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# $ K + General Information 
 

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 
of Balsac can also be compiled and run on Macintosh PCôs with OS X or later. 

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

Max-Planck-Innovation GmbH 
Amalienstr. 33, 80799 München (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://www.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 

ñ[Ref] Balsac visualization and analysis software, Version 4, by K. Hermann (FHI), Berlin, 2018; 
see also http://www.fhi-berlin.mpg.de/KHsoftware/Balsac/index.htmlò. 

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 + 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. 

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/Lattice 

Features of Balsac/Cluster 

                                                           
# L0110 
$ Balsac Program Features 
K Balsac Program Features 
+ balsach:0000 



# $ K + Features of Balsac/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 l). For fcc and bcc type lattices (h k l) 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 l) and (l 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 

¶ quickly explore a variety of bulk structures and terminations, both qualitatively and quantitatively. 

¶ 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, 

o spherical crystal sections describing clusters, 

o spherical cavities inside crystals. 

¶ inspect and analyze local geometries and symmetries of any (h k l) 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). 



# $ K + Features of Balsac/Cluster 
 
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 

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

o 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 

o particles, 

o interface sections. 

¶ explore possible atom clusters for structure determinations; 

¶ evaluate structural relationships qualitatively and quantitatively: bonding, interatomic distances, 
bond angles, atomic coordinates, etc; 
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¶ 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 + Installation and Setup 
 
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 + Windows Systems 
 
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 Requirements 

Installation 
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# $ K + System Requirements (Windows) 
 
Running the Balsac program requires a PC running MS Windows. The system requirements are 

¶ 512 Mb installed memory free for running Balsac 

¶ 150 MB free hard disk space (15 MB for the installation) 

¶ MS Windows XP (SP3), Vista, 7, 8, or later operating system 
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# $ K + Installation (Windows) 
 
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. 

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. 

3. Install the Compaq fortran runtime libraries by running VFRUN660I.exe in directory $Balsac. 

4. 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 (WinHlp32.exe) with 
MS Windows 7 and later by default. The absence of inHlp32.exe in your PC will make the old Balsac 
help option unavailable. However, WinHlp32.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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¶ from the Windows file explorer:  
Double-click at the corresponding input file of the listing, ñ*.latò, ñ*.pltò, ñ*.xyzò, ñBalsac.svlò, or 
ñBalsac.svcò or double-click at the Balsac executable to run from scratch. 

¶ 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. 

¶ from the Windows command line:  
Choose "Start | Run..." from the taskbar; then type "\$Balsac\Balsac4 \$dir\infile" 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. 



# $ K + Unix / Linux 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 Requirements (Unix/Linux) 

Installation (Unix/Linux) 
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# $ K + System Requirements (Unix/Linux) 
 
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 

¶ 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 

¶ (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) 

¶ C include files: Xlib.h, Xutil.h, stdio.h, termios.h 

¶ (optional) PostScript viewer utility, e. g. ghostview, for graphical structure output 
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# $ K + Installation (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.g. 

> 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.1st last messages and installation, 

balsac2.doc manual, 

*.f , *.c 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, AIX 3.1 or later, 
 
osf for DEC Alpha systems, OSF/1 V3.0 or later, 
 
tru64 for Compaq 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, 
 
solaris1 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 

ñ cc -O -c -Iincludedir all.c ò 

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. 

ñ f77 balsac2.f all_.o  -o balsac2.exe   localdir/libX11.a ñ 

ñ f77 tstcol2.f all_.o  -o tstcol2.exe   localdir/libX11.a ñ 

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/man1 (consult your system administrator for the local name of the 
directory), by 

> mv *.1 /usr/man/man1 

 

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/BALSAC2 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 hlpfile=balsac2.hlp   

unset inilink   

unset hlplink   

  

if (! - f $inifile) then   

        # no ini file in calling directory, make a symbolic link to default   

  

        ln - s $files/$inifile $inifile   

        set inilink   

endif   

  

if (! - f $hlpfile) then   



        # no help file in calling directory, make a symbolic link to default   

  

        ln - s $files/$hlpfile $hlpfile   

        set hlplink   

endif   

  

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

  

# remove previously defined soft links   

  

if ($?inilink) rm $inifile   

if ($?hlplink) rm $hlpfile   

  

exit   

---- file balsac2.scr end -------------------------------------------------- 



# $ K + Tutorial 
 
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 ñDetailed Operationsò. 

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 ñ$Balsacò for the Balsac system directory and ñ$dirò for 
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) 

¶ from the Windows file explorer: 
D-click at the corresponding input file of the listing, ñ*.latò, ñ*.pltò, ñ*.xyzò, ñBalsac.svlò, or ñBalsac.svcò. 
(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. 

¶ 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. 

¶ from the Command Prompt Window (DOS box): 
open the Command Prompt Window (DOS box) inside MS Windows. Move to the directory where 
input files, *.lat, *.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 

 

from which you can choose between 

¶ running a Balsac/Lattice session for building and studying periodic crystal particles (L-click the 
ñBuildò button inside the Lattice frame), 

¶ running a Balsac/Cluster session, used for building and studying atom clusters (L-click the ñBuildò 
button inside the Cluster frame), 

¶ 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-click the ñFile Inputò button inside startup window). 

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

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



# $ K + Interactive 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, 

¶ Balsac/Lattice where periodic arrangements of atoms (sections of crystals, surfaces) can be built 
and studied and 

¶ 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. 

¶ 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. 

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

¶ 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). 
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# $ K + Balsac/Lattice Session from Scratch 
 
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.) 

 

 

 

After you have L-clicked the ñBuildò button inside the Lattice frame the window of the lattice builder 
opens.  
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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 chooser ñLattice type :ò (at its black 
triangle to the right) and select ñZincblende(2 x fcc)ò from the menu and confirm your selection by L-clicking 
the ñYesò button inside the warning window ñNew lattice type éò which has appeared. Inside the lattice 
constant field ña =ò you could redefine the value by L-clicking at the field and typing an appropriate number. 
However, at first you are not interested in numerical results but only in the structural details of the lattice. So 
you use the default value ñ1.0ò shown in the lattice constant field. This defines the lattice constant as one unit 
length (whatever "unit" means; in typical applications you will deal with Angstrom units but feel free to use 
those of your preference). 

Balsac will construct a finite section of your crystal (Zincblende at present) consisting of a stack of lattice 
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 you click inside the ñStacking 



(Miller indices)ò area at each of the three fields ñh =ò,ñk =ò,ñl =ò of the ñsc notationò and type the value ñ1ò. 
(Actually, the field ñl =ò contains the value ñ1ò by default and does not need to be changed.) 

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 
each netplane and type the values ñ6ò, ñ8ò inside the fields ñPlanar N1ò and ñPlanar N2ò, respectively. (The 
default values ñ5, 5ò where smaller.) Now you have to decide how many netplanes you want to include and 
settle at five netplanes by typing the value ñ5ò inside the field ñLayers N3ò. 

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 crystal block inside the ñInitial (1-n)ò field of the ñSectionò area 
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 second later) and type the value ñ1ò in the ñInitial (1-2)ò 
field. 

Now you are ready to visualize the lattice section for the first time. After you L-click the ñVisualizeò button a 
graphics window opens with the picture shown below. 

 

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 
ñZnò and ñSò inside small blue 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 option bar ñFile   View     Atoms   éò from which you can choose varions options by L-clicking 
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. (ñL-Draggingò means moving the mouse 
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 

¶ 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. 

¶ 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. 

There are special viewing directions which you can choose by L-clicking the keyword ñViewò of the option 
bar at the top of the graphics window. This opens a list of options which you can select from. L-click for 
example the line ñView along axesò which opens a submenu of six entries. L-clicking line ñView -> zò 
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 option bar (except ñRe-plotò and ñRefreshò) opens a list with option lines where L-clicking a 
line allows you to select an option. Lines with a black triangle to the right (for example ñView along axesò of 
the ñViewò menu) open further option submenus while a line with three dots at the end (for example ñView 
parameter menu éò of the ñViewò menu) opens a separate input window. In the following we will use a 
shorthand writing for choosing options from the option bar where ñA | B | Cò means ñL-click keyword A from 
the option bar followed by L-clicking option line B followed by L-clicking option C from submenu Bò. An 
example is ñSettings | Layout | Drawing modeò. Another example is ñView | View along axis | View -> xò 
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 ñSettings | Colors/painting | Painting | Layers differò which redraws the lattice section with 
different colors for the five different layers. This is also indicated by the legend at the top left showing layer 
indices ñ1ò to ñ5ò inside small color filled rectangles. You can go back to element painting by selecting 
ñSettings | Colors/painting | Painting | Elements differò. 

Let us produce a fancier plot of the lattice section by 

¶ going back to element painting by selecting ñColors/painting | Painting | Elements differò, 

¶ showing the atoms as brilliant shaded balls by selecting ñAtoms | Atom design | Brilliant ballsò, 

¶ reducing all atom radii to 70% of their default setting (atom ball radii element dependent and scaled 
to maximum space filling) by selecting ñAtoms | Atom radii | All radii (rel) éò. This opens a small 
Radii window with a field labeled ñScale factor :ò. L-click inside the field and type ñ0.7ò replacing the 
default setting ñ1.0ò. Then L-click the ñVisualizeò button to update the graphics followed by L-
clicking the ñCloseò button of the Radii window to return to the graphics window. 



¶ introducing atom bond sticks beween Zn and S atoms by selecting ñSettings | Atom bonds | 
Global bondsò. This 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 ñRe-plotò to see the result 
shown below. 

 

For later use let us save the structure data of the present lattice section in a file called ñmyZnS.latò. To do 
this select from the option bar ñFile | Save as éò. This opens a standard MS Windows output file window 
and lets you choose an output file name and directory. Type the above name ñmyZnS.latò in the name field 
and select the Latuse (*.lat) format for output. Then L-clicking the ñSaveò button 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 ñSaveò button 
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 ñSettings | Layout | Drawing mode | Layer-by-layerò. Alternatively, you can build each 
atom of the lattice section separately (Single atoms mode) by selecting ñSettings | Layout | Drawing mode | 
Single atomsò. 

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, ñLayer # 2?ò (or ñContinueò) and ñFinishò. If you L-click 

¶ ñLayer # 2?ò then Balsac sketches all atoms of the second netplane section and the option bar 
shows the keywords, ñLayer # 3?ò (or ñContinueò) and ñFinishò. This continues until the topmost (5th) 
netplane section shows and the plot is finished by closing the wire frame. 

¶ ñFinishò 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 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 between two keywords, ñAtom # 2?ò (or ñContinueò) and ñFinishò. If you L-click 

¶ ñAtom # 2?ò then Balsac sketches the second atom of the section and the option bar shows the 
keywords, ñAtom # 3?ò (or ñContinueò) and ñFinishò. This continues until all atoms of the lattice 
section are shown and the plot is finished by closing the wire frame. 

¶ ñFinishò 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 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, ñContinueò and ñFinishò . If you L-click 

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

¶ ñFinishò 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-click ñRe-plotò) until 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 the index of the starting netplane from ñ1ò to ñ2ò. This is achieved by selecting from 
the option bar ñFile | Build | Bulkò which opens the window of the lattice builder which you saw already when 
you started to build the ZnS lattice section from scratch. In this window you L-click the input field next to 
ñInitial (1-n)ò of the ñSectionò area and change the index number from ñ1ò to ñ2ò. Then L-clicking the 
ñVisualizeò button 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. This is possible by selecting from the option bar ñFile | Build | Bulkò which opens the 
window of the lattice builder again. Here you change the Miller index the fields next to ñsc notationò, labeled 
ñh =ò, ñk =ò, and ñl =ò in ñ0ò, ñ0ò, and ñ1ò. Then L-clicking the ñVisualizeò button of the window opens 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 option bar ñAtoms | List atoms éò which opens a separate window listing all atom 
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 from the option bar ñFile | Open éò. This opens a standard MS 
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 session by selecting from the option bar ñFile | Exitò 
which closes Balsac without any further confirmation. 

If the autobackup option is activated then closing the session produces a backup file named ñbalsac.svlò 
with all structure data and graphics settings in the file directory where you were working. You can inspect the 
present setting of the autobackup option by selecting from the option bar ñFileò which shows a line 
ñAutobackupò. This line starts 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 
ñGet Backupò button inside the Lattice frame of the Balsac startup window. This moves immediately to the 
graphics window of the Lattice session. 



# $ K + Balsac/Cluster Session from Scratch 
 
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.) 

 

After you have L-clicked the ñBuildò button inside the Cluster frame the window of the cluster builder 
opens. 
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This asks you for a title (up to 60 characters) to describe the system. So you click inside the field next to 
ñTitleò and type ñ"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 builder next to ñr(i) =ò shows already one dummy atom (# 1), which you can 
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 ñZnuc =ò opens a periodic table where you L-click the ñNiò button which closes the table window 
and shows ñ28ò as the nuclear charge. (You could also have typed ñ28ò directly inside the nuclear charge 
field.) Since you do not have values of atomic radii at hand you decide to use the internal default ñ0.3ò which 
shows in the field next to ñRadius =ò. Now you confirm your input by L-clicking the ñApplyò button which 
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 ñAddò button which opens the atom input window again and allows 
you to define the second atom by typing 

x =  ñ2.1651ò, y =  ò2.1651ò, z =  ò2.1651ò, Radius =  0.3, Znuc =  6 (C) 



in the corresponding fields which you confirm by L-clicking the ñApplyò button. 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 

x =  ñ-2.1651ò, y =  ò-2.1651ò, z =  ò2.1651ò, Radius =  0.3 Znuc =  6 (C) 

x =  ñ-2.1651ò, y =  ò2.1651ò, z =  ò-2.1651ò, Radius =  0.3, Znuc =  6 (C) 

x =  ñ2.1651ò, y =  ò-2.1651ò, z =  ò-2.1651ò, Radius =  0.3, Znuc =  6 (C) 

x =  ñ3.4064ò, y =  ò3.4064ò, z =  ò3.4064ò, Radius =  0.3, Znuc =  8 (O) 

x =  ñ-3.4064ò, y =  ò-3.4064ò, z =  ò3.4064ò, Radius =  0.3, Znuc =  8 (O) 

x =  ñ-3.4064ò, y =  ò3.4064ò, z =  ò-3.4064ò, Radius =  0.3, Znuc =  8 (O) 

x =  ñ 3.4064ò, y =  ò-3.4064ò, z =  ò-3.4064ò, Radius =  0.3, Znuc =  8 (O) 

successively until the molecule is complete and you close the atom input window by L-clicking the ñCloseò 
button. Now you assign (scaled) covalent radii to all atoms by L-clicking the button ñCovalentò at the 
bottom right of the coordinate field which sets the radii 

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

Now you are ready to visualize the molecule for the first time. After you L-click the ñVisualizeò button a 
graphics window opens with the picture shown below. 

 

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 left showing ñNiò, ñCò, and ñOò inside small blue, 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 option bar ñFile   View     Atoms   éò from which you can choose 
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 



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 sideways. (ñL-Draggingò means moving the mouse 
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 

¶ 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. 

¶ 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. 

Next you remove the wire frame about the molecule by L-clicking the keyword ñSettingsò 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 
ñLayoutò which opens a submenu of six entries. The line ñWire frameò shows a hook 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 option bar (except ñRe-plotò and ñRefreshò) opens a list with option lines where L-clicking a 
line allows you to select an option. Lines with a black triangle to the right (for example ñView along axesò of 
the ñViewò menu) open further option submenus while a line with three dots at the end (for example ñView 
parameter menu éò of the ñViewò menu) opens a separate input window. In the following we will use a 
shorthand writing for choosing options from the option bar where ñA | B | Cò means ñL-click keyword A from 
the option bar followed by L-clicking option line B followed by L-clicking option C from submenu Bò. An 
example is ñSettings | Layout | Wire frameò which redraws the molecule with/without the wire frame. 

Let us produce a fancier plot of the molecule by 

¶ showing the atoms as brilliant shaded balls by selecting ñAtoms | Atom design | Brilliant ballsò, 

¶ reducing all atom radii to 70% of their previous setting (scaled covalent radii) by selecting ñAtoms | 
Atom radii | All radii (rel) éò. This opens a small Radii window with a field labeled ñScale factor :ò. L-
click inside the field and type ñ0.7ò replacing the default setting ñ1.0ò. Then L-click the ñVisualizeò 
button to update the graphics followed by L-clicking the ñCloseò button of the Radii window to 
return to the graphics window. 

¶ labeling all atoms by their element name by selecting ñSettings | Layout | Atom labels | element 
namesò. 

¶ removing the wire frame about the molecule (if it has not been removed above) by selecting 
ñSettings | Layout | Wire frameò. 



¶ introducing atom bond sticks Ni - C and C - O by selecting ñSettings | Atom bonds | Global 
bondsò. This 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 ñRe-plotò to see the result 
shown below. 

 

For later use let us save the structure data of the present molecule in a file called ñmyNiCO4.pltò. To do 
this select from the option bar ñFile | Save as éò. This opens a standard MS Windows output file window 
and lets you choose an output file name and directory. Type the above name ñmyNiCO4.pltò in the name field 



and select the Plot3D (*.plt) format for output. Then L-clicking the ñSaveò button closes the file window and 
asks you to confirm the file name. If you click the ñYesò button 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, ñContinueò and ñFinishò. If you L-click 

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

¶ ñFinishò 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-click ñRe-plotò) until 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 ñAtoms | List atoms éò which opens a separate window listing all atom 
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 
ñBuildò button inside the Cluster frame of the Balsac startup window which opens the window of the cluster 
builder. Here you type a new title, e. g. ñNi(CO)4 molecule rebuiltò in the title field, include coordinates of only 
the three atoms 

x =  ñ0.0ò, y =  ò 0.0ò, z =  ò 0.0ò, Radius =  0.3, Znuc =  28 (Ni) 

x =  ñ2.1651ò, y =  ò2.1651ò, z =  ò2.1651ò, Radius =  0.3, Znuc =  6 (C) 

x =  ñ3.4064ò, y =  ò3.4064ò, z =  ò3.4064ò, Radius =  0.3, Znuc =  8 (O) 

as described above, and assign (scaled) covalent radii to all atoms by L-clicking the button ñCovalentò at 
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 ñVisualizeò button. You 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 selecting ñFile | Backupò. 

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 selecting ñAtoms | Apply symmetry éò. This opens the symmetry window where you  

¶ L-click the ñRotoreflection (Sn)ò button inside the ñOperationsò frame and  

¶ type the order ñ4ò of the rotoreflection axis inside the field next to ñOrder =ò.  

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 ñApplyò button 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 ñFile | Get cluster backup éò. Now you can 
get to Ni(CO)4 by two subsequent symmetry operations, 

¶ a 4-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. 



¶ 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 selecting ñAtoms | Apply symmetry éò. 
This opens the symmetry window where you  

¶ L-click the ñRotation (Cn)ò button inside the ñOperationsò frame and  

¶ type the order ñ4ò of the rotation axis inside the field next to ñOrder =ò.  

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 ñApplyò button 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 selecting ñGroups | 
Define | Selected atomsò. 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 symmetry to all atoms of the group by selecting ñgroups | Operations | Mirrorò. 
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 ñMirrorò button after 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 selecting ñAnalyis | Symmetry 
analysisò. After this 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 ñCloseò button of the symmetry window  

You can also study different molecules of the example structure files provided with the Balsac package in 
directory \$Balsac\Examples. Select from the option bar ñFile | Open éò. This opens a standard MS 
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 session by selecting from the option bar ñFile | Exitò 
which closes Balsac without any further confirmation. 

If the autobackup option is activated then closing the session produces a backup file named ñbalsac.svcò 
with all structure data and graphics settings in the file directory where you were working. You can inspect the 
present setting of the autobackup option by selecting from the option bar ñFileò which shows a line 
ñAutobackupò. This line starts with a hook if autobackup is activated. If not, you can L-click the line to 
activate the option. 

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



# $ K + Interactive Help 
 
Balsac comes with a extensive interactive help features where 

¶ the Balsac manual (which you are reading at present) is available by selecting ñHelp | Contentsò 
from the option bar at the top of each window. 

¶ selected chapters of the Balsac manual which apply to the active window in which you are working 
is available by selecting ñHelp | This Windowò from the option bar of that window. 

¶ 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. 
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# $ K + Analyze Structure Details 
 
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 
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# $ K + Mouse Analysis, Balsac/Lattice Session 
 
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 ñmyZnS.latò which you have created earlier. This is 
achieved for example by starting Balsac from scratch and L-clicking the ñFile Inputò button which opens 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 donôt find the 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 
selected ñAnalysis | Distances/vectorsò an analysis line field opens at the 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 ñAnalysis | Atom neighbor 
shellsò 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 ñAnalysis | xxxò options 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 + Mouse Analysis, Balsac/Cluster Session 
 
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 ñmyNiCO4.pltò which you have created earlier. This is 
achieved for example by starting Balsac from scratch and L-clicking the ñFile Inputò button which opens 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 donôt find the 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 ñAnalysis | Bond angles | Connected bonds AB, BCò 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 ï Ni ï C triple which is confirmed by analysis lines 
reading for example 

1(3): C atom( 8 / 0/ 0 ) xyz,r= ( - 2.165000 2.165000 2.165000), 0.914885  

2(3): Ni atom( 1 / 0 / 0) xyz,r= ( 0.000000 0.000000 0.000000), 1.547001  

3(3): C atom( 7 / 0 / 0) xyz,r= ( 2.165000 - 2.165000 2.165000), 0.914885  

Now you measure the C ï Ni ï 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 ñAnalysis | xxxò options 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 + Save Structure Data 
 
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, ñStacknn.latò for Balsac/Lattice and ñStacknn.pltò for 
Balsac/Cluster sessions with index nn = 1, 2, é . Stack files are kept in your working directory 
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, 
ñBalsac.svlò for Balsac/Lattice and ñBalsac.svcò 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 ñGet Backupò). However, 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. 
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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  ñFile | Saveò 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, will be defaulted to ñBalsac.extò (ext = ñlatò or ñpltò) 
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 ñSaveò button 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-clicking the  ñFile | Save as éò 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, next to ñSave as type:ò where L-clicking at the black 
triangle to the right opens a menu from which you can choose (with L-click) the correct format. Selecting 

¶ 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. 

¶ 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. 

¶ 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. 

¶ 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. 

¶ 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 
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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 naming convention where each file name finishes with a 4-
character postfix ñ.xxxò characterizing the file format, for example, ñ.latò for Latuse format files. The formats 
described above come with postfixes 

¶ ñ.latò for Latuse format (output from Lattice and Cluster sessions, input to Lattice 
sessions), 

¶ ñ.pltò for Plot3D format (output from Lattice and Cluster sessions, input to Cluster 
sessions), 

¶ ñ.xyzò for XYZ format (output from Lattice and Cluster sessions, input to Cluster 
sessions), 

¶ ñ.stbò 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 that you have selected. So a filename ñmytestò with the Plot3D format selected will be converted to 
ñmytest.pltò 

After you L-click the ñSaveò button 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 selecting ñOpen é | ffnnò from the option bar where ffnn is the 
corresponding file name. 



# $ K + Save Graphics Data 
 
You can save graphics data in external files for printing or presentation purposes using two different file 
formats. 

L-clicking the  ñFile | Save image éò 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, next to ñSave as type:ò where L-clicking at the 
black triangle to the right opens a menu from which you can choose (with L-click) the correct format. 
Selecting 

¶ 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. 

¶ 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 naming convention where each file name finishes with a 4-
character postfix ñ.xxxò characterizing the file format, for example, ñ.epsò for PostScript format files. The 
formats described above come with postfixes 

¶  ñ.epsò, ñ.psò for (encapsulated) PostScript format (output from Lattice and Cluster sessions), 

¶ ñ.bmpò 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 filename ñmytestò with the Bitmap format selected will be converted to 
ñmytest.bmpò 

After you L-click the ñSaveò button 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. 
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# $ K + Output on File Stack (Quicksave) 
 
You can quickly save structure data in external stack files of your working directory for later retrieval by 
selecting ñFile | Save on stackò from the option bar of the graphics window. The stack files have standard 
names, ñStacknn.latò (of Latuse format) for Balsac/Lattice and ñStacknn.pltò (of Plot3D format) for 
Balsac/Cluster sessions where index nn = 1, 2, é numbers the files in their save sequence. 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 selecting ñOpen é | ffnnò 
from the option bar where ffnn is the corresponding file name. 
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# $ K + Backup File Output 
 
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) to the left of the line ñAutobackupò in the file 
menu) but can be deactivated (and activated again) by selecting ñFile | Autobackupò from the option bar of 
the graphics window. In addition, you can force backup by selecting ñFile | Backupò. 

Backup files have standard names, ñBalsac.svlò (of Latuse format) for Balsac/Lattice and ñBalsac.svcò (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 ñGet 
Backupò button inside the Lattice or Cluster frame. Further, you can restore a previously saved session 
inside Balsac by selecting ñFile | Get lattice backupò (Lattice session) or ñFile | Get cluster backupò 
(Cluster session) from the option bar of the graphics window. 
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# $ K + Intermediate 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. 

                                                           
# L0313 
$ Intermediate File Output 
K Intermediate File Output 
+ balsach:0000 



# $ K + Start Balsac with File Input  

 
After you have run a Balsac session and saved a structure file (named ñfile.extò for now where ñextò can stand 
for ñlatò, ñpltò, ñxyzò, ñsvlò, or ñsvcò, see file formats) you can use the file for input to a subsequent Balsac 
session in different ways 

¶ from the Windows file explorer: 
D-click at the corresponding input file of the listing, ñ*.latò, ñ*.pltò, ñ*.xyzò, ñBalsac.svlò, ñBalsac.svcò. 
(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 the ñFile inputò button of the 
startup menu. 

¶ 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. 

¶ 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. 

¶ after starting Balsac from scratch you L-click the ñInput fileò button of the startup 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, 
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# $ K + Move Between Lattice and Cluster Sessions 
 
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 

¶ 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), 

¶ 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 

¶ ñFile | Cluster mode | Pass atomsò. 
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.  

¶ ñFile | Cluster mode | Start from scratch éò 
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 

¶ ñFile | Lattice mode | Pass atomsò. 
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 selecting ñGroups | Define | Selected 
atomsò. 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. 
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Now you can continue with selecting ñFile | Lattice mode | Pass atomsò 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 
ñTriclinic-Pò (with ñOrthorhombic-Pò settings) and the lattice basis consists of the atoms that you 
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-click ñVisualizeò). 

¶  ñFile | Lattice mode | Start from scratch éò 
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 + Detailed 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/output. 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 
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# $ K + Startup 
 
Starting Balsac from scratch opens the startup window 

 

with a menu bar at the top of the window (under the title bar ñBalsac Version 4.xò) and different option 
buttons inside the window. 

From the menu bar L-clicking 

¶ ñFileò opens a file input menu for starting Balsac with external input files or to exit Balsac 
altogether. 

¶ ñInteractive starts an interactive session from scratch, either Balsac/Lattice or Balsac/Cluster. 
These options are identical to those of the ñBuildò buttons below. 

¶ ñHelpò opens the help menu for inspecting the complete manual or for obtaining specific 
help in the present context. 

Inside the startup window there are two option frames, labeled ñLatticeò and ñClusterò where L-clicking 
the 

¶ ñBuildò button inside the ñLatticeò frame 
starts an interactive Balsac/Lattice session from scratch. This is identical to the 
ñBuild latticeò option of the ñInteractiveò menu. 

¶ ñGet backupò button inside the ñLatticeò frame 
resumes a previous interactive Balsac/Lattice session where upon finishing (or by 
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explicit backup) all lattice and graphics details have been saved in a backup file 
named ñbalsac.svlò of the working directory. This is identical to the ñGet lattice 
backupò option of the file input menu. 

¶ ñBuildò button inside the ñClusterò frame 
starts an interactive Balsac/Cluster session from scratch. This is identical to the 
ñBuild clusterò option of the ñInteractiveò menu. 

¶ ñGet backupò button inside the ñClusterò 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 
named ñbalsac.svcò of the working directory. This is identical to the ñGet cluster 
backupò option of the file input menu. 

Further, L-clicking the 

¶ ñFile inputò button 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 the ñOpen éò option of the file input menu. 

¶ ñExitò button at the bottom right 
exits Balsac immediately. 



# $ K + File Input Options 
 
L-clicking the ñFileò entry of the menu bar of the Balsac startup window opens a submenu with entries 
(select by L-click) 

¶ ñFile | Open éò 
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, 

All other file formats will be rejected and Balsac will be terminated. 

This option is identical to L-clicking the ñFile inputò button of the startup window. 

¶  ñFile | Get lattice backupò 
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 
ñbalsac.svlò of the working directory. 

This option is identical to L-clicking the ñGet backupò button inside the ñLatticeò 
frame of the startup window. 

¶ ñFile | Get cluster backupò 
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 
ñbalsac.svcò of the working directory. 

This option is identical to L-clicking the ñGet backupò button inside the ñClusterò 
frame of the startup window. 

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

¶ ñFile | Exitò 
finishes Balsac without any further action. 
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# $ K + Interactive Sessions 
 
L-clicking the ñInteractiveò entry of the menu bar of the Balsac startup window opens a submenu with 
entries 

¶ ñBuild latticeò 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 ñBuildò button inside the 
ñLatticeò frame of the startup window. 

¶ ñBuild clusterò 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 ñBuildò button inside the 
ñClusterò frame of the startup window. 
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# $ K + Getting Help 
 
L-clicking the ñHelpò entry of the menu bar of the Balsac startup window opens a submenu with entries 

¶ ñThis windowò 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. 

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

¶ ñAbout Balsacò opens the Balsac help window with details of the software including 
developers information. 

 

The ñHelpò entry of the menu bar is available in all Balsac windows showing the above entries with identical 
meaning. 
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# $ K + Graphics Window 
 
The graphics window forms the central part of Balsac and shows the actual lattice section or cluster (called 
ñparticleò in the following). 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. 

 

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. 
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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 

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

where the ñGroupsò menu shows 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 + File Input/Output, Details 
 
L-clicking the ñFileò entry of 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 
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# $ K + File Input 
 
The File input menu allows starting a Balsac session with a predefined structure of a particle to be 
examined. L-clicking the  

¶ ñFile | Open ..ò 
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 ñOpenò below. 
 
L-clicking the ñOpenò button 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 ñCancelò 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 ñFile | Add init parmsò entry. 
Further details are described elsewhere. 

¶ ñFile | Get lattice backupò 
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 ñbalsac.svlò of the working 
directory. 

This option is identical to L-clicking the ñGet backupò button inside the ñLatticeò frame 
of the startup window. 

¶ ñFile | Get cluster backupò 
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 ñbalsac.svcò of the 
working directory. 

This option is identical to L-clicking the ñGet backupò button inside the ñClusterò frame 
of the startup window. 
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# $ K + File Output 
 
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, ñStacknn.latò for Balsac/Lattice and ñStacknn.pltò for 
Balsac/Cluster sessions with index nn = 1, 2, é . Stack files are kept in the present working 
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, ñBalsac.svlò for 
Balsac/Lattice and ñBalsac.svcò 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 ñGet 
Backupò). However, 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 ñFile | Add init parmsò entry of the menu bar of the graphics window 
activates / deactivates the option, see elsewhere. 
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# $ K + Save Latuse Structure Files 
 
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.  

 

The topmost box ñOutput file nameò of the Lattice output window lists the file name including drive and 
directory information. 

The box ñLattice vector formatò includes radio control buttons which decide between the output format of 
the lattice vectors, either by explicit Cartesian coordinates (option ñxyzò) or defined by lattice constants and 
angles between lattice vectors (option ñabc,angò). The present choice is shown by a black button filling the 
radio control and can be changed by L-clicking the corresponding control. 

The box ñLattice basis coordinatesò includes radio control buttons which decide between the output format 
of the lattice basis vectors (describing positions of all atoms inside the elementary cell) in Cartesian 
coordinates (option ñabsoluteò) or in as multiples of the three lattice vectors (option ñrelativeò). The 
present choice is shown by a black button filling the radio control and can be changed by L-clicking the 
corresponding control. 

The box ñMiller index formatò 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 ñsc,primtv.ò) refer to sc, primitive, or 4-index Miller indices while negative NTYP values 
(option ñgenericò) 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. 

The box ñInclude atom centersò includes radio control 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 ñyesò = atom coordinate output, option 
ñnoò = no atom coordinate output) is shown by a black button filling the radio control and can be changed by 
L-clicking the corresponding control. 
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The box ñAdd initialization dataò includes radio control buttons 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 ñyesò = include initialization data, option ñnoò = 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 ñSaveò button of the Lattice output window generates the Latuse output file with the present 
settings and returns to the graphics window. 

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



# $ K + Save Plot3D 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.  

 

The topmost box ñOutput file nameò of the Cluster output window lists the file name including drive and 
directory information. 

(Balsac/Cluster sessions only) The box ñLabel atom groupsò 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 
(ñyesò = label group atoms , ñnoò = do not label) is shown by a black button filling the radio control and can 
be changed by L-clicking the corresponding control. 

The box ñAdd initialization dataò includes radio control buttons 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 (ñyesò = include initialization data, ñnoò = 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 ñSaveò button of the Cluster output window generates the Plot3D output file and returns to 
the graphics window. 

L-clicking the ñCancelò button of the Cluster output window returns to the graphics window without further 
file output. 
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# $ K + Save PostScript 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. 

 

The topmost box ñOutput file nameò of the PostScript options window lists the file name including drive and 
directory information. 

The box ñPostScript typeò includes radio control buttons which decide between graphics file output using 
true colors as shown in the graphics window on the screen (button ñColorò) or gray levels representing the 
different colors (button ñGrayò). 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 ñFormatò includes radio control buttons which allow setting the actual page format of the plot, 
ñLandscapeò or ñPortraitò. The present 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 set to ñPortraitò if the corresponding graphics is inserted into a MS 
Word document or a MS Powerpoint presentation.  

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

¶ ñNo. of shadesò (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 next to ñNsh 
=ò where 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. 

¶ ñOutline bondsò 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 ñWbnd =ò where 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 outlining indicated by ñNo bond outliningò 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 
Atom Bonds Window which affects both the display inside the graphics window and PostScript 
output. 

¶ ñOutline spheresò 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 ñWsph =ò where 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 outlining indicated by ñNo sphere outliningò 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. 

¶  ñFrame widthò (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 ñWfrm =ò where 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 ñSaveò or ñCloseò button or 
any radio button of the window.  

 

L-clicking the ñSaveò button of the PostScript options window generates the (encapsulated) PostScipt file 
and returns to the graphics window. 

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



# $ K + Initialization Data in File Input/Output 
 
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 ñFile | Add init parmsò 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. 

For file output the 

¶ check sign shows if initialization data are to be included in Latuse and Plot3D format file 
output. 

¶ 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 

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

¶ 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 + Confirm Option 
 
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 ñFile | Confirm optionò 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 

¶ check sign shows (normal Balsac operation) all important options which are critical require 
confirmation before they are applied. 

¶ check sign is absent most of the critical options are applied immediately without requiring 
confirmation. 
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# $ K + File Output of Cells 
 
(Balsac/Lattice sessions only) Selecting the entry ñFile | Save cellsò of the file menu opens subentries 
ñWigner-Seitz cell ...ò and ñBrillouin zone ...ò which can create gray scale (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 ñFile | Save cells | Wigner-Seitz cell ...ò or ñFile | Save cells | Brillouin 
zone ...ò opens a standard MS Windows file output window to choose an output file name and directory 
where ñWScell.epsò or ñBZcell.epsò of the present directory is set by default.  

After an output file name with postfix ñ.epsò is selected L-clicking the ñSaveò button of the file 
output window closes the window and opens the cell option window 

 

The topmost box ñOutput file nameò of the cell option window lists the file name including drive and 
directory information. 

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

¶ ñCell as wire frameò will draw the cell as a transparent wire frame. 

¶ ñShaded cellò will draw the cell as a shaded opaque polyhedron where only front polygon 
sections are visible. 

¶ ñWire frame and shadesò will draw the cell as a shaded transparent polyhedron where the 
edges are emphasized visually by black lines. 

¶ ñWire frame, shades, and NN sticksò will draw the cell as a shaded transparent polyhedron 
where the edges are emphasized visually by black lines and additional sticks point to nearest 
neighbor atoms. 

L-clicking the ñSaveò button of the cell option window generates the PostScript output file and 
returns to the graphics window. 

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

 

L-clicking the submenu entry  ñFile | Save cells | Basis atoms éò allows saving 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. 

 



# $ K + Save Lattice Basis 
 
(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 ñFile | Save cells | Basis atoms...ò opens a standard MS Windows file 
output window to choose an output file name and directory where ñBalsac.pltò of the present directory is 
set by default. 

After an output file name with postfix ñ.pltò is selected L-clicking the ñSaveò button of the file output 
window closes the window and opens the basis atoms option window 

 

The topmost box ñOutput file nameò of the basis atoms option window lists the file name including 
drive and directory information. 

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

¶  ñInitialò allows saving all atoms inside an octagonal elementary cell spanned by the initial 
lattice vectors R1, R2, R3. 

¶ ñ(hkl) transformedò allows saving all atoms inside an octagonal elementary cell spanned by 
the netplane adapted lattice vectors R1ô, R2ô, R3ô where R1ô, R2ô are inside the xy plane and 
define the periodicity of the (hkl) netplane selected with the lattice builder. 

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

r = x1 R1 + x2 R2 + x3 R3   or   r = x1 R1ô + x2 R2ô + x3 R3ô 

are normalized to yield  0 < xi < 1. The option is set by L-clicking (indicated by a hook inside the 
button). 

The box ñBoundariesò 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 

¶ ñBasic cellò includes only coordinates of the basis atoms defined in the lattice builder in the 
output file. 

¶ ñ+ cell edgesò includes also 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. 

¶ ñ+ cell boundsò (enabled only if the option button ñAtoms inside cellò 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 identical with ñ+ cell edgesò. 

L-clicking the ñSaveò button 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 ñCancelò button of the basis atoms option window returns to the graphics window 
without further file output. 



# $ K + Build Lattice, Nanotube, Cluster 
 
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 elsewhere or by selecting the 
entry ñBuildò of the file menu. 

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

¶ ñFile | Build | Bulkò 
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 ñVisualizeò button inside the lattice builder window redraws the lattice 
section in the graphics window with the changed lattice parameters. 
 
L-clicking the ñCloseò button inside the lattice builder window finishes the Balsac 
session (to be confirmed). 

¶ ñFile | Build | Layerò 
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 ñClearò / ñAllò button removes reconstruction of the present / of all 
rebuilt layers. 
 
L-clicking the ñVisualizeò button redraws the lattice section in the graphics window 
with the changed layer parameters. 
 
L-clicking the ñHide/closeò button inside the layer builder window closes the 
window and returns to the graphics window. 

¶ ñFile | Build | Tubeò 
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 ñClearò button removes the tube definition and returns to the lattice 
section defined previously. 
 
L-clicking the ñVisualizeò button draws the nanotube in the graphics window with the 
present tube settings. 
 
L-clicking the ñHide/closeò button inside the tube builder window closes the window 
and returns to the graphics window. 

 

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

¶ ñFile | Build | Clusterò 
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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 ñVisualizeò button inside the cluster builder window redraws the 
cluster in the graphics window with the changed cluster parameters. 
 
L-clicking the ñCloseò button inside the cluster builder window finishes the Balsac 
session (to be confirmed). 



# $ K + Transfer to Balsac/Lattice 
 
(Balsac/Cluster sessions only) L-clicking ñLattice modeò opens a submenu with three entries which 
allow leaving the session and starting a Balsac/Lattice session. Inside the submenu L-clicking 

¶ ñFile | Lattice mode | Start from scratch éò 
starts a Balsac/Lattice session from scratch opening the lattice builder. 
 
The transfer between sessions has to be confirmed by L-clicking the ñYesò button of 
the message box reading 

Cluster coordinates will be lost, continue?  

(L-clicking ñNoò returns 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 ñBalsac.svcò (of Plot3D format) before the transfer. 
L-clicking the ñYesò button performs the backup, ñNoò skips backup. After this 
Balsac opens the lattice builder. 

¶   ñFile | Lattice mode | File input éò 
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 ñYesò button of 
the message box reading 

Cluster coordinates will be  lost, continue?  

(L-clicking ñNoò returns 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 ñBalsac.svcò (of Plot3D format) before the transfer. 
L-clicking the ñYesò button performs the backup, ñNoò skips backup. After this 
Balsac opens the file input window. 

¶ ñFile | Lattice mode | Pass atoms éò 
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 ñYesò button of 
the message box reading 

Cluster coordinates will be lost, continue?  

(L-clicking ñNoò returns to the 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 ñBalsac.svcò (of Plot3D format) before the transfer. 
L-clicking the ñYesò button performs the backup, ñNoò skips 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 ñCluster modeò opens a submenu with two entries which allow 
leaving the session and starting a Balsac/ Cluster session. Inside the submenu L-clicking 

¶  ñFile | Cluster mode | Start from scratch éò 
starts a Balsac/Cluster session from scratch opening the cluster builder. 
 
The transfer between sessions has to be confirmed by L-clicking the ñYesò button of 
the message box reading 

All lattice data  will be lost, continue?  

(L-clicking ñNoò returns 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 ñBalsac.svlò (of Latuse format) before the transfer. 
L-clicking the ñYesò button performs the backup, ñNoò skips backup. After this 
Balsac opens the cluster builder. 

¶   ñFile | Cluster mode | File input éò 
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 ñYesò button of 
the message box reading 

All lattice data  will be lost, continue?  

(L-clicking ñNoò returns 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 ñBalsac.svlò (of Latuse format) before the transfer. 
L-clicking the ñYesò button performs the backup, ñNoò skips backup. After this 
Balsac opens the file input window. 

¶ ñFile | Cluster mode | Pass atoms éò 
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 ñYesò button of 
the message box reading 

All lattice data  will be lost, continue?  

(L-clicking ñNoò returns to the 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 ñBalsac.svlò (of Latuse format) before the transfer. 
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L-clicking the ñYesò button performs the backup, ñNoò skips 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 + Undo Option 
 
(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 ñFile | Undoò 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 ñFile | Undo 
optionò which switches between the undo settings where the present setting is indicated by a check sign 
(asymmetric V) in front of the entry text. 

¶ check sign shows if the undo option is active. 

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

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

¶ Modify / Add Atom 

¶ Add Atom (Relative) 

¶ Apply Symmetry 

¶ 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: \ BALTMP) cannot be created,  undo operations disabled  

or 
Undo directory (c: \ BALTMP\ 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 ñSettings 
| Initialization | Backup directoryò 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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# $ K + Exit 
 
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 + View Options 
 
L-clicking the ñViewò 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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# $ K + View Along Axes 
 
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  

¶ ñView | View along axes | View -> Xò 
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. 

¶ ñView | View along axes | View -> Yò 
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. 

¶ ñView | View along axes | View -> Zò 
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. 

¶ ñView | View along axes | View -> -Xò 
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. 

¶ ñView | View along axes | View -> -Yò 
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. 

¶ ñView | View along axes | View -> -Zò 
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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# $ K + View Along Bonds 
 
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 g bond 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 particle 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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# $ K + View Along Plane Normal 
 
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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# $ K + Default Views 
 
Balsas offers different default settings for viewing a particle which can help to obtain a quick orientation. 
L-clicking the menu entry 

¶ ñView | Default view anglesò 
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. 

¶ ñView | Default perspectiveò 
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. 

¶ ñView | Parallel projectionò 
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, y, 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. 

¶  ñView | Reset focus/shift defaultsò 
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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# $ K + Set View Focus 
 
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: 

¶ L-clicking entry ñView | Set view focus | Atom centerò 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. 

¶ L-clicking entry ñView | Set view focus | XYZ coordinates éò opens the View Focus Window 
which allows to define the view focus used in perspective views by explicit Cartesian or predefined 
coordinates. 

 

The window shows the present focus center by its Cartesian coordinates x, y, z inside the 
corresponding coordinate input boxes next to ñx =ò, ñy =ò, ñz =ò 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 ñx =ò, ñy =ò, ñz =ò to the left of the 
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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ñPredefinedò 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 

¶ ñSet focusò   closes the View Focus Window and redraws the complete particle inside the 
graphics window applying the (new) view focus coordinates of the closed window. 

¶ ñCancelò   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. 



# $ K + Mouse Drag 
 
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)" in the ñViewò menu 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 

¶ "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 

¶ "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. 

¶ "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 - 8.5 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. 



# $ K + Extended Re-plot 
 
The ñViewò menu offers different options to re-draw the picture of a particle. L-clicking 

¶ "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. 

¶ "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 
ñRe-plotò entry above. 

                                                           
# L1035 
$ Extended Re-plot 
K Extended Re-plot 
+ balsach:0000 



# $ K + Animation Window 
 
Basic definitions of animations inside Balsac are given elsewhere. 

L-clicking the ñAnimationò entry of the ñViewò 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, 

¶ the top part inside the ñViewsò frame shows the present settings of ranges of five parameters 
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