are three atoms in the first shell of radius r1 = 0.433013, nine atoms in the second shell
of radius r2 = 0.707107, up to nine atoms in the fifth shell of radius r5 = 1.089725.

You can try other analysis options such as measuring angles, determining neighboring atom planes, or
showing periodicity vectors by selecting from the i An a | yxsxi xgptiohs and following the same strategy
as described above for measuring distances. Depending on the analysis option you may have to L-click one,
two, three, or four atoms before you can analyze (by R-click) where the number of atoms required is always
described in the analysis line at the beginning of the analysis. Further details of the various analysis options
are described in the analysis section.

410307

$ Mouse Analysis, Balsac/LatticeeSsion

K Mouse Analysis, Balsac/Lattice Session
* balsach:0000



#*$Kk+Mouse Anal ysi s, Bal sac/ Cluster Sess|

In order to learn about the numerical analysis of molecules/clusters using graphics output of a Balsac/Cluster
session you restart Balsac with input from the file i my Ni C O 4highlyau bave created earlier. This is
achieved for example by starting Balsac from scratch and L-clicking thed Fi | e Huttop whiclbopens a
standard MS Windows input file window and lets you choose an input file name and directory. After you have
found and loaded the input file the Balsac graphics window opens and you are ready to start with the
analysis. (Ifyoud o n 6 t thd input file you create the structure data quickly by following the recipe
described elsewhere.)

Start with measuring distances between atoms of the molecule which is completely analogous to the
procedure described in the lattice analysis section and you can go there to learn more about it.

Let us measure angles between two joining atom bonds which require three atoms of the molecule. After
you have selected fi An a | yBomndsang]es | Connected bonds AB, BCo0 an analysis line field opens at the
bottom of the graphics window reading

Bond angle (ABC): L -click 3 diff. atoms A - C; R - click evaluates

So you L-click for example inside the atoms of a central C i Nii C triple which is confirmed by analysis lines
reading for example

1(3):Catom(8  /0/0 ) xyzr=( - 2.165000 2.165000 2.165000), 0.914885
2(3): Ni atom( 1 /0 10) xyz,r= (0.000000 0.000000 0.000000), 1.547001
3(3):Catom(7 /0 /0)xyzr=(2.165000 - 2.165000 2.165000), 0.914885

Now you measure the CT NiT C bond angle by R-clicking which shows an analysis line
Bond angle phi= 109.471

which is the well-known tetrahedral angle.

You can repeat this bond angle measurement as long as you like. To stop the analysis you L-click after an
angle has been measured which closes the analysis line and brings you back to the normal graphics mode
allowing you to change views of entering another analysis option.

You can try other analysis options such as measuring angles, determining neighboring atom planes, or
showing periodicity vectors by selecting from the i An a | yxsxi xgptiohs and following the same strategy
as described above for measuring distances. Depending on the analysis option you may have to L-click one,
two, three, or four atoms before you can analyze (by R-click) where the number of atoms required is always
described in the analysis line at the beginning of the analysis. Further details of the various analysis options
are described in the analysis section.
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#$K+SaewStructure Dat a

After you have built a lattice section or a cluster with Balsac you can save all structure and graphics
information in external files of various formats. These files are created by the same procedures during a
Balsac/Lattice and a Balsac/Cluster session; only available file formats may differ. Using external structure
files saves having to retype numerical structure data when you restart Balsac to examine a previously
created structure. External structure files can also be helpful during an interactive session when you want to
return to a previous building step while creating a structure. Further, external files are used for producing
PostScript and bitmap graphics output.

Altogether, Balsac offers five different types of file output which are described in separate sections below.

Explicit File Output
which is the usual way to save structure and graphics data in files of various formats. The files
can be used for input in a new Balsac session.

Plotfile Output (Graphics)
allows you to save graphics data in files of PostScript and (C) Microsoft Bitmap format. The files
can be used for printing on (color) PostScript printers or for input to presentation software such
as (C) Microsoft Powerpoint.

Output on File Stack (Quicksave
allows you to quickly save an intermediate structure on a stack file for later retrieval. The stack
files have standard names, i St a ¢ k nfor Bdlsac{Latticeandi St ac k nfar. pl t o
Bal sac/ Cluster sessions with index nn = 1, 2,
but will be overwritten in each new Balsac session starting with index nn = 1.

Backup File Output
is generated be default each time you leave a Balsac session (unless you turn the default option
off, see below). In some cases (e. g. transferring from a Lattice to a Cluster session) you may be
specifically asked if you want to save a backup file. These files have standard names,
fiBalsac.svl ¢or Balsac/Lattice and fiBalsac.svco for Balsac/Cluster sessions. They are kept in
your working directory and will be used if you decide to recover a previous session at startup (L-
clicking @ GeHoweBes théywill lie usually overwritten by each new Balsac session.

Intermediate File Output
is made for backup purposes in major structure changes (e. g. before applying symmetry to a
molecule) allowing you to return to the previous structure. The files are kept in your working
directory but may be useless after you have finished the Balsac session.

#0309
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#$K+Explicit File Output

You can save structure and graphics data in external files using various file formats using the explicit file
output option.

L-clicking the i F i [Saveod|entry opens a file output options window which allows you to save structure
and graphics data on a predefined output file using the standard Latuse (*.lat) (saving inside a
Balsac/Lattice session) or the Plot3D (*.plt) format (saving inside a Balsac/Cluster session). The
file name, shown in the file output options window, wi | | be defaulted to ABal sa
if the Balsac session has been started from scratch (i.e. without an input file) or it will be identical to
the input file name if the session is started with an input file. The file output options window offers
setting additional parameters depending on the file format. After you L-click the fi S a vhbaitton the
window closes and if you have chosen the name of an existing file for output you will have to confirm
overwriting the file with new structure data. Then Balsac saves the output file and returns to the
graphics window.

L-clickingthe i Fi ISa v p aentryéopens a standard MS Windows file output window and lets you
choose an output file name and directory. First you decide on the output file format by selecting from the file
type chooser at the bottom of the file output window, nexttofi Sa v e a swherg lpadickilg at the black
triangle to the right opens a menu from which you can choose (with L-click) the correct format. Selecting

1 Latuse (*.lat)

refers to the standard (Latuse) file format of Balsac describing lattice sections by
lattice and lattice basis vectors together with section size and graphics parameters.
This format is also accepted for input files in Balsac/Lattice sessions.

Latuse format file output inside Balsac allows setting additional options concerning
lattice basis coordinates, initialization parameters and more. For further details
consult Save Latuse Structure Files.

1 Slab (*.slb)

refers to the slab file format of Balsac describing lattice sections by elementary cells
of finite slabs. This format is useful for input to subsequent supercell calculations such
as those using VASP or Quantum Expresso. For further details see Slab File Format.

1 Plot3D (*.plt
refers to the standard (Plot3D) file format of Balsac describing molecules and
clusters by explicit atom coordinates together with graphics parameters. This format
is also accepted for input files in Balsac/Cluster sessions.

Plot3D format file output inside Balsac allows setting additional options concerning
group definitions, initialization parameters and more. For further details consult Save
Plot3D Structure Files.

1T XYZ (*.xyz
refers to the XYZ file format ((C) Research Equipment Inc. 1991) where molecules
and clusters are described by explicit (Cartesian) atom coordinates but no (Balsac
specific) graphics parameters are included. The format is common to input files in
many different molecular visualization packages. This format is also accepted for input
files in Balsac/Cluster sessions. For further details see XYZ File Format.

1 StoBe (*.stb)

refers to the StoBe file format where explicit (Cartesian) atom coordinates of
molecules and clusters are included as part of the file. StoBe format files are used

#1L0310
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for input to the electronic structure code StoBe ((C) K. Hermann, Fritz-Haber Institute,
Berlin and L. Pettersson, University Stockholm, 2006). Note that Balsac produces a
StoBe input file fragment dealing only with geometric data which has to be completed
by other input parameters before it can be used in StoBe. For further details see
StoBe File Format.

Next you select the output file name in the file name box at the bottom (next to "File name:") where
existing files are listed in the file box above with their format depending on the file format selected by the
file type chooser. You can either type the output file name inside the file name box or choose an existing file
from the file box by L-clicking a name in the file box which moves it to the file name box (allowing you to
overwrite an existing file by new structure data).

NOTE that valid Balsac files have to obey a haming convention where each file name finishes with a 4-
characterpost f i xcliaxaxtoeri zing the file format, for exampl
described above come with postfixes

T A.l ato for Latuse format (output from Lattice and Cluster sessions, input to Lattice
sessions),

T A.plto for Plot3D format (output from Lattice and Cluster sessions, input to Cluster
sessions),

T A.xyzo for XYZ format (output from Lattice and Cluster sessions, input to Cluster
sessions),

1 Astho for StoBe format (output from Lattice and Cluster sessions, not available for input
to Balsac).

If you provide a filename without an explicit postfix Balsac will automatically use the postfix referring to the file
format thatyou haveselect ed. So a filename fimytesto with the Plo
imytest.plto

After you L-click the i S a vhritton of the file output window with a valid file name the window closes and
you are asked to confirm the file name (and to set additional parameters depending on the file format). If you
have chosen the name of an existing file for output you will have to confirm overwriting the file with new
structure data. Then Balsac saves the output file and returns to the graphics window.

The most recently saved output files of your session (up to 12) are shown by their names in the file menu
and can be loaded into Balsac by selectingii Op e n € fromthé option bar where ffnn is the
corresponding file name.



#*$k+SaeGr aphics Dat a

You can save graphics data in external files for printing or presentation purposes using two different file
formats.

L-clicking the i Fi [Save ifnage é 0 entry opens a standard MS Windows file output window and lets
you choose an output file name and directory. First you decide on the output file format by selecting from the
file type chooser at the bottom of the file output window, nexttoi Sa v e a swherg lpatickilng at the
black triangle to the right opens a menu from which you can choose (with L-click) the correct format.
Selecting

1 PostScript (*.eps, *.ps)

refers to the standard (encapsulated) PostScript format in which graphics of lattice
sections and molecules/clusters are saved for subsequent printing on PostScript
(color) laser printers or typesetting devices yielding publication ready output.

PostScript format file output inside Balsac allows setting additional options
concerning colors, shading, page format, and more. For further details consult Save

PostScript Plot Files.

Balsac PostScript files are well structured ASCII files which can be easily modified
with some basic knowledge of the PostScript programming language to yield even
more sophisticated printouts. Details are given elsewhere.

1 Binary Bitmap (*.bpm)

refers to the standard (C) Microsoft Bitmap format in which the content of the Balsac
graphics window is saved as a pixel image file. Binary bitmap format files can be
used outside Balsac to produce images for fast display of fixed views. The format is
accepted by a large number of commercial image processing and presentation
software, such as (C) Microsoft Powerpoint or Word.

Next you select the output file name in the file name box at the bottom (next to "File name:") where
existing files are listed in the file box above with their format depending on the file format selected by the
file type chooser. You can either type the output file name inside the file name box or choose an existing file
from the file box by L-clicking a name in the file box which moves it to the file name box (allowing you to
overwrite an existing file by new structure data).

NOTE that valid Balsac files have to obey a haming convention where each file name finishes with a 4-
characterpost fi xcliaxaxtoeri zing t he fepdoe PlstBeript fotmat filesoThe e x a mp |
formats described above come with postfixes

1 A . e phgpsd, for (encapsulated) PostScript format (output from Lattice and Cluster sessions),

T A bmpo for (C) Microsoft Bitmap format (output from Lattice and Cluster sessions).

If you provide a filename without an explicit postfix Balsac will automatically use the postfix referring to the file
format that you have selected. So a f i | e n a meBitfap fotmat seledted will the ltonverted to
fi my tbenpot .

After you L-click the i S a vhritton of the file output window with a valid file name the window closes and
you are asked to confirm the file name (and to set additional parameters depending on the file format). If you
have chosen the name of an existing file for output you will have to confirm overwriting the file with new
structure data. Then Balsac saves the output file and returns to the graphics window.

#1.0316

$ Save Graphics Data
K Save Graphics Data
* balsach:0000



#$k+Qut pmt Fol e Stack (Quicksave)

You can quickly save structure data in external stack files of your working directory for later retrieval by
selectingi Fi | e | S a viem theoptiert barofidhi graphics window. The stack files have standard
names, i St a ¢ k n(of Ldtuaetfaymat) for Balsac/Lattice and i St a ¢ k n(of PlptBDtfarmat) for
Balsac/Clusters e s si ons wher e i nurdbers thafiles irrthelt save3equepice. Stack files are
kept in your working directory but may be overwritten in a subsequent Balsac session (Lattice or Cluster
type) which always starts saving stack files with names of index nn = 1. After you have saved the stack file
Balsac returns to the graphics window.

The most recently saved stack and other output files of your session (up to 6) are shown by their names in
the file menu and can be loaded into Balsac by D-clicking the file names or by selectingii Open é |
from the option bar where ffnn is the corresponding file name.

410311

$ Output on File Stack (Quicksave)
K Qutput on File Stack (Quicksave)
* balsach:0000

ff

n



#*$k+Backup File Outoput

Balsac will backup your present structure and graphics data in external files of your working directory

whenever you leave a session (Lattice or Cluster). If you only switch between sessions inside Balsac you

will be asked to confirm backup in a separate message window. When you quit Balsac altogether a backup

file of the latest session will be saved depending on whether you have activated the autobackup option.

This option is set by default (indicated by a check sign (hook)t o t he | eft of tinithefild i ne #/
menu) but can be deactivated (and activated again) by selecting i F i Awobjackupo from the option bar of

the graphics window. In addition, you can force backup by selecting i Fi Backupo.

Backup files have standard names, fiBalsac.svlo (of Latuse format) for Balsac/Lattice and fiBalsac.svco (of
Plot3D format) for Balsac/Cluster sessions. They are kept in your working directory and will be overwritten
by any subsequent file backup of the same session type (Lattice or Cluster). After you have saved the stack
file Balsac returns to the graphics window.

You can use backup files to resume previous sessions when you start Balsac by L-clicking the i Ge t
B a ¢ k ubptton inside the Lattice or Cluster frame. Further, you can restore a previously saved session
inside Balsac by selecting fi Fa | Get lattice backupo (Lattice session) or fi Fa | IGet cluster backupo
(Cluster session) from the option bar of the graphics window.

#10312

$ Backup File Output
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#$k+l nt ermedi ate File Output

Balsac saves structure data in external intermediate files before major structure changes are initiated. (An
example is applying symmetry to a molecule where many additional atoms may be generated.) This allows
you to easily return to the previous structure if you have made an error. Intermediate files are kept in your
working directory but may be useless after you have finished the Balsac session.

#1.0313

% Intermediate File Output
K Intermediate File Output
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#$Kk+St aBal sad hwFil e | nput

After you have run a Balsac sessionand saved a structure file (named
for #fAlato, Aplt o, fidifarmatspypu cAnsuselthed file far inputiicsawsubsequent Baksac
session in different ways

1 from the Windows file explorer:
D-click at the corresponding input file of the listing, ff.latg f.pltg f*.xyzG A Bal sac. svl 0,
(This requires you to associate the five file postfixes with the Balsac executable.) Alternatively you
can D-click at the Balsac executable to run from scratch and L-click thefi Fi | e huttop af the
startup menu.

1 from the Windows command line:
choose "Start | Run..." from the taskbar inside MS Windows. Then type

"\ $Balsac \ Balsac 4 \ $dir \file.ext " followed by the Enter key.

1 from the Command Prompt Window (DOS box):
open the Command Prompt Window (DOS box) inside MS Windows. Move to the directory where
the corresponding input file resides and type

"\ $Balsac \ Balsac 4 \ $dir \ file.ext " followed by the Enter key.

9 after starting Balsac from scratch you L-click the fi | n p u tbuttori of teedstartup window which
opens the input file window where you can select the corresponding input file.

In all cases the session type is determined by the postfix of the input file

o *.plt (Plot3D format) or *.xyz (XYZ format) files initiate a Balsac/Cluster session,
o *.lat (Latuce format) files initiate a Balsac/Lattice session,

#0314

$ Start Balsac with File Input
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“*Sk*MoeBet ween Lattice and Cluster Sessi

Lattice sessions always deal with periodic arrangements of atoms (lattices) and any modification is subject
to this periodicity constraint. On the other hand, Cluster sessions deal with finite non-periodic
arrangements of atoms (molecules, clusters) where single atoms can be manipulated. Here Balsac offers you
to move between the two types of sessions while conserving all relevant structure data

1 from a Lattice to a Cluster session where the finite section of the periodic lattice is converted to a
finite atom cluster without periodicity (and all knowledge concerning periodicity is lost),

1 from a Cluster to a Lattice session where a molecule is converted to an elementary cell of a
periodic lattice with fictitious lattice vectors (which can be modified later inside the Lattice session)..

These transfer options allow you to modify structures differently depending on which session you are
running in. For example, you can create a periodic crystal surface in a Lattice session, transfer its structure to
a Cluster session, and add additional single adsorbate molecules or non-periodic perturbations. On the other
hand, you can build a molecule in a Cluster session, transfer its structure to a Lattice session, and create a
rather complex molecular crystal. Note, however, that a transfer from a Lattice to a Cluster session always
destroys the periodicity information of the lattice while all atom coordinates and graphics parameters are
conserved.

Inside a Lattice session you can move to a Cluster session by selecting

T AFil e | CI WPassatomsinode |
This asks you to backup the present Lattice session (which you may or may not choose). After this
Balsac closes the session and opens a Cluster session with all atoms of the previous lattice
section included. In fact you will not see much of a difference in the graphics window. However, the
option menus of the graphics window are those of the Lattice session allowing you to manipulate
single atoms.

Note that independent of whether you selected All atoms, Layer-by-layer, or Single atoms display
mode of the lattice section all atoms of the section will be transferred to the Cluster session.

T AFile | Cluster mode | Start from scratch éo
This shows a warning asking you to confirm the session change (which allows you to return if you
have selected the option erroneously) and then asking you to backup the present Lattice session
(which you may or may not choose). After this Balsac closes the session and starts a Cluster
session opening the cluster builder where you can start building a molecule/cluster from scratch as
described elsewhere.

In order to move from inside a Cluster session to a Lattice session you select

1 A Fi Latticd mode | Pass atomso.
However, before you can use this option you must define a group of atoms of your cluster (this may
also be the complete cluster) which will serve as an elementary cell of your lattice. (Defining a
group of atoms was already used in the Cluster example session when you were dealing with
symmetry.) You define a group of atoms inside the cluster by selectingfi Gr ou p s || Seetddi n e
atomso. This opens the analysis line field at the bottom of the graphics window reading

Define new group: L- click atom(s) to include; R - click finishes

after which you L-click inside all atom balls which you want to include in your elementary cell and
finish the group definition by R-clicking. This redraws the molecule with all atoms of the group
labeled by white circles with crosses.

#1.0315

¥ Move Between Lattice and Cluster Sessions
K Move BetweerlLattice and Cluster Sessions
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Now you can continue with selecting i F i Ladticd mode | Pass atomso which asks you to backup

the present Cluster session (which you may or may not choose). After this Balsac closes the

session and starts a Lattice session opening the lattice builder where the lattice is defaulted to
ATri-®d i (hwict h AORPAG hoethtoimgs) and the | attice basis
selected as a group inside the Cluster session. You may want to adjust further lattice parameters,

such as the lattice vectors and/or radii of the atom basis, or the lattice section after which you can

visualize your new lattice section(L-c | i ck AV suali zeo

iFi Laticgmode | Start from scratch ¢é0o

This shows a warning asking you to confirm the session change (which allows you to return if you
have selected the option erroneously) and then asking you to backup the present Cluster session
(which you may or may not choose). After this Balsac closes the session and starts a Lattice
session opening the lattice builder where you can start building a lattice section from scratch as
described elsewhere.



#*$k+Det ai l ed Operations

Balsac runs in two different session modes, Balsac/Lattice and Balsac/Cluster, where the sessions share
many options of modifying structural and graphics parameters as well as of file in/foutput. These options are
available from the graphics window and may appear in separate windows. They will be described in the
following.

Startup
Graphics Window

File Input/Output View Options Manipulate Atoms
Manipulate Groups Graphics Settings Graphical Analysis
Refresh, Re-plot Help

Other windows

Atom Bonds Atom/Group List Basic Colors

Initialization Shading Element Table

View Parameters Animation Analysis
Builders

Lattice Layer Tube

Cluster

#1.1000

$ Detailed Qperations
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#SK+Startup

Starting Balsac from scratch opens the startup window

BALSAC Version 4.21

Fie Interactive Help

LA 540

Build and Analyze Lattices
Surfaces And Clusters

Yersion 4.21, October 2018

by Klaus Hermann
Fritz-Haber-Institut der MPG
Berlin (Germany)

—Lattice
Build bfci‘up

sior File input
Build bfci‘up =

withamenubarat t he top of t he wiBualdag VWersioudxxd pr a h t eaptidnt Eeebar
buttons inside the window.

From the menu bar L-clicking

1T #AFil eod opensafieinput menu for starting Balsac with external input files or to exit Balsac
altogether.

T nAl nt er a starts anenteractive session from scratch, either Balsac/Lattice or Balsac/Cluster.
These options are identical to those of th

1 fAHel po opensthe help menu forinspecting the complete manual or for obtaining specific
help in the present context.

Inside the startup window there are two option frames, labeled i L a t tandcfeGl u s where loclicking
the

T A Bui budoninsidethefi L at tfiamee 0
starts an interactive Balsac/Lattice session from scratch. This is identical to the
ABuild | attiiilkent epacdoinved meédreu

1 fiGet backupo button inside the i L a t tfriamee 0
resumes a previous interactive Balsac/Lattice session where upon finishing (or by

#1001

$ Startup

K Startup

* balsach:0000



explicit backup) all lattice and graphics details have been saved in a backup file
namedfi b a | s a ofithe wadrking directory. This is identicaltothei Get | att i ce
b a c k wymion of the file input menu.

T 0 Bu i butdon inside the AClustero frame
starts an interactive Balsac/Cluster session from scratch. This is identical to the
ABuild clustdédmteptaicen vefo meea u

1 fAGet backupo button inside the AClusterod frame
resumes a previous interactive Balsac/Cluster session where upon finishing (or by
explicit backup) all cluster and graphics details have been saved in a backup file
namedfibal s adw.fsw he working directory. This i:
backupo o pfieinpuhmead. t he

Further, L-clicking the

T A Fiilnep tbuttén between the two frames
opens the standard MS file input window for loading a Balsac input file to be used in
an interactive session where the session type is determined by the postfix of the
input file

o *lat, balsac.svl (Latuse format) files start a Balsac/Lattice session,

o *.plt, balsac.svc (Plot3D format) or *.xyz (XYZ format) files start a
Balsac/Cluster session,

This is identical to fiemmtne@pen €0 option o

1 A E x ibuttan at the bottom right
exits Balsac immediately.



#SK+El Ingupti ons

L-clicking the i F i Enéryof the menu bar of the Balsac startup window opens a submenu with entries
(select by L-click)

1 AdFile|]Openod é
opens the standard MS file input window for loading a Balsac input file to be used in an
interactive session where the session type is determined by the postfix of the input file

o *.lat, balsac.svl (Latuse format) files start a Balsac/Lattice session,
o0 *.plt, balsac.svc (Plot3D format) or *.xyz (XYZ format) files start a
Balsac/Cluster session,

All other file formats will be rejected and Balsac will be terminated.
This option is identical to L-clicking thefi Fi | e buttop af théstartup window.

1 fiFile|Get | attice backupbo
resumes a previous interactive Balsac/Lattice session where upon finishing (or by
explicit backup) all lattice and graphics details have been saved in a backup file named
i bal s a ofthe warking directory.

This option is identical to L-clicking the fiGet backupo button insidethei Lat t i ce 0
frame of the startup window.

1 nAFile|]Get cluster backupo
resumes a previous interactive Balsac/Cluster session where upon finishing (or by
explicit backup) all cluster and graphics details have been saved in a backup file named
i b al s aooftee working directory.

This option is identical to L-clicking the fiGet backupo button inside the AClustero
frame of the startup window.

1 AFile | Add init parmso
allows to read or ignore basic windows and graphic parameters in Latuse and Plot3D
format file input. Details are explained elsewhere.

1 fFile | Exito
finishes Balsac without any further action.

#1.1002

$ File Input Options
K File Input (ptions
* balsach:0000



#$K+1 nt er act

ve Sessions

L-clicking the filnteractiveod entry of the menu bar of the Balsac startup window opens a submenu with

entries

T nBuild latticed

T fBuild clustero

#1003

% Interactive Sessions
K Interactive Sessions
* balsach:0000

starts an interactive Balsac/Lattice session for building and studying
periodic crystal/particles from scratch. L-clicking this entry opens the
lattice builder to construct a crystal/particle by providing the lattice type,
lattice and lattice basis vectors, and the section size.

This option is identical to L-clicking the fi B u i butioa inside the
fi L at tfiameeobthe startup window.

starts an interactive Balsac/Cluster session for building and studying
molecules and clusters from scratch. L-clicking this entry opens the
cluster builder to construct a cluster by providing explicit Cartesian
coordinates and element details of all atoms.

This option is identical to L-clicking the i B u i bution inside the
fiClusterod frame of the startup window.



#$K+Get t Henlgp

L-clicking the fiHelp & entry of the menu bar of the Balsac startup window opens a submenu with entries

1 AThis windowo opens the Balsac help window (standard MS format) giving specific help
in the present context. Inside the help window the complete Balsac
manual may be inspected.

1 fContentso opens the Balsac help window with the Table of Contents. Here the
complete Balsac manual may be inspected.

1 AAbout Balsaco opens the Balsac help window with details of the software including
developers information.

The fiHelpo entry of the menu bar is available in all Balsac windows showing the above entries with identical
meaning.

#1118

$ GettingHelp
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#$K+Grmhi cisn dMo w

The graphics window forms the central part of Balsac and shows the actual lattice section or cluster (called
fi par t inithd faldwing). Various graphical, analysis and other options are available from the main menu
bar of the window and will be discussed in detail in the following subsections.

File Input/Output View Options
Manipulate Atoms Manipulate Groups
Graphics Settings Graphical Analysis
Refresh, Re-plot Help

The graphics window is activated whenever a drawing of the present particle is initiated, e. g. after loading
a structure file or redrawing with changed viewing parameters or other graphical details.

% Cluster: Surface cluster V10031H12 + CO at O1 B - o] x|
File View Atoms ®Groups Settings Analysis Re-plot Refresh Help

Elements:

[|2(2): O atom( 30/ 0) xyz.r= (10883877 3.367494 0.051235), 0.944491 ~|

The window title bar at the top gives the internal catalogue number and the name of the present particle.
The window bar contains also standard Windows buttons to minimize, maximize, or close the window.

#1010

$ GraphicsWindow
K Graphicswindow
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The main menu bar at the top of the window shows the important menus, which serve to load or save
particles using external files, to change views (angles, magnification, perspective, colors, atom
appearance, etc.), to modify atoms, and to analyze geometric details of the particle.

Menus are selected by L-clicking the corresponding entries of menu bar which read for

Eile View Atoms (Groups) Settings Analysis
Re-plot Refresh Help

where the i Gr o u menwshows only in Balsac/Cluster sessions.



The graphics area shows the particle by a 2- or 3-dimensional color view where atoms are given by crosses,
circles, or differently shaded balls with bond sticks/lines connecting between them. A wire frame
(which can be turned on/off) enclosing the particle helps orienting. In addition, the legend at the top
left of the window explains the coding of different element (or layer) colors used in the plot.



The analysis field at the bottom of the window opens whenever a graphical analysis, such as measuring
atom distances, is performed.

Note that moving windows from other applications over the graphics window can erase some of the
graphics requiring to refresh or re-plot the particle.




#$K+Fi 1l e | npubie/tCaitlpsut ,

L-clicking the i F i Enéryof the main menu bar at the top of the graphics window opens a list of entries
for loading external structure files, saving structure and graphics data of a particle in a file (using various
formats), modifying or building particles from scratch, and switching between Balsac/Lattice and
Balsac/Cluster sessions (with or without passing structure data). Details of the different options are explained
in the following sections.

File Input File Output
File Output of Cells Build Lattice, Nanotube, Cluster
Transfer to Balsac/Lattice Transfer to Balsac/Cluster
Undo Option Confirm Option
Exit

#1.1020

$ File Input/OutputDetails
K File Input/OutputDetails
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#SK+F |

| nput

The File input menu allows starting a Balsac session with a predefined structure of a particle to be
examined. L-clicking the

1 AFile]Open . .0

1 nFile | Get

entry of the menu opens a standard MS Windows input file window and lets you
choose an input file name (including its drive and directory). Existing files are listed in
the file box depending on the file format selected in the selection box (lower left, under
"Files of type:"). L-clicking a file name in the file box moves it to the input box. D-
clicking a file name in the file box selects this file and starts an interactive Balsac
session, see fAOpend bel ow.

L-clicking the fi O p e loutton of the input file window with a correct file name starts an
interactive Balsac session using the structure information of the input file. The session
type is determined by the 3-character postfix of the file name

o *.plt (Plot3D format) or *.xyz (XYZ format) files initiate a Balsac/Cluster session,
o *lat (Latuse format) files initiate a Balsac/Lattice session.

L-clicking the fiCancelo button of the input file window closes the file input window and
returns to the graphics window.

Latuse and Plot3D format files can include basic windows and graphic parameters

which may be read in (overwriting the present defaults) or ignored depending on the
initialization setting which may be changed with the fiFile |[Add i ni tenpyar ms 0
Further details are described elsewhere.

|l attice backupo
entry of the menu (available during Balsac/Lattice sessions only) resumes a previous
interactive Balsac/Lattice session where upon finishing (or by explicit backup) all lattice
and graphics details have been saved in a backup file named i b a | s a of.the wadrking
directory.

This option is identical to L-clicking the fiGet backupo button inside the fi L a t tfiarnee 0
of the startup window.

1 fFile| Getclusterbackupo

entry of the menu (available during Balsac/Cluster sessions only) resumes a previous
interactive Balsac/Cluster session where upon finishing (or by explicit backup) all cluster
and graphics details have been saved in a backup file named fi b a | s aooof tlev
working directory.

This option is identical to L-clicking the fiGet backupo button inside the fiClustero frame
of the startup window.

#L1021

$ File Input

K File Input
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#SK+E| Det put

All structure and graphics information generated by Balsac can be saved in external files of various formats
to be used by subsequent Balsac sessions or as input to other programs. External structure files can avoid
having to retyping numerical structure data and may also be helpful during interactive sessions when one
wants to return to a previous building step while building a structure. Further, external files are used for
producing PostScript and bitmap graphics output.

Altogether, Balsac offers four different types of file output which are described in separate sections below.

Explicit File Output
is the usual way to save structure and graphics data in files of various formats. The files can be
used for input in a subsequent Balsac session.

Latuse and Plot3D format file output from Balsac allows setting additional options
concerning lattice basis coordinates, initialization parameters and more. For further details
consult Save Latuse Structure Files or Save Plot3D Structure Files. and Initialization Data in File

Input/Output.

Plotfile Output
allows you to save graphics data in files of PostScript and (C) Microsoft Bitmap format. The files
can be used for printing on (color) PostScript printers or for input to presentation software such
as (C) Microsoft Powerpoint. PostScript format file output inside Balsac allows setting
additional options concerning colors, shading, page format, and more. For further details

consult Save PostScript Plot Files.
Output on File Stack (Quicksave)

allows one to quickly save an intermediate structure on a stack file for later retrieval. The stack
files have standard names, i St a ¢ k nfor BdlsaciLatticeandfi St ac k nfar. pl t o

Balsac/Cluster sessions withi ndex nn = 1, 2, ¢é thep&seatovtekingi | es
directory but will be overwritten in each new Balsac session starting with index nn = 1.

Backup File Output
is generated be default each time a Balsac session is finished (unless the default option is

turned off, see below). In some cases (e. g. transferring from a Lattice to a Cluster session) one
may be specifically asked for backup. Backup files have standard names, fiBalsac.svl &or
Balsac/Lattice and fiBalsac.svco for Balsac/Cluster sessions. They are kept in the present
working directory and will be used to recover a previous session at startup (L-clicking i Ge t
B a ¢ k ). plawever, they will be usually overwritten by each new Balsac session.

Intermediate File Output
is made for backup purposes in major structure changes (e. g. before applying symmetry to a
molecule) allowing you to return to the previous structure. The files are kept in your working
directory but may be useless after you have finished the Balsac session.

Initialization Data in File Input/Output
is available for Latuse and Plot3D format file output. This includes all basic (windows and

graphic) parameters of the present Balsac session in a format identical with that of initialization
files. L-clicking the fiFile | Ad d i n i t enpyafrtha snénu bar of the graphics window
activates / deactivates the option, see elsewhere.

#1022

% File Qutput

K File Qutput
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#$K+SaewLatuse Structure Fil es

Structure and graphics data of periodic lattice sections are saved in external files using, in most cases, the
standard Latuse format which describes lattice sections by lattice vectors (in explicit Cartesian coordinates or
defined by lattice constants and angles) and lattice basis vectors together with section size and graphics
parameters. After the file name is given a separate Lattice output window appears offering additional output
options.

[ Lattice file output options i x|

Help

—QOutput file name
c:\Program Files (x86)\Balsac4\Balsac.lat

— Lattice vector format -

- Lattice basis coordinates —
® xyz " abc.ang . ( relative
—Miller index format——— [~ Include atom centers
(¢ sc primtv. ( generic ¢ no " yes

—Add initialization data

® yes " no Cancel Save

The topmostbox i OQut put f ioflthe Latticeragpiit window lists the file name including drive and
directory information.

The box i L at vectordormato includes radio control buttons which decide between the output format of
the lattice vectors, either by explicit Cartesian coordinates (option fixyz0) or defined by lattice constants and
angles between lattice vectors (option fiabc,ang0d). The present choice is shown by a black button filling the
radio control and can be changed by L-clicking the corresponding control.

TheboxfiLat ti ce basi dncledesogadid comral buttan®which decide between the output format
of the lattice basis vectors (describing positions of all atoms inside the elementary cell) in Cartesian
coordinates (option i a b s o |) ar in asdnultiples of the three lattice vectors (optionfir e | a)tThev e 0
present choice is shown by a black button filling the radio control and can be changed by L-clicking the
corresponding control.

The box fiMiller index formato includes radio control buttons which determine the output format of Miller
indices used for the layer stacking inside a chosen lattice section. The definitions depend on the type of
Bravais lattice as described in Line 2 of the standard Latuse format (parameter NTYP) where positive NTYP
values (option fisc,primtv.0) refer to sc, primitive, or 4-index Miller indices while negative NTYP values
(option figenerico) refer to Miller indices based on generic reciprocal lattice vectors. The present setting is
shown by a black button filling the radio control and can be changed by L-clicking the corresponding control.

Theboxfil ncl ude a sodncludeseadid emtrol buttons which offer additional output of positions of
all atoms of the chosen lattice section. The atom coordinates can be inspected and used outside Balsac but
are not needed for file input to Balsac. The present setting (option fi y e s @&tom coordinate output, option

fi n 0=no atom coordinate output) is shown by a black button filling the radio control and can be changed by
L-clicking the corresponding control.

#1028
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Theboxfi Add i ni ti alincludes rad® eontblebuttans which control the additional output of all
basic (windows and graphic) parameters of the present Balsac session in the Latuse file. This output is
required if windows and graphic parameters of the session, such as color assignments or the size of the
graphics window, have been changed from their default values and need to be used again. The format of the
additional parameter output is identical to that of the initialization file and described elsewhere. The present
setting (option i y e s iaclude initialization data, option fno0= no initialization data included) is shown by a
black button filling the radio control and can be changed by L-clicking the corresponding control.
Initialization parameters can also be saved and loaded separately.

L-clicking the i S a vbaitton of the Lattice output window generates the Latuse output file with the present
settings and returns to the graphics window.

L-clicking the fiCancel0 button of the Lattice output window returns to the graphics window without further
file output but keeping the present settings.



*$k+SaePl ot 3D Structure Files

Structure and graphics data of clusters are saved in external files using, in most cases, the standard Plot3D
format describing clusters by Cartesian coordinates of correponding cluster atoms and graphics parameters.
After the file name is given a separate Cluster output window appears offering additional output options.

& Cluster file output options ] 5_'
Help

—Output file name
C:\Program Files\B alsac34Balsac. plt

~Label atom groups

........

o yes * ‘no

........

~Add initialization data ——
* yes " no Cancel Save

The topmostbox i Out put f ioflthe Claseemoatgut window lists the file name including drive and
directory information.

(Balsac/Cluster sessions only) The box fiLabel atom groupso includes radio control buttons which decide
whether the atoms of an existing group inside the cluster should be labled (setting their atom radii to their
negative values) in the output file. Plot3D format files with atom groups labeled will be input to Balsac
Cluster sessions with corresponding atoms put into a group for further processing. The present choice

(A y e s label group atoms , Moo= do not label) is shown by a black button filling the radio control and can
be changed by L-clicking the corresponding control.

Theboxi Add i ni ti alincludes radm contblbuttand which control the additional output of all
basic (windows and graphic) parameters of the present Balsac session in the Plot3D file. This output is
required if windows and graphic parameters of the session, such as color assignments or the size of the
graphics window, have been changed from their default values and need to be used again. The format of the
additional parameter output is identical to that of the initialization file and described elsewhere. The present
setting (fi y e s iaclude initialization data, fmo0= no initialization data included) is shown by a black button
filling the radio control and can be changed by L-clicking the corresponding control. Initialization parameters
can also be saved and loaded separately.

L-clicking the i S a vhbaitton of the Cluster output window generates the Plot3D output file and returns to
the graphics window.

L-clicking the fiCancelo button of the Cluster output window returns to the graphics window without further
file output.
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*$k+SaePost Script Plot Files

High-resolution graphics file output of lattice sections and clusters/molecules is available from the Plotfile
output menu by selecting PostScript as the output format. This produces a standard (encapsulated)
PostScript format file in which graphics of lattice sections and molecules/clusters are saved for subsequent
printing on PostScript (color) laser printers or typesetting devices yielding publication ready output.

Balsac PostScript files are well structured ASCII files which can be easily modified with some basic
knowledge of the PostScript programming language to yield even more sophisticated printouts. Details are
given elsewhere.

After the output file name is given a separate PostScript options window appears offering additional output
options.

= PostScript file output options i x|

Help

—Qutput file name [
C: \Users\kehermann\BALSAC\b}SBAL\Vera‘l \Balsac.eps

—PostScripttype-—————— Format
¢ Color (" Gray ((3 Landscape (" Portrait
—Other options
No. of shades. Nsh = l3o
|[v' Outline bonds  Whbnd = 0.70
[~ No sphere outlining Save |
Frame width, Wirm = 0.50

The topmostboxfi Out put f ioflthe PastSam @ptions window lists the file name including drive and
directory information.

The box fiPostScript typeo includes radio control buttons which decide between graphics file output using
true colors as shown in the graphics window on the screen (button i C o | )@rgray levels representing the
different colors (button fiGrayd). The present choice (defaulted to color PostScript) is shown by a black button
filling the radio control and can be changed by L-clicking the corresponding control.

The box fiFormato includes radio control buttons which allow setting the actual page format of the plot,
fiLands coafpRrdr t.Mteipresent choice (defaulted to landscape format ) is shown by a black button
filling the radio control and can be changed by L-clicking the corresponding control. The page format can
also be modified outside Balsac by editing the PostScript output file, for details see elsewhere.

Note that PostScript file output should be setto fi P o r t if theicarrésponding graphics is inserted into a MS
Word document or a MS Powerpoint presentation.

The box fiOther optionso offers additional features to modify the appearance of a lattice sections or cluster.
The entry

1 fNo. of shadeso (activated only if shaded balls are used to represent atoms) allows to set the
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number Nsh of different shades of a given color used to paint shaded balls. The present value
(defaulted to 15, proven to be sufficient for most applications) is shown inside the box nextto i Ns h
= owhere it can be modified. The nsh value should be increased if higher shading quality is

needed or decreased if only rather small balls are to be drawn. Note that printing time on
PostScript printers increases linearly with nsh and nsh values larger than 30 may exceed the printer
resolution.

1 AOutline bondso preceded by a check box filled with a hook allows to set the width of the black
lines outlining color sticks which connect atom balls. The present value (defaulted to 0.70 in units
of 1/72 inch) is shown inside the text box next to iwWbnd = owhere it can be modified. The wbnd
value should be increased if stronger outlining of bonds is needed. Note that wbnd values
exceeding 5.0 may result in rather irritating drawings.

The line width Wbnd = 0.0 is interpreted as no outliningi n d i c a Nebdndloytlinihgd next t c
an empty check box and a missing text box. L-Clicking the check box opens the text box again

with the default line width and allows further changes. The outline option can also be set inside the

Atom Bonds Window which affects both the display inside the graphics window and PostScript

output.

1 fOutline sphereso preceded by a check box filled with a hook allows to set the width of the black
circles outlining painted atom balls. The present value (defaulted to 0.70 in units of 1/72 inch) is
shown inside the box next to iWsph = owhere it can be modified. The wsph value should be
increased if stronger outlining of atom balls is needed. Note that wsph values exceeding 5.0 may
result in rather irritating drawings.

The line width Wsph = 0.0 is interpreted as no outliningi n di c a Nespheteputlihingd next
to an empty check box and a missing text box. L-Clicking the check box opens the text box again
with the default line width and allows further changes. The outline option can also be set inside the
Shading Window which affects both the display inside the graphics window and PostScript output.

i fiFrame widtho (activated only if the wire frame option is used) allows to set the width of the
black lines forming the rectangular wire frame about the lattice sections or cluster. The present
value (defaulted to 0.50 in units of 1/72 inch) is shown inside the box next to AWfrm = dwhere it can
be modified. Note that wfmr values exceeding 5.0 may result in rather irritating drawings.

Changes (by typing inside the box) are accepted only after L-clicking the iSavedoor i C| o buétan or
any radio button of the window.

L-clicking the i S a vhbaitton of the PostScript options window generates the (encapsulated) PostScipt file
and returns to the graphics window.

L-clicking the fiCancelo button of the PostScript options window returns to the graphics window without
further file output.



#$K+ ni tialization Data in File I nput/ O

The menu entry refers to Latuse and Plot3D format file input and output only where for file output all basic
windows and graphic parameters of the present Balsac session can be included at the end. For file input all
basic parameters stored inside the file can be ignored and overwritten by internal default values.

Basic windows and graphic parameter values read in from file to start a new Balsac/Lattice or Balsac/Cluster
session are used to replace the internal defaults. Therefore, the present option is needed if windows and
graphic parameters of the session, such as color assignments or the size of the graphics window, have been
changed from their default values and need to be used again. The format of the additional parameter set in
input and output files is identical to that of the initialization file and described elsewhere.

If basic parameter values stored in a Latuse and Plot3D format file are wrong or of the wrong format
(examples are output files from Balsac Unix versions) they may lead to strange graphics effects during the
Balsac session or may prevent Balsac to use the corresponding file as input. In these cases the present
option is needed for file input to guarantee reasonable processing.

L-clicking the AiFile |Ad d i ni t enpyafrthasnénu bar of the graphics window activates / deactivates
the option where the present state is indicated by a check sign (asymmetric V) in front of the entry text.

For file output the

1 check sign shows if initialization data are to be included in Latuse and Plot3D format file
output.
1 check sign is absent if no initialization data are to be included in Latuse and Plot3D format file

output and default values of basic windows and graphic parameters are to
be used in subsequent Balsac input of the corresponding files.

For file input the

1 check sign shows that initialization data can be read in from Latuse or Plot3D format files
if they are included in the corresponding files.

9 check sign is absent initialization data are ignored in Latuse or Plot3D format file input and
default values of basic windows and graphic parameters are used in for
the Balsac/Lattice or Balsac/Cluster session.
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#$K+Conf i pmi ©n

Many options of a Balsac session require confirmation before they are applied which can avoid mistakes
by wrong input or unwanted operations. Examples are file names provided for file input and output, overriding
group definitions while constructing a cluster or lattice section. However, confirmations can be also tedious,
in particular, when the same options are used many times in a sequence. The menu entry allows you to
suppress the confirmation requests in many important operations. But be warned: missing confirmations
can produce additional errors which may lead to strange numerical and graphics results. Therefore, this
option is reserved to the experienced Balsac user and should be applied only temporarily.

L-clicking the fiFile | Confirm optiono entry of the menu bar of the graphics window activates / deactivates
the option where the present state is indicated by a check sign (asymmetric V) in front of the entry text.

If the
1 check sign shows (normal Balsac operation) all important options which are critical require
confirmation before they are applied.
1 check signis absent most of the critical options are applied immediately without requiring
confirmation.
#1106

$ Confirm Option
K Confirm Option
* balsach:0000



#SK+E1 | et Pufte Cl s

(Balsac/Lattice sessions only) Selecting the entry fiFile | Sa v e  cadf the file thhenu opens subentries
AW g#ern t z a@wliBri | | ® ui which can @eate gray écale (encapsulated) PostScript
output on external files displaying the present 3-dimensional Wigner-Seitz elementary cell or its
corresponding Brillouin zone (= Wigner-Seitz cell of the reciprocal lattice). The shape and orientation of the
cell drawing is determined by the actual viewing parameters used in the graphics window.

L-clicking the submenu entry fiFile | Save cells | Wigner-Se i t z ordiFile | Save cebls | Brillouin
z 0 n e opens.aeétandard MS Windows file output window to choose an output file name and directory
where i WS c e | | or fB@csedl | .obtlpepr@sent directory is set by default.

After an output file name with postfix i . e pssdélected L-clicking the i S a vbaitton of the file
output window closes the window and opens the cell option window

f#%. Wigner-Seitz cell / Brillouin zone options x|
Help

~ Output file name
C:ABALSAC\MSBALYWersdWWWScell.eps

— Output format
(¢ Cell as wire frame Save |
(" Shaded cell

" Wire frame and shades

Wire frame. shades., and NN
sticks

The topmostboxd Out put f ioflthe cell @gtioe window lists the file name including drive and
directory information.

The box fiOutput formato includes radio control buttons which decide between different layout of the
cell drawing. L-clicking button

T AaCel | as wwilldeaw the caelinas transparent wire frame.

1 fi Shade dwildealvthe cell as a shaded opaque polyhedron where only front polygon
sections are visible.

T AWire frame avilldransthe aetl & & 6haded transparent polyhedron where the
edges are emphasized visually by black lines.

T AWire frame, shadevld@aatheellMdNa shaded transparent polyhedron
where the edges are emphasized visually by black lines and additional sticks point to nearest
neighbor atoms.

L-clicking the i S a vhbaitton of the cell option window generates the PostScript output file and
returns to the graphics window.

L-clicking the fiCancelo button of the cell option window returns to the graphics window without
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further file output.

L-clicking the submenu entry fiFile | Savecells| Basi s d@allowssaving all lattice basis atoms of
a given lattice in a separate Plot3D or XYZ format file for subsequent viewing / analysis as described in detail
elsewhere.



“SK+Saviemtt Baei s

(Balsac/Lattice sessions only) The set of all lattice basis atoms inside the elementary cell of a given
lattice can be saved in separate Plot3D or XYZ format files for subsequent viewing / analysis. This feature is
particularly useful for orientation in complex lattices. Further, it can be used to build supercells of a given
lattice for subsequent slab calculations.

L-clicking the submenu entry fiFile | Save cells | Basis atoms. . apans a standard MS Windows file
output window to choose an output file name and directory where fiBalsac.plto of the present directory is
set by default.

After an output file name with postfix fi plto is selected L-clicking the fi S a vhbaitton of the file output
window closes the window and opens the basis atoms option window

m Elementary cell options ] ﬁj
Help

~ Output file name
C:ABALSAC\MSBAL\Wers4'\Balsac.plt

~Cell type

(¢ Initial ¢ (hkl) transformed i]

Cancel

~ Boundaries

+ Basic + cell + cell
£ cell . edges . bounds

The topmostbox i Out put f ioflthe basi@atom®option window lists the file name including
drive and directory information.

The box fiCell typeo includes radio control buttons which decide between two different types of
elementary cells inside which the basis atoms are placed. L-clicking button

1 Al ni alows saving all atoms inside an octagonal elementary cell spanned by the initial
lattice vectors R1, R2, R3.

T A(hkl ) t r aaflosv$ savingal dtoms inside an octagonal elementary cell spanned by
the netplane adapted lattice vectors R1§ R2§ R36where R1§ R206are inside the xy plane and
define the periodicity of the (hkl) netplane selected with the lattice builder.

The option button next to fiAtoms inside cello allows to translate all basis atoms such that their
coordinates given by

r=x1R1+x2R2+x3R3 or r=x1R16 x2R26 x3R30

are normalized to yield O < xi < 1. The option is set by L-clicking (indicated by a hook inside the
button).

The box fiBoundarieso includes radio control buttons which allow to save additional atoms at cell
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edges and boundaries helping the orientation of the elementary cell. L-clicking button

1 fiBas i cindudes only coordinates of the basis atoms defined in the lattice builder in the
output file.

T A+ cel | inAdudeg aelso all seven periodic equivalents of the first basis atom defining the
edges of the octagonal elementary cell. This allows to obtain an impression of the octagonal
elementary cell in a subsequent Balsac session using the present output file. It can be further
used to construct supercells starting from the present cell output.

T A+ cel | (enahled dnb & the option button MAtoms inside cello is selected) includes, in
addition to the seven periodic equivalents of the first basis atom, also all translational
equivalents of atoms positioned at the faces of the octagonal elementary cell. This gives the
impression of a standard crystallographic unit cell and is needed only for non-primitive crystals.
For primitive crystals (one basis atom only) the option is identicalwithfi+ cel |I. edges o

L-clicking the i S a vbaitton of the basis atoms option window saves the corresponding atom
coordinates in a Plot3D or XYZ format output file and returns to the graphics window.

L-clicking the i C a n chattoof the basis atoms option window returns to the graphics window
without further file output.



#$K+Bui llad t,i cNan o€l uubset er

Any lattice section, nanotube, or cluster may be modified interactively by changing atom positions or
adding/removing atoms. Here the lattice, nanotube, and cluster builder provide basic tools. They are
accessed either at Balsac startup when a particle is built from scratch, see glsewhere or by selecting the
entry fiBuildo of the file menu.

Selecting the entry fiBuildo of the file menu during a Balsac/Lattice session with an existing lattice section
opens three subentries. L-clicking

1 AFile | Build | Bulko
opens the lattice builder in a separate lattice builder window. This shows all basic
parameters needed to define the lattice (lattice type, lattice vectors, lattice basis
vectors, Miller indices fo netplane stacking, section size, etc.) and allows changing.

L-clicking the i Vi s u abluttorziesidle the lattice builder window redraws the lattice
section in the graphics window with the changed lattice parameters.

L-clicking the fiClose0 button inside the lattice builder window finishes the Balsac
session (to be confirmed).

1 fAFile|Build|Layer o
opens the layer builder in a separate layer builder window. This shows all basic
parameters defining rebuilt layers of the lattice section (super lattice geometry, lattice
basis vectors, etc.) and allows changing.

L-clicking the iClearo/ i Adttdndemoves reconstruction of the present / of all
rebuilt layers.

L-clicking the i Vi s u abluttorz redéaws the lattice section in the graphics window
with the changed layer parameters.

L-clicking the fiHide/closeo button inside the layer builder window closes the
window and returns to the graphics window.

1 fFile | Build | Tubed
opens the tube builder in a separate tube builder window. This shows all basic
parameters defining a nanotube built of one or a set of adjacent netplanes of the
present lattice (tube rolling vector, tube length, etc.) and allows changing.

L-clicking the fiClearo button removes the tube definition and returns to the lattice
section defined previously.

L-clicking the i Vi s u abluttorz deafvs the nanotube in the graphics window with the
present tube settings.

L-clicking the fiHide/closeo button inside the tube builder window closes the window
and returns to the graphics window.

Selecting the entry fiBuildo of the file menu during a Balsac/Cluster session with an existing cluster opens
one subentry. L-clicking

9 AFile | Build | Clustero
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opens the cluster builder in a separate cluster builder window. This shows all atom
coordinates and properties of the cluster and allows changing.

L-clicking the i Vi s u abluttorziesidle the cluster builder window redraws the
cluster in the graphics window with the changed cluster parameters.

L-clicking the fiClose0 button inside the cluster builder window finishes the Balsac
session (to be confirmed).



*$k+Transfer to Balsac/ Lattice

(Balsac/Cluster sessions only) L-clickingi L at t i ¢ eopemwadubdmenu with three entries which
allow leaving the session and starting a Balsac/Lattice session. Inside the submenu L-clicking

i fiFle|[Lattice mode | Start from scratch é

starts a Balsac/Lattice session from scratch opening the lattice builder.

The transfer between sessions has to be confirmed by L-clicking the fi Y e ®&uiton of
the message box reading

Cluster coordinates will be lost, continue?
(L-clicking i N oréturns to the Balsac/Cluster session without further action). After
confirmation of the transfer another message box

Backup cluster?
shows asking whether or not the data of the present Balsac/Cluster session should be
saved in a backup file fiBalsac.svco (of Plot3D format) before the transfer.

L-clicking the il Y e duidton performs the backup, i N os&ips backup. After this
Balsac opens the lattice builder.

i fiFile | Lattice mode | File input é 0

opens the standard MS file input window for loading an input file to be used in a
subsequent interactive Balsac/Lattice session where only Latuse format files (names
with postfixes *.lat or balsac.svl (most recent backup)) are meaningful.

The transfer between sessions has to be confirmed by L-clicking the i Y e suiton of
the message box reading

Cluster coordinates will be lost, continue?
(L-clicking i N oréturns to the Balsac/Cluster session without further action). After
confirmation of the transfer another message box

Backup cluster?
shows asking whether or not the data of the present Balsac/Cluster session should be
saved in a backup file fiBalsac.svco (of Plot3D format) before the transfer.

L-clicking the il Y e duidton performs the backup, i N os&ips backup. After this
Balsac opens the file input window.

1 fiFile | Lattice mode | Pass atoms é 0

starts a Balsac/Lattice session opening the graphics window with a lattice section
where a set of cluster atoms defined as a group is assumed to form the elementary
cell of a triclinic-P lattice (with orthogonal lattice vectors about twice the length of the
edges of the group). These data are also included when the lattice builder is opened.

If no group is defined before the session transfer an error message box reading

No cell atoms defined in group

shows returning to the Balsac/Cluster session without further action.

The transfer between sessions has to be confirmed by L-clicking the i Y e suiton of
the message box reading

Cluster coordinates will be lost, continue?

(L-c I i ¢ ki nrgturrs d ¢hé Balsac/Cluster session without further action). After
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confirmation of the transfer another message box

Backup cl ust er?

shows asking whether or not the data of the present Balsac/Cluster session should be
saved in a backup file fiBalsac.svco (of Plot3D format) before the transfer.

L-clicking the it Y e &ubton performs the backup, i N os&ips backup. After this
Balsac opens the graphics window with the corresponding lattice section.

This option is particularly useful when building molecular crystal sections where the
molecules of the elementary cell are built first inside a Balsac/Cluster session and then
passed to a Balsac/Lattice session to complete the crystal.



#$k+Transfer to Balsac/ Cluster

(Balsac/Lattice sessions only) L-clicking AiCluster mo d eopens a submenu with two entries which allow
leaving the session and starting a Balsac/ Cluster session. Inside the submenu L-clicking

i fiFile | Clustermode | Start forom scratch é

starts a Balsac/Cluster session from scratch opening the cluster builder.

The transfer between sessions has to be confirmed by L-clicking the fi Y e ®&uiton of
the message box reading

All  lattice data will be lost, continue?
(L-clicking i N oréturns to the Balsac/Lattice session without further action). After
confirmation of the transfer another message box

Backup lattice ?
shows asking whether or not the data of the present Balsac/Lattice session should be
saved in a backup file fiBalsac.svlo (of Latuse format) before the transfer.

L-clicking the il Y e duidton performs the backup, i N os&ips backup. After this
Balsac opens the cluster builder.

i fiFile | Cluster mode | File input é 0

opens the standard MS file input window for loading an input file to be used in a
subsequent interactive Balsac/Cluster session where only Plot3D or XYZ format files
(names with postfixes *. plt or *.xyz, or balsac.svl (most recent backup)) are
meaningful.

The transfer between sessions has to be confirmed by L-clicking the i Y e suiton of
the message box reading

All lattice data will be lost, continue?
(L-c 1 i ¢ ki nrgturrs d 0hé Balsac/Lattice session without further action). After
confirmation of the transfer another message box

Backup lattice ?
shows asking whether or not the data of the present Balsac/Lattice session should be
saved in a backup file fiBalsac.svlo (of Latuse format) before the transfer.

L-clicking the il Y e dudton performs the backup, i N os&ips backup. After this
Balsac opens the file input window.

1 fiFile | Cluster mode | Pass atoms é 0

starts a Balsac/Cluster session opening the graphics window with a cluster containing
all atoms of the previous lattice section These data are also included when the cluster
builder is opened.

The transfer between sessions has to be confirmed by L-clicking the fi Y e ®uiton of
the message box reading

All  lattice data will be lost, continue?

(L-c I i ¢ ki nrgturs td thé Balsac/ Lattice session without further action). After
confirmation of the transfer another message box

Backup cl ust er?

shows asking whether or not the data of the present Balsac/ Lattice session should be
saved in a backup file fiBalsac.svl0 (of Latuse format) before the transfer.
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L-clicking the fi Y e ®uiton performs the backup, i N oskips backup. After this
Balsac opens the graphics window with the corresponding cluster.

This option is particularly useful when single atoms or groups of atoms inside a
lattice section are to be manipulated. Here the lattice section is first generated inside a
Balsac/Lattice session after which all section atoms are passed to a Balsac/Cluster
session and selected atoms are modified.



#*$k+UndoptQ on

(Balsac/Cluster sessions only) While building or modifying a particle by adding/moving atoms or changing
atom properties the undo option allows to revise the latest building operation and returning to a previous
step of the construction process. This is of particular value if many atoms have been changed
simultaneously in one operation, examples are group operations or imposing symmetry, and the result seems
to be erroneous.

L-clicking the menu entry fiFile | Undoo replaces the present particle by that of the previous construction
step obtained during the present Balsac session. Repeated L-clicking will load particles of earlier construction
steps until all steps are exhausted. After this L-clicking will load particle saved before the most recent
construction step.

The undo option is active by default but can be deactivated by L-clicking the menu entry fiFile | Undo
optiono which switches between the undo settings where the present setting is indicated by a check sign
(asymmetric V) in front of the entry text.

1 check sign shows if the undo option is active.

1 check sign is absent if the undo option is deactevated.

The undo option is available only for the following selected building operations

1 Modify / Add Atom
Add Atom (Relative)

1
1  Apply Symmetry
1  Group Operations, except hide/revive and list

The undo option is based on intermediate file input/output using the temporary directory c:\BALTMP which is
created when Balsac is started for the first time. If this directory cannot be created or does not allow file
handling an error message

Balsac backup/scratch directory (c: \ BALTMBP cannot be created, undo operations disabled

or
Undo directory (c: \ BALTMR 000n) cannot be c r eated, undo operations disabled

where n denotes the session number or
No file output
will appear and the undo option will be unavailable.
The name of the temporary backup/scratch directory (defaulted to c:\BALTMP) can be changed during a

Balsac Cluster session in the backup directory window accessible by L-clicking the menu entry fiSettings
| Initialization | Backup directory0 inside the graphics window, see see elsewhere.

Note that backup/scratch directory with changed names will be saved even after the Balsac session is
finished and can be used in subsequent Balsac cluster sessions. However, the names cannot not be applied
as a new default in subsequent sessions und must be set explicitly.

All intermediate undo files will be deleted after the Balsac session is closed.
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#SK+EXx 1t

L-clicking the menu entry " File | Exit" produces a backup file of the session with its latest parameter
settings, closes all open files, and finishes Balsac returning to the Windows desktop. The same result is
obtained by L-clicking the close button (labeled by "X") at the top right of the graphics window.
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#$K+\VVi eQpti ons

L-clicking the fiViewo entry of the main menu bar at the top of the graphics window opens a list of entries
offering various options to modify the view of a particle, such as view angles, magnification, perspective,
etc. Details of the different options are explained in the following sections.

View Along Axes
View Along Bonds
View Along Plane Normal

Default Views
View Focus
Mouse Drag

Refresh

Extended Re-plot

View Parameter Window
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#SK+\V|i eAV 0 NPAg e S

L-clicking the "View along axes" entry opens a submenu offering views along the main Cartesian
coordinate axes, X, Y, z, in which the atom positions are defined. L-clicking entry

1 AView | View along axes | View -> X0

re-draws the particle of the present session for a view along the positive x axis
(parallel to netplanes of lattice sections in Balsac/Lattice sessions), corresponding to
view angles theta = 90, phi = 90, see Appendix. Here x increases towards the viewer,
y increases to the right of the screen, and z increases upwards.

1 AView | View along axes | View -> Y0

re-draws the particle of the present session for a view along the positive y axis
(parallel to netplanes of lattice sections in Balsac/Lattice sessions), corresponding to
view angles theta = 90, phi = 180, see Appendix. Here x increases to the left of the
screen, y increases towards the viewer, and z increases upwards.

1 fView | View along axes | View -> Z0

re-draws the particle of the present session for a view along the positive z axis
(perpendicular to netplanes of lattice sections in Balsac/Lattice sessions),
corresponding to view angles theta = 0, phi = 0, see Appendix. Here x increases to the
right of the screen, y increases upwards, and z increases towards the viewer.

1 fAView | View along axes | View -> -X0

re-draws the particle of the present session for a view along the negative x axis
(parallel to netplanes of lattice sections in Balsac/Lattice sessions), corresponding to
view angles theta = 90, phi = -90, see Appendix. Here x increases away from the
viewer, y increases to the left of the screen, and z increases upwards.

1 fView | View along axes | View ->-Y0

re-draws the particle of the present session for a view along the negative y axis
(parallel to netplanes of lattice sections in Balsac/Lattice sessions), corresponding to
view angles theta = 90, phi = 0, see Appendix. Here X increases to the right of the
screen, y increases away from the viewer, and z increases upwards.

1 fView | View along axes | View -> -Z0

re-draws the particle of the present session for a view along the negative z axis
(perpendicular to netplanes of lattice sections in Balsac/Lattice sessions),
corresponding to view angles theta = 180, phi = 0, see Appendix. Here x increases to
the right of the screen, y increases downwards, and z increases away from the viewer.

More general view directions can be chosen inside the view parameter window or by mouse drag inside the

graphics window.
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#SK+\VVi eAN omBgp nd s

This option allows setting the view direction parallel to that of the line connecting two atoms A, B.

L-clicking the "View | View along bonds" entry opens the analysis box at the bottom of the graphics
window with the instruction line

View alon gbond AB:L - click 2 diff. atoms A,B; R - click shows

After at least two different atoms A and B have been selected, R-clicking re-draws the patrticle for a view
along the direction vector pointing from atom center A to B. In addition the view focus for perspective view
is set to coincide with atom center A. Corresponding view angles theta, phi and the focus setting, see
Appendix, are updated in the view parameter window.
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This option allows setting the view direction parallel to the normal direction vector of a plane defined by
three atoms A, B, C.

L-clicking the "View | View along plane normal” entry opens the analysis box at the bottom of the graphics
window with the instruction line

View along plane ABC normal: L - click 3 diff. atoms A - C; R - click shows

After at least three different atoms A, B, C have been selected, R-clicking re-draws the particle for a view
along the direction of the normal vector of the plane through atoms A, B, C, calculated as the (normalized)
vector product (AB x BC). In addition the view focus for perspective view is set to coincide with atom center
A. Corresponding view angles theta, phi and the focus setting, see Appendix, are updated in the view
parameter window view parameter window.
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Balsas offers different default settings for viewing a particle which can help to obtain a quick orientation.
L-clicking the menu entry

1 AView | Default view angleso

re-draws the particle of the present session for a view corresponding to default polar,
azimuthal view angles theta = 55, phi = 30, see Appendix. This option can become
useful if extended view rotations lead to visual confusion.

1 fView | Default perspectiveo

re-draws the particle of the present session for a perspective view corresponding to
the default perspective factor value persp = 3 reflecting mild spherical distortion, see
Appendix. This option can become useful if extended view perspectives lead to visual
confusion.

1 fView | Parallel projectiono

re-draws the particle of the present session with a parallel projection view (i.e., using a
perspective parameter value persp = 0), see Appendix. This view allows obtaining a
true scale 2-dimensional plot of a particle for views along the coordinate axes, X, v, z.
For other viewing angles, the particle may look distorted (optically increasing distances
between atoms further away from the viewer) and requires central projection for a
more natural appearance.

1 fAView|Reset focus/shift defaultsbo

re-draws the particle of the present session after setting the view focus to its default,
coinciding with the center of the particle (coordinate average), and resetting the plot
shift vector (sx, sy) = (0, 0) such that subsequent plots are centered about the
graphics window center.

More general view parameter values can be chosen inside the view parameter window.
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The perspective view of a particle uses a view focus, which determines the visual center of the picture. All
view rotations are taken with respect to the view focus. By default, this center coincides (for a shift vector (sx,
sy) = (0, 0) and mono views) with the center of the graphics window. When Balsac is started with a new
particle, a default focus at the center of the particle (coordinate average) is applied. Redefining the view
focus allows emphasizing structural details inside the particle. The location of the view focus is given by a
parameter Focus where

Focus = 0 sets the focus at the center of the particle (coordinate average), and

Focus = n>0 sets the focus at the center of atom n inside the particle.

Focus = -1 sets the focus at a center given by explicit Cartesian coordinates.

The default value is Focus = 0, see Default Views. Atom numbers n > 0 can be obtained with the analysis
option pointing at the respective atom. For input values n > 0 outside the range of existing atoms an error
message will be shown and the view focus will remain unchanged.

There are two different ways to redefine the view focus inside the graphics window:

1 L-clicking entry fiView | Set view focus | Atom center0o opens an analysis box at the bottom of the
graphics window with the instruction line

Set new focus: L - click atom A (center defines focus)

After an atom A has been selected, the particle is re-plotted with atom center A forming the new view
focus.

1 L-clickingentryiVi ew | Set vi ew f océudsopehstheYigw Foous Widdowat es
which allows to define the view focus used in perspective views by explicit Cartesian or predefined
coordinates.

= View focus ) X|
Predefined Help

Coordinates: x-= |3.406000

y= |3-406000

S |—3.4osooo Cancel

Set focus

The window shows the present focus center by its Cartesian coordinates X, y, z inside the
corresponding coordinate input boxes nextto i x  =y&=,0 zfF @where they can be changed by
typing.

If a vector V resulting from a graphical analysis has been saved on the vector stack it can be
retrieved and also used for input. R-clicking the text labels i x =0, f ytothedeftoffhe =0
coordinate input boxes retrieves the stack vector filling all input boxes of the focus position.

Predefined coordinates of the view focus can be set by L-clicking from the option menu
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fiPredefinedo at the top of the window.

Cluster center computes coordinates of the cluster center and inserts corresponding values in
the coordinate boxes redefining the focus position.

Group center computes coordinates of the cluster center and inserts corresponding values in
the coordinate boxes redefining the focus position. Note that this option is enabled
only if a group is presently defined, see Define Group.

From stack retrieves the latest coordinate set from the stack and inserts corresponding values
in the coordinate boxes redefining the focus position. This is equivalent to R-
clicking the coordinate labels as described above. Note that this option is enabled
only if analysis results have been put on the stack previously.

Box center computes coordinates of the center of the rectangular box enclosing the particle
(shown by an optional wire frame in the graphics window) and inserts
corresponding values in the coordinate boxes redefining the focus position.

Origin sets the focus position at (0.0, 0.0, 0.0) of the present coordinate system used to define
the cluster and inserts corresponding values in the coordinate boxes redefining the
focus position.

Note that the definition of a view focus by explicit Cartesian coordinates sets the focus parameter
Focus = -1, see also View Focus.

L-clicking button

1 fSet focuso closes the View Focus Window and redraws the complete particle inside the
graphics window applying the (new) view focus coordinates of the closed window.

1 ACanceld closes the View Focus Window and redraws the complete particle inside the
graphics window ignoring all recent focus changes in the focus window

Note that the view focus definition (except for definitions by explicit Cartesian coordinates) relies on the
internal atom numbering scheme. Thus, if the numbering changes as a result of a changed particle size, the
view focus may have to be reset.

The view focus can also be redefined inside the view parameter window.
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Quasi-continuous variations of the most important view parameters, such as view angles, magnification,
etc., can be obtained after a plot is finished by dragging the mouse inside the graphics window with the left
button pressed (L-drag). During dragging, view changes are indicated by the wire frame about the particle
changing continuously. After the left mouse button is released the atoms of the particle are displayed with the
view geometry resulting from the mouse drag.

The mouse drag menu allows a redefinition of the default mouse drag mode used for fast quasi-continuous
changes of the most important view parameters inside the graphics window. L-clicking

The present default mouse drag mode is shown as an entry "Drag (= MODE)" inthe fi Vi emepu of the
graphics window where

"Drag (= 3-D rot.)" shows if mouse dragging changes view angles theta and phi.
Confirmed by check sign in front of entry "3-dim. rotation" of the mouse drag
menu.

"Drag (= Scale)" shows if mouse dragging changes the plot size of the particle.
Confirmed by check sign in front of "Scale" of the mouse drag menu.

"Drag (= Shift)" shows if mouse dragging moves the plot of the particle inside the graphics
window. Confirmed by check sign in front of "Shift" of the mouse drag menu.

"Drag (= Persp.)" shows if mouse dragging changes the view perspective of the particle.
Confirmed by check sign in front of "Perspective” of the mouse drag menu.

"Drag (= 2-D rot.)" shows if mouse dragging rotates the plot of the particle inside the graphics
window. Confirmed by check sign in front of "Plot rotation” of the mouse drag
menu.

"Drag (= Stereo)" shows if mouse dragging changes the stereo view parameters.
Confirmed by check sign in front of "Stereo settings" of the mouse drag
menu.

Note that this option is available only if stereo double is chosen with the
graphics layout.

L-clicking "Drag (= MODE)" opens the mouse drag menu where L-clicking entry

1 "View | Drag (= MODE) | 3-dim. rotation"
assigns 3-dimensional rotation as the mouse drag default. Here dragging
the mouse upwards (downwards) increases (decreases) the value of view
angle theta, while moving to the right (left) decreases (increases) the value
of view angle phi.

View changes during dragging are shown by the wire frame about the
particle changing continuously. Further, the view parameter variations
show in the title bar of the graphics window as

Theta = theta, Phi = phi"

where theta and phi are the actual view angle values. After the left mouse
button is released the atoms of the particle are displayed with the view
geometry resulting from the mouse drag.
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"View | Drag (= MODE) | Scale"

assigns magnification as the mouse drag default. Here dragging the mouse
upwards (downwards) increases (decreases) the value of the magnification
factor magnf.

View changes during dragging are indicated by view parameter variations
show in the title bar of the graphics window as

Magnification = magnf"

where magnf is the actual value of the magnification factor.

"View | Drag (= MODE) | Shift"

assigns shifting of the plot origin as the mouse drag default. Here dragging
the mouse inside the graphics window moves the plot accordingly.

View changes during dragging are indicated by view parameter variations
show in the title bar of the graphics window as

Plot shift x =sx, y =sy"

where (sx, sy) is the actual value of the shift vector.

"View | Drag (= MODE) | Perspective"

assigns changing the perspective as the mouse drag default. Here
dragging the mouse upwards (downwards) decreases (increases) the value
of the perspective distance persp, which in effect moves the viewer closer or
away from the particle.

View changes during dragging are indicated by view parameter variations
show in the title bar of the graphics window as

Perspective = persp"

where persp is the actual value of the perspective distance.

"View | Drag (= MODE) | Plot rotation”

assigns rotating the picture inside the graphics window as the mouse drag
default. Here dragging the mouse upwards (downwards) increases
(decreases) the value of the rotation angle Phi, which rotates the picture of
the particle clockwise (counter-clockwise).

View changes during dragging are indicated by view parameter variations
show in the title bar of the graphics window as

Plot rotation = Phi"

where Phi is the actual value of the rotation angle.

"View | Drag (= MODE) | Stereo settings"

assigns changing stereo view parameters as the mouse drag default. Here
dragging the mouse upwards (downwards) decreases (increases) the value
of the distortion factor Pu (defaulted to 0.3), while moving to the right (left)
increases (decreases) the value of the stereo shift Deye (defaulted to half
the graphic window width).

View changes during dragging are indicated by view parameter variations
show in the title bar of the graphics window as

Stereo distortion = Pu, Shift = Deye"

where Pu and Deye are the actual values of the distortion factor and stereo
shift. Note that this option is available only if stereo double is chosen with the



graphics layout.

In addition to the default drag mode, any of the above view parameters can be changed quasi-continuously
by mouse dragging together with pressing a combination of alt, ctrl, or shift keys where

L-Drag changes view parameters according to the above default mode.
L-Drag + [alt] changes view angles theta and phi.

L-Drag + [ctrl] changes the picture size.

L-Drag + [shift] changes the picture position.

L-Drag + [ctrl] + [shift] changes the view perspective.

L-Drag + [ctrl] + [alt] rotates the picture.

L-Drag + [shift] + [alt] changes the stereo view parameters. Note that this option is

available only if stereo double is chosen with the graphics layout.

L-clicking "Drag speed (fac)" allows to change the sensitivity of the mouse move during dragging where
L-clicking entry

1 "View | Drag speed (fac) | Increase"
increases the sensitivity of the mouse move during dragging (multiply fac
by 1.41). The actual value of the sensitivity factor fac is shown with the menu
entry in the View menu.

1 "View | Drag speed (fac) | Decrease"
decreases the sensitivity of the mouse move during dragging (divide fac
by 1.41). The actual value of the sensitivity factor fac is shown with the menu
entry in the View menu.

Changing the sensitivity factor fac changes the parameter variations of all mouse drag actions accordingly.
For the default value fac = 1 the drag range (moving the mouse from top to bottom or from left to right limit
of the graphics window) corresponds to parameter variations described in the following table

drag option drag type parameter  variation increment
"3-dim. rotation" vertical theta 0-45 additive
horizontal phi 0-90 additive
"Scale" vertical magnf 1-85 multiplicative
"Perspective" vertical persp 1-30 multiplicative
"Plot rotation" vertical Phi 0-90 additive
"Shift" horizontal SX 0-Lwinx  additive
vertical sy 0 - Lwiny  additive
"Stereo settings"  vertical Pu 0-1 additive
horizontal Deye 0 - Lwinx  additive

Note that quasi-continuous variations of the view parameters by mouse dragging are not available if the

visualizer is in analysis mode.
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The i Vi emedu offers different options to re-draw the picture of a particle. L-clicking

1 "View | Re-plot only"

simply re-plots the present particle. With this option the atom coordinates of the particle are
not calculated from scratch. In particular, atoms generated as a result of random population
of atom sites remain at the same sites.

Note that in some cases refreshing the graphics window contents instead of re-plotting may
be preferable because refreshing is instantaneous as opposed to re-plotting which may take
some time depending on the particle size.

1 "View | Disorder + re-plot"

re-calculates all atom coordinates and re-plots the particle. This option becomes
important if some of the atom sites are randomly populated (with a population probability <
1). Because the coordinate calculation always starts with a new seed of the population
generator, the population of specific sites changes between plots. Therefore, the (repeated)
use of the present option can help to generate reasonable structure graphics in the case of
particles with disordered layers.

For particles, where all atom sites are populated, this option yields graphics identical with the
ARpl otdo entry above.

#1.1035

$ ExtendedRe-plot
K ExtendedRe-plot

* balsach:0000



#8K+Ani matwW o ow

Basic definitions of animations inside Balsac are given elsewhere.

L-clicking the AAnimationo entry of the fiViewd menu at the top of the graphics window opens the
animation window and allows defining parameters of animated views of the particle, such as

ranges of view angles, magnification, or perspective. Further, groups of atoms inside a cluster can be
animated by shifting, rotation, scaling and stretching. In addition, file output of all animation snapshots using
different formats allows generating sequences of pictures to be used for presentation purposes outside
Balsac. Examples are animated views with Balsac pictures imported in MS Powerpoint presentations or
linked with html format web pages. Finally, sequences of Balsac input files can be viewed as animations with
or without view parameter variation. The animation window contains four parts,

1 thetop partinsidethe i Vi e ws 0 sHowsdhmpresent settings of ranges of five parameters
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