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1 Purpose

V IEWMOL is agraphicalfront endfor computationalchemistryprograms.It is ableto graphicallyaid in the
generationof molecularstructuresfor computationsandto visualizetheirresults.Theprogram’scapabilities
include:

� Building andeditingof molecules

� Visualizationof thegeometryof amolecule

� Tracingof ageometryoptimizationor aMD trajectory

� Animationof normalvibrationsor to show themasarrows

� Drawing of IR, Raman,andinelasticneutronscatteringspectra

� Drawing of anMO energy level or densityof statesdiagram

� Drawing of basisfunctions,molecularorbitals,andelectrondensities

� Displayof forcesactingon eachatomin acertainconfiguration

� Displayof Miller planesin crystals

� Calculationof thermodynamicpropertiesfor moleculesandreactions

� Drawingsgeneratedby V IEWMOL canbesavedasTIFF, HPGL,or PostScriptfiles

� Animationsof normalmodescanbeconvertedto a videofile (MPEG),e.g. for inclusioninto World
Wide Webdocuments(requiresadditionalprogramsavailableon theInternet)

� Interfaceto thefreewareraytracingprogramRAYSHADE (inputfile generationanduseof RAYSHADE

from within V IEWMOL)

� Input andoutputin a varietyof formats,new formatscanbeaddedeasilyby theuser

V IEWMOL includesaPythoninterpreterfor automation.

At presentV IEWMOL includesinput filters for DISCOVER, DMOL, GAMESS, GAUSSIAN 9X, GULP,
MOPAC, and TURBOMOLE outputsas well as for PDB files (V IEWMOL is thereforesuitedas a viewer
for structuraldataon theWorld Wide Web).StructurescanbesavedasMSI car-files,MDL files,andTUR-
BOMOLE coordinatefiles. V IEWMOL’s file formathasbeenaddedto BABEL sothatBABEL canserve asan
input aswell asanoutputfilter for coordinates.

V IEWMOL supportsaspaceball asinput device.

2 Copyright

V IEWMOL is copyright c
�

1996-2000by Jörg-RüdigerHill. All rightsreserved.V IEWMOL is licensedunder
theGNU GeneralPublicLicense,version2. A copy of this licensecanbe found in thefile COPYRIGHT
distributedwith V IEWMOL. If you redistribute V IEWMOL, theentire contentsof this distribution mustbe
distributed,includingtheREADME, thesources,examples,andthecompletecontentsof theman directory.
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If new input filters to readoutputsof otherprogramsor othervaluablefeaturesareaddedor a bug is fixed
theauthorwouldwelcomeif theadditionsis sentto him for inclusioninto thenext releaseof V IEWMOL.

BECAUSETHE PROGRAMIS LICENSEDFREEOFCHARGE,THEREIS NO WARRANTY FORTHE
PROGRAM, TO THE EXTENT PERMITTEDBY APPLICABLE LAW. EXCEPTWHEN OTHERWISE
STATEDIN WRITING THE COPYRIGHTHOLDERSAND/OR OTHERPARTIESPROVIDE THE PRO-
GRAM ”AS IS” WITHOUT WARRANTY OF ANY KIND, EITHER EXPRESSEDOR IMPLIED, IN-
CLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESSFOR A PARTICULAR PURPOSE.THE ENTIRE RISK AS TO THE QUALITY AND PER-
FORMANCE OF THE PROGRAM IS WITH YOU. SHOULD THE PROGRAM PROVE DEFECTIVE,
YOU ASSUMETHE COSTOF ALL NECESSARY SERVICING, REPAIR OR CORRECTION.

IN NO EVENT UNLESSREQUIRED BY APPLICABLE LAW OR AGREEDTO IN WRITING WILL
ANY COPYRIGHT HOLDER, OR ANY OTHER PARTY WHO MAY MODIFY AND/OR REDIS-
TRIBUTE THE PROGRAM AS PERMITTED ABOVE, BE LIABLE TO YOU FOR DAMAGES, IN-
CLUDING ANY GENERAL, SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGESARISING
OUT OF THE USEOR INABILITY TO USETHE PROGRAM (INCLUDING BUT NOT LIMITED TO
LOSSOFDATA ORDATA BEING RENDEREDINACCURATEORLOSSESSUSTAINED BY YOU OR
THIRD PARTIESORA FAILURE OFTHEPROGRAMTOOPERATEWITH ANY OTHERPROGRAM-
S), EVEN IF SUCHHOLDER OR OTHER PARTY HAS BEEN ADVISED OF THE POSSIBILITY OF
SUCHDAMAGES.

V IEWMOL shallbequotedasfollows:

ProgramV IEWMOL, Version2.3,Jörg-RüdigerHill, 2000.

V IEWMOL hasbeenthoroughlytestedonthecomputersystemsmentionedbelow, but it cannotbeexcluded
thatthereareany furtherbugs.

Please,reportbugsto joehill@users.sourceforge.net or use
http://sourceforge.net/projects/viewmol/

3 Installation

V IEWMOL 2.3wasdevelopedonaPentiumnotebookrunningLinux usingBrianPaul’sOpenGLcompatible
library Mesa.It alsocompileswith OpenGL��� withoutany problems.V IEWMOL hasbeenportedto Silicon
Graphicscomputers,IBM RS/6000,DECAlpha,Suns,andHewlett Packard9000/735.SinceMesarunson
any machinewhich hasX windows it shouldbepossibleto run V IEWMOL on any machinewhich supports
X windows. However, for bestperformanceanative OpenGLimplementationis recommended.V IEWMOL

doesnot run on Windows PCor MacOSMacs.For useon PCsor PowerMacsLinux is requiredandhighly
recommended.

Thefollowing operatingsystemsarepresentlysupported:

� PC:Linux 2.2.x(testedonly with Mesa)

� SGI: IRIX 6.3

� DEC Alpha: OSF1 V4.0 (tested only with Mesa; courtesy of Pablo Vitoria Garcia, qibvi-
gap@lg.ehu.es)
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Ontheseoperatingsystemstheprogramwastested.Othersmayalsowork,but this is notcertified.Previous
versionsof V IEWMOL have alsobeentestedon thefollowing systems:

� IBM: AIX 4.1

� HP:HP–UX 9.5(testedonly with Mesa),

� Sun:SunOS(courtesyof KeithRefson,Keith.Refson@earth.ox.ac.uk)

� PC:FreeBSD(courtesyof PedroA. M. Vazquez,vazquez@iqm.unicamp.br)

but sincetheauthorhimselfdoesnot have accessto any of thesesystemstestingof newer versionswasnot
possible.It can,however, beassumedthatV IEWMOL will at leastcompileon thesesystems.

V IEWMOL 2.3 is provided precompiledfor a numberof architectures.Precompiledbinariesarepackaged
separatelyfrom source,documentation,andexamples:

� x86 Linux, dynamicallylinked with Motif in viewmol-2.3.bin.Linux.tgz (requiresglibc2
distribution like RedHat��� 5.0or Debian ��� 2.0)

� SGI IRIX 6.3in viewmol-2.3.bin.IRIX.tgz

� IBM RS6000AIX 4.1in viewmol-2.3.bin.AIX.tgz

� DEC AlphaOSF1in viewmol-2.3.bin.OSF1.tgz

V IEWMOL canbedownloadedfrom:

� SourceForge
http://viewmol.sourceforge.net/

� ComputationalChemistryList archive (USA)
http://www.ccl.net/cca/software/SOURCES/C/viewmol/index.shtml

The sourcecodeand the precompiledbinariesfor Linux will also be available from Metalab(formerly
Sunsite,USA) or your friendly neighborhoodmirror
file://metalab.unc.edu/pub/Linux/apps/graphics/visualization

BeforeinstallingV IEWMOL youneedto make surethatthefollowing librariesareavailable:

� OpenGLor Mesa(libGL.so,libGLU.soor libMesaGL.so,libMesaGLU.so)
This is probablyonly relevantfor installationsonLinux. MostLinux distributionsnow includeMesa.

� Motif or Lesstif(libXm.so)
This is probably only relevant for installations on Linux. Motif can be found
at http://www.motifzone.org/download/. Lesstif can be found at
http://www.lesstif.org/.

� Python ��� 1.5.2
Linux distributions usually include Python. For other systemyou needto obtain Python from
http://www.python.org/
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� TIFF library (libtif f.so)
Linux distributionsincludethis library. On Silicon Graphicsthis library is installedif theifl_eoe
andifl_dev packageshave beeninstalled.For othersystemsyou needto obtainandcompilethis
library (e.g. from sgi.comundergraphics/tiff/tiff-v3.4-tar.gz)

Installation of the program is simple. V IEWMOL comes as gzipped
tar file, viewmol-2.3.src.tgz. Unzip and untar it using gunzip
viewmol-2.3.src.tgz and tar -xvf viewmol-2.3.src.tar. You get three subdirecto-
ries, source, man, andexamples, five resourcefiles (English, German,Russian,French,Spanish),
Xdefaults.*, andtheconfigurationfile viewmolrc. Copy all files you got into anarbitrarydirectory.
If you want to install precompiledbinaries,download the appropriatefile for your operatingsystemand
unpackit from the samedirectoryyou unpacked the sourcecode. This will createa subdirectoryin the
sourcedirectorywhichholdsthebinaries(thenameof this directorystartswith thenameof your operating
systemasyou get it from uname -s andmay containa CPU specificending). If you run thesupported
operatingsystemsyouhaveto settheenvironmentvariable$VIEWMOLPATH to point to thedirectorywhere
youunpackedV IEWMOL (thecompiled-indefault for VIEWMOLPATH is/usr/local/lib/viewmol)
andtheinstallationis complete.Otherwiseyouhave to recompiletheprogram(cf. p. 5). Theprogramuses
dynamicalmemoryallocationsothateverysizeof amoleculecanbehandledwhichfits thehardwarelimits
of your workstation.

Theinstallationdirectoryalsocontainsafile viewmolrc. Youmighthave a look into thisfile andadaptit
to your needs.Theformatis describedat page41. In generalthedefaultsshouldwork fine.

V IEWMOL uses by default English as language, but it has been written so
that other languages can easily be used1. The distribution contains files
Xdefaults.<language> which contain all the program messages,menus,dialog boxes etc. in
other languages(currently English, German, Russian,French, and Spanish). If you want to use a
different languagefor a systemwide installation,copy the correspondingXdefaults.<language>
file to your applicationsdefault directory (usually /usr/lib/X11/app-defaults) and renameit
to Viewmol. If you want to usea different languageonly for someusers,instruct them to configure
the languagethrough V IEWMOL’s Configuration menu. V IEWMOL will run without any of the
Xdefaults.<language> files installed. So if you arehappy with Englishandwant to changeonly a
few settingsyoudon’t needto install any of theXdefaults.<language> files.

V IEWMOL needsafew externalprogramsfor someof its functions.Onceyouhave installedV IEWMOL and
setVIEWMOLPATH, you canstartV IEWMOL, pressCancel in the file selectionbox which will appear,
andpresstheright mousebuttonin theblueV IEWMOL window. A popupmenuwill appearwherethelast
but oneoption is Configuration .... Choosingthis optiondisplaysa dialogwhereyou cansetpath
namesto four externalprograms.Theseare(includingtheirdefaults)2:

Location of Web browser: netscape %s
Location of Moloch: moloch
Location of Rayshade: rayshade
Location of display program for RLE files: xv %s

If theseprogramareinstalledandcanbefoundin yourpathV IEWMOL will automaticallydisplaythecorrect
pathnamesin thedialog. The%s is a placeholderfor thefile nameandis requiredfor programswhich use

1ThemanualassumesthattheEnglishversionof V IEWMOL is used.Theshortcutsfor otherlanguagesaredifferent,but obvious
in themenus.

2Moloch maybecalledTurboPROPif you got TURBOMOLE from MolecularSimulationsInc.
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commandline arguments.Onceyouhavesetthesepathnames,chooseSave from thebuttonsin thedialog
andthesesettingswill bestoredpermanentlyin $HOME/.Xdefaults.

4 Compilation

V IEWMOL 2.3hasbeenwritten in C. For compilationof V IEWMOL you needa C compiler. TIFF files are
supportedby the freely availableTIFF library which is alsonecessaryto compilethe program. It canbe
foundonmany ftp sites,e.g. at sgi.comundergraphics/tiff/tiff-v3.4-tar.gz. If youwantto
link V IEWMOL with Mesainsteadof with OpenGLyouwill needMesa(http://www.mesa3d.org/).

Linux users need Motif to compile and run the program (if the program complains about
”viewmol: can’t load library ’libXm.so.1’” Motif is missing). Motif is
available from http://www.motifzone.org/download/. The Motif clone Lesstif
(http://www.lesstif.org/) can be usedwith Viewmol starting with version 0.81. There are,
however, someglitcheswith Lesstif(e.g. shortcutsdon’t work).

If you want to recompile the program and you are running one of the supportedoperating sys-
tems (this may be necessaryon IBM workstations since the formats of the executablesare not
compatible between different releasesof AIX – don’t worry, IBM didn’t) you may type make
(this tries to build V IEWMOL using OpenGL on all operating systemsexcept on Linux and Free-
BSD, to build usingMesatypemake viewmol_mesa; make tm bio readgauss readmopac
readgamess). Theshellscriptgetmachine determinestheoperatingsystemyou arerunningandsets
someoptionsfor the compiler. If this doesnot work you shouldhave a look into the Makefile. The
optionssetareexplainedthere.They arethefollowing:

� OPT
The optimizationflag for your compiler(on Linux -O6 -mX whereX may be486, pentium, or
pentiumpro; -O2 otherwise).

� CFLAGS
Additional flagsfor C compiler, usedto handlespecialoptimizationsandsomeincompatibilitiesbe-
tweendifferentUnix versions.

� LDFLAGS
Additionalflagsneededfor linker, currentlyonly usedfor SGIto distinguishbetweendifferentlibrary
versions.

� INCLUDE
Thepathto theincludefiles. For OpenGLcompilationthis is setto point to theincludefilesfor libtif f,
for Mesacompilationthepathto theMesaincludefiles is alsoincluded(thescriptaskstheuserfor
thesepathsat thebeginning,thereis really no needto changeanything in thefile here).

� LIBRARY
Thepathto theadditionallibrariesrequired.Theseareat leastlibtif f andin caseof acompilationwith
Mesathe Mesalibraries(the script asksthe userfor thesepathsat the beginning, thereis really no
needto changeanything in thefile here).

� LIBS
Thelibrariesneededto link V IEWMOL. They maydiffer betweendifferentoperatingsystemsandare
alsodifferentfor OpenGLandMesacompilations,respectively.
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Thegetmachine shellscriptwill askyou for thepathnamesto theTIFF andPythonlibrariesandto the
includefilesnecessarywith theselibraries.If youcompilewith Mesathescriptwill alsoaskyou for thelo-
cationof theMesalibrariesandincludefiles. Youmayspecifythesepathnamesusingenvironmentvariables
if you put thenameof thevariablein parentheses(e. g. $(HOME)). Thesepathnamesareassignedto the
LIBTIFF, TIFFINCLUDE,MESALIB, MESAINCLUDE, PYTHONINCLUDE, andLIBPYTHON flagsand
storedin a file .config.<OS> where<OS> is theoutputof theuname -s commandon your machine.
If this file alreadyexists,getmachine doesnotaskfor thesepathnames.

Silicon Graphicscompilerson 64-bit operatingsystems(IRIX64 – R8000,R10000,R12000)will produce
a lot of warningmessagesconcerningcastsof pointersto integers.Thesecanbesafelyignored.

Themakeprocedurewill build theprogramin adirectorywhosenamedependsontheoperatingsystemand
typeof CPUyouareusing.Youwill find all executablesin thisdirectory. After compilationfollow thesteps
underInstallationto completetheinstallation.

5 Synopsis

V IEWMOL canbecalledasfollows:

viewmol [[-bio | -dmol | -gamess | -gauss | -gulp | -mopac |
-pdb | -tm | -tmmsi] file]

V IEWMOL hasan automaticfile formatdetectionalgorithmbuild in andshouldbeableto identify output
files of theprogramssupportedwithout userintervention. V IEWMOL will alsorun Pythonscriptsgivenon
the commandline whenthe Pythonscript hasthe stringpython within the first 1024characters(this is
usuallythecaseif thescriptstartswith thecommon#!/usr/local/bin/python or similarfirst line).
If V IEWMOL is calledwithout parametersit will bring up afile selectionbox to selectthefile to beviewed.

If theoption-bio is usedthefile nameof a DISCOVER file hasto bespecified.Onecanusethe.car, the
.cor, or the.arc file of DISCOVER. V IEWMOL alsolooksfor a file with theextension.hessian and
triesto readthevibrationalspectrumfrom it, if it wasfound.

If theoption-dmol is usedthefile nameof a DMOL/DSOLID/DMOL � outputfile hasto bespecified.

If theoption-gamess is usedthefile nameof a GAMESS outputfile hasto bespecified.

If theoption-gauss is usedthefile nameof a GAUSSIAN 9X outputfile hasto bespecified.

If theoption-gulp is usedthefile nameof aGULPoutputfile hasto bespecified.

If theoption-mopac is usedthefile nameof aMOPAC outputfile hasto bespecified.V IEWMOL alsolooks
for afile with theextension.gpt andreadsinformationaboutbasissetsandMOsfrom it, if it wasfound.

If theoption-pdb is usedthefile nameof aPDBfile hasto bespecified.

If theoptions-tm or-tmmsi areusedthefile nameof aTURBOMOLE file containingatleastthedatagroup
$coord hasto bespecified.-tm readstheoriginal TURBOMOLE outputwhile-tmmsi allows V IEWMOL

to readTURBOMOLE outputsfrom theTURBOMOLE versiondistributedby MSI (theonly differenceis the
orderingof thenormalmodesin thecontrol file).
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6 Usageand Operating Modes

6.1 Data ReadFrom Input Files

� TURBOMOLE

Theprogramreadsthefollowing datagroupsfrom thecontrol file:

– $atoms

– $basis

– $pople
The basisfunctionsarereadfrom thesedatagroups. Thesedatawill be readonly if they are
available.

– $closed shells
Thisdatagroupis readtodeterminewhichmolecularorbitalsareoccupied.Thedataisnecessary
for the calculationof electrondensities.Currently, no openshell systemscanbe handledby
V IEWMOL.

– $symmetry
Thepoint groupof themoleculeis readfrom thisdatagroup.

– $coord
TheCartesiancoordinatesof themoleculecalculated.Thisdatagroupmustbeavailable.

– $grad
TheCartesiancoordinatesandgradientsof all previousstepsof a geometryoptimization.This
datagroupwill bereadonly if it is available.

– $scfmo
Thesymmetrylabels,energies,andMO coefficientsarereadfrom this datagroup. Thesedata
will bereadif they areavailableandif thefile containseitherconvergedor first ordermolecular
orbitals.

– $symmetry
Thepoint groupof themolecule.This datagroupwill bereadonly if it is available.

– $title
Thetitle of thecalculation.Thisdatagroupwill bereadonly if it is available.

– $vibrational spectrum

– $vibrational normal modes
Theresultsof a forceconstantcalculation.Thesetwo datagroupswill bereadonly if they are
available.

� GAMESS

GAMESS outputfiles arefirst checked for the occurrenceof the string GAMESS. If it is found the
necessarydataarecollectedfrom thisfile. At themomentnovibrationalspectracanbedisplayedfor
GAMESS outputssinceI don’t know theformatof suchanoutput.

� GAUSSIAN 9X

Gaussianoutput files are first checked for the occurrenceof the string Enter- ing Gaus-
sian System. If it is foundthenecessarydataarecollectedfrom this file. To usethewave func-
tion relatedtopicsin V IEWMOL with GAUSSIAN outputsGAUSSIAN mustrun with GFPRINT and
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Iop(5/33=1)3 to print basissetandMO coefficients.Dueto thevastlydifferentoutputscreatedby
theGAUSSIAN 9X seriesof programs,it is notguaranteedthataparticularoutputcanbesuccessfully
read.Thecommontypesof outputhavebeentested,but non-default routesthroughtheprogrammight
have generatedoutputwhichcannotberead.

� DISCOVER

The file names for DISCOVER files can be file_name.car,
file_name.cor, or file_name.arc. The basename is used to constructthe file name
file_name.hessian (thefile with frequenciesandnormalcoordinates).All necessarydataare
extractedfrom thesefiles.

� DMOL/DSOLID/DMOL �
Thenecessarydataarecollectedfrom the.outmol file.

� PDB files
Only theCartesiancoordinatesandatomicsymbolsarereadfrom this file, theconnectivity informa-
tion is ignoredandwill bedeterminedby V IEWMOL itself.

� MOPAC

V IEWMOL first checksfor thepresenceof a file with theextension.gpt andthesamebasenameas
theMOPAC outputfile. Thisfile is generatedif MOPAC hasbeenrunwith thekeywordGRAPH. If such
a file is foundcoordinates,basisfunctions,andMO coefficientsarereadfrom this file. If sucha file
doesnotexist, coordinatesarereadfrom theMOPAC outputfile undertheheaderCARTESIAN CO-
ORDINATES. Finally, vibrational frequenciesandnormalmodesarereadfrom the MOPAC output
file, if present.

6.2 The Main Window

Theprogramdisplaysthemoleculeaccordingto thecoordinatesin themainwindow. Following manipula-
tionsarepossible(cf. Figure1):

� Holding down theleft mousebuttonandmoving themousehorizontally
This rotatesthemolecule,theview point,or a light sourcearoundthey axis.

� Holding down theleft mousebuttonandmoving themousevertically
This rotatesthemolecule,theview point,or a light sourcearoundthex axis.

� Holding down themiddlemousebuttonandmoving themousehorizontally
This rotatesthemolecule,theview point,or a light sourcearoundthez axis.

� Holding down oneof theshift keys andtheleft mousebuttonandmoving themouse
This moves(translates)themoleculeor anannotation.

� Holding down oneof theshift keys andthemiddlebuttonandmoving themouse
Thescalingof themoleculeis changed.

� Pressingthecursorkeys for moving up 	�
�� or down 	����
The scalingof the moleculeis changed. By pressing 	

�� the moleculewill be enlarged and by
pressing	���� themoleculewill bemadesmaller.

3GAUSSIAN98 seemsto have a bug with respectto this option – no MO coefficientsareprintedanymore. UseIop(5/33=2)
insteadwhich,unfortunately, alsoprintsthedensitymatrix.
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� Clicking on anatomwith theleft mousebutton
This selectsthis atom,you will heara beep. If you have clicked on oneatomandthenpressedthe

right mousebutton, theaverageof all bondlengthsat this atomis displayed.If you have clicked on
two atomsandthenpressedtheright mousebutton,thedistancebetweenthesetwo atomsis displayed.
If you have clickedon threeatomsandthenpressedtheright mousebutton,theanglebetweenthese
threeatomsis displayed.If you have clickedon four atomsandthenpressedtheright mousebutton,
thetorsionanglebetweenthesefour atomsis displayed.To deletethedisplayedvaluesuseeitherthe
Geometry menuitemsor repeatthe stepsabove. Clicking with the left mousebutton on an atom
maybealsonecessaryfor settingor selectingsomeatomspecificvalues(vide infra).

� Holding down oneof theshift keys andclicking ona moleculewith theleft mousebutton
The moleculeis selected.The window title will show the nameof this molecule. All subsequent
translations/rotations actonly on thismolecule.

� Pressingtheright mousebuttonwithoutclicking on anatombefore
A menuwill appear. Themenucontainsthefollowing topics(thekey combinationin parenthesescan
beusedasashortcutin theEnglishversion):

– Molecule...
A submenuis providedwith thefollowing topics:
� Loadmolecule...

Bringsup afile selectionbox to loadamolecule.
� Save molecule...

Brings up a formatselectiondialog anda file selectionbox to save thecurrentlyselected
moleculeto file. Outputformatsaresupportedthroughexternalfilters (similar to theinput
filters) andcanbe installedusing optionsin the viewmolrc file (cf. p. 41). Coordi-
natesandbondinformationarepassedto thecorrespondingoutputfilter which writes the
file. Currently, the only output formatsprovided areMSI car-files, MDL mol-files, and
TURBOMOLE.
� Deletemolecule...

Deletesthecurrentlyselectedmolecule.
� New molecule...

Bringsup themoleculeeditorandstartsthebuilding of anew molecule(cf. p. 27).
� Modify molecule...

Bringsup themoleculeeditorto modify anexistingmolecule(cf. p. 27).

– Selectmolecule
Provides a submenuwith the namesof all moleculescurrently loadedand an item All and
canbeusedto changethecurrentlyselectedmolecule.Otherpossibilitiesto selecta molecule
consistof clicking onthemolecule(preferablywhile holdingtheshift key down) or pressingthe
Tab key, whichcyclesthroughall entriesin theSelect molecule submenu.

– Wire model(Alt+W)
Themoleculewill bedrawn with lines.This is thedefault.

– Stick model(Alt+T)
Themoleculewill bedrawn with sticks.

– Ball andstickmodel(Alt+A)
Themoleculewill bedrawn with ballsandsticks.
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Figure2: Thedialogbox for settingoptionsfor bonds.

– CPK model(Alt+C)
Themoleculewill bedrawn with CPKs.

– Geometry...
A submenuis providedwith thefollowing topics:
� Clearall (Ctrl+A)

If thistopicisselectedall labelsof bondlengths,bondangles,andtorsionanglesaredeleted.
� Clearlast(Ctrl+L)

If this topic is selectedthelabelof a bondlength,bondangle,or torsionanglecreatedlast
is deleted.
� Undogeometrychange(Ctrl+U)

If this topic is selected,the last geometrychange(cf. p. 27) is reversed. All geometry
changesarebufferedin theundobuffer andcanbereversedoneby oneby repeatedlyusing
thismenuitem. Geometrychangescanalsobereversedthroughthemoleculeeditor.

– Bondtypes...
Bringsup thedialogboxshown in Figure2.
� singleonly

All bondsaredrawn assinglebonds.
� multiple

V IEWMOL determinesthebondorderfor eachbondconsideringconnectivity andelements
only (only thefollowing elementsareusedin thedeterminationof bondorders:H, C, N, O,
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F, Si, P, S, Cl, Ge,Br, I). V IEWMOL thendraws bondswith thecorrespondingbondorder.
Bondorderscanalsobechangedin themoleculeeditor.
� conjugated

V IEWMOL determinesbondordersasfor the”multiple” option. It thendetermineswhether
multiple bondsare conjugatedand draws them as such. This is the default, but can be
overwrittenusingresources(seep. 43).
� Show hydrogenbonds

This button togglesthedisplayof hydrogenbonds.Hydrogenbondsaredeterminedauto-
maticallyby V IEWMOL basedonadistancethreshold.
� Thresholdfor hydrogenbonds[Ang]

This slider can be usedto set the distancethresholdfor the automaticdeterminationof
hydrogenbonds.A hydrogenbondis shown if thedistancebetweena hydrogenatomand
anotheratomis largerthanthesumof theirradii, but smallerthanthisthreshold.Thedefault
is 2 Å.
� Scaleradiusfor all atomsby

This menuandthe slider beneathit canbe usedto scalethe Van der Waalsradiusfor an
element.Sincethe Van der Waalsradiusdeterminesthe connectivity of the atomsin the
molecule,changingit will alsochangetheconnectivity. The option menucanbe usedto
selectwhichelementto scaleandthesliderallows to setthescalingfactor.

– Wave function... (Alt+V)
The dialog box shown in Figure 3 is presented.This topic is currently only available with
TURBOMOLE, GAUSSIAN, and MOPAC outputs,and even then only if MO coefficients and
basisfunctionscouldbereadin andif thecalculationwasclosedshell. If TURBOMOLE output
is usedandthepoint groupof themoleculein $symmetry is not C � , TURBOMOLE’s moloch
programmust be available (vide supra,p. 4) and only basisfunctions,occupiedMO’s, and
electrondensitiescanbedrawn in this case.SinceTURBOMOLE canhandleup to g functions
andGAUSSIAN canhandleup to f functionsthesamelimitationsapplyto V IEWMOL.

If any wavefunctionrelateddrawing is displayedandthegrid resolutionis changedthedrawing
disappearsandtherecalculationhasto beexplicitly demandedby selectingthismenuitemagain,
sincelargemoleculesrequiresignificanttime for therecalculation.At thetopof thisdialogbox
arefivebuttonswhichcanbeusedto selectthepropertywhichshallbeshown.
� All off

This topicdisablesthedrawing of any wave functionrelatedtopic. This is thedefault.
� Basisfunction

This topic allows drawing of basisfunctions.After selectingit andclosingthewave func-
tion dialogV IEWMOL promptsfor anatomin its mainwindow. Clicking on anatomwith
the left mousebutton will presenta dialog box with all basisfunctionscenteredon this
atom. After selectingone of this basisfunctionsand pressingthe OK button the corre-
spondingbasisfunctionwill bedrawn.
� Basisfunctionin MO

This topic allows drawing of basisfunctionsmultiplied by thecorrespondingcoefficient in
amolecularorbital. This topicworkssimilar to thepreviousone,exceptthatthemenuwill
show theMO coefficientsin front of all basisfunctions. If no molecularorbital hasbeen
selectedin theMO energy diagramwindow awarningmessagewill bedisplayed.
� Molecularorbital

This topic allows the drawing of a molecularorbital. If no molecularorbital hasbeen
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Figure3: Thedialogbox for settingoptionsfor wave functionrelatedtopics.
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selectedin theMO energy diagramwindow awarningmessagewill bedisplayed.
� Electrondensity

This topicallows thedrawing of thetotal electrondensity.

Next to thesebuttonsthereis asliderwhichcanbeusedto selectthevalueof theisosurfaceused
to draw thepropertyselected.Following this slideranotherthreebuttonsallow theselectionof
theinterpolationmethodusedin drawing theproperty.
� None

No interpolationis done.Theresultingdrawing normallyhasa lot of edges.
� Linear

A linearinterpolationis donebetweengrid points.Thisgivesamuchsmoothersurface.
� Logarithmic

A logarithmicinterpolationis donebetweengrid points.This improvesthequalityof draw-
ing further.

Thedefault is linear, but thiscanbeoverwrittenin theresourcefile (vide infra,p. 43). Following
is anothersliderwith canbeusedto settheresolutionof thegrid. As higherthenumberselected
hereasfiner thegrid andassmootherthe resultingsurface,but thecalculationtime goeswith
the third power of this number. Default is 10, but this canbe overwrittenin the resourcefile
(vide infra, p. 43). At the bottomof the dialog box is a togglebutton which canbe usedto
turn automaticrecalculationof MOs etc. on whenever theenergy level is changed.Sincethese
calculationscanbequitetimeconsuming,thisbuttonis off by default,but thiscanbeoverwritten
in theresourcefile (vide infra, p. 43).

– Energy level diagram(Alt+E)
A new window will appearwhich shows thecalculatedenergiesof theMOs in anenergy lev-
el diagram. This topic is only availableusing DMOL, GAMESS, GAUSSIAN 9X, MOPAC, or
TURBOMOLE outputs.In TURBOMOLE outputsthedatagroup$scfmo mustbeavailable.

– Optimizationhistory(Alt+O)
A diagramis plottedin a secondwindow which shows theenergiesandgradientnormsof the
geometryoptimization.With thecursorkeysfor moving to theleft 	���� andto theright 	����
onecanseehow thegeometryoptimizationworks. Alternatively, theredcrosscanbedragged
with themouse.

– Show forces(Alt+F)
Thecalculatedforcesactingon theatomsaredrawn asarrows. This topic is not availableusing
DISCOVER outputs. The topic is also not available, if no forceswere found for the current
coordinates.

– Spectrum(Alt+S)
A new window will appearwhichshows thecalculatedspectrumfor themolecule.This topic is
only availableif a forceconstantscalculationhasbeenperformed.

– Thermodynamics(Alt+Y)
Thedialogbox shown in Figure4 is displayed.On thetop of this dialogbox a numberof tabs
canbe found. All tabsexceptthe lastoneallow to selectthedisplayof thermodynamicaldata
for oneof themoleculesloadedinto V IEWMOL. Thelasttabwill displaythermodynamicaldata
for oneor moredefinedreactionsamongthemoleculesloaded.

Thescreenfor amoleculeshowsthetitle of thatmoleculeontop. Underneathit aredisplayedon
theleft handsidethemolecularmass(in g/mol), thesymmetrynumber, andeithertherotational
constants(for moleculesin cm��� ) or thedensity(for solidsin g/cm� ). On the right handside
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Figure4: Thedialogbox for handlingthermodynamicscalculations.
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Figure5: Thedialogbox for modifying theunit cell.

thereis apopupmenuwhichallowstheuserto selectwhetherthismoleculeshouldbeareactant
or a productin a reaction,or whetherit is not involved in a reactionat all. Thelast item in this
popupmenu,All reactions, will forceV IEWMOL to determinea linearindependentsetof
possiblereactionsbetweenall moleculeswherethis item hasbeenselected.

The remainderof the screenshows thermodynamicaldatafor the molecule. On the left hand
sidetherearea numberof buttonswhich canbeusedto selectwhich contributions(translation,
pV, rotation,vibration) to includein the total which is usedto calculatethermodynamicaldata
for areaction.Theenthalpy, entropy, Gibbsenergy, andheatcapacityarelistedto theright, split
into contributionsfrom translation,pV, rotation,andvibration.

Thescreenfor reactions(not shown) shows thereactionequationon top. Underneathit arethe
valuesof reactionenthalpy, entropy, Gibbsenergy, heatcapacity, andthe (decadic)logarithm
of theequilibrium constantlisted. The electronicandstatistical-mechaniccontributionsto the
reactionenthalpy arelistedseparately.

At thebottomall screensshareapopupmenufor selectingtheunitsto beused(Joules,calories,
or thermochemicalcalories)andtwo sliders. The top slider canbeusedto selectthe tempera-
tureat which thethermodynamicaldataareto becalculated,thebottomsliderservesthesame
purposefor thepressure.

– Unit cell (Alt+N)
Thedialogbox shown in Figure5 is displayed.Thefirst buttonon the left, visible, allows

to turn thedisplayof theunit cell on or off. Thethreesliderson theleft handsidecanbeused
to increaseor decreasethenumberof unit cellsdisplayedin eachcrystallographicdirection.By
default betweenoneandfiveunit cellscanbeselected.

Thefirst buttonontheright,Show Miller plane, allowsto turnthedisplayof Miller planes
on or off. The threeslidersunderneaththis buttoncanbeusedto selecttheMiller planeto be
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displayed.By default,all combinationsbetween-5 and5 for theMiller indicesarepossible.

– Show ellipsoidof inertia(Alt+I)
Thedisplayof theellipsoidof inertiais toggled.

– Drawing modes... (Alt+M)
Thedialogboxshown in Figure6 is provided:
� with dots

Drawing of sticks,balls,CPKsand/ormolecularorbitalsis doneasadot cloud.
� with lines

Drawing of sticks,balls,CPKsand/ormolecularorbitalsis donewith meshes.
� with surface

Drawing of sticks,balls, CPKsand/ormolecularorbitals is donewith an opaquesurface
whichhasthepropertiesdefinedin theviewmolrc file (thesepropertieshold for sticksas
well asfor ballsor CPKs).
� Lineswhile rotating

If this option is selectedthedrawing of themoleculewill bedonewith linesduringtrans-
lationsandrotations.Thisspeedsupmovementson low-endgraphicssystems.Thedefault
is on,but this canbechangedin theresourcefile.
� Orthographicprojection

Themoleculeis drawn usinganorthographicprojection.
� Perspective projection

The moleculeis drawn usinga perspective projection. This kind of projectionresembles
morecloselytheway thehumaneye perceivesthings.
� Movemolecule

If this buttonis selectedall translationsandrotationscarriedout with themouseacton the
currentlyselectedmolecule.
� Moveview point

If this buttonis selectedall translationsandrotationscarriedout with themouseacton the
viewpoint. This optionis only availableif perspective projectionis used.Moving theview
point allows theuserto move into amolecule.
� Move light 1

If thisbuttonis selectedall translationsandrotationscarriedoutwith themouseactonlight
1.
� Move light 2

If thisbuttonis selectedall translationsandrotationscarriedoutwith themouseactonlight
2.
� Lightson/off, Light 1
� Lightson/off, Light 2

Thesetwo button canbe usedto switch lights on andoff. Lights have only an effect if
the drawing modeis ”with surface” andeither the stick, ball-and-stick,or CPK model is
selected.
� Resolutionof spheres

Thenumberof polygonsusedfor thedrawing of sticks,ballsand/orCPKsis changed.A
highervaluemakesthesurfacesmoresmoothlylooking,but alsodecreasesdrawing speed.
A lowervaluemakesthesurfacesrougherlooking,but increasesdrawing speed.
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Figure6: Thedialogbox for settingoptionsfor drawing style.
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� Line width
Theline width usedfor drawing themoleculeaswire framemodelcanbeselected.A value
of 0 meansdynamicdeterminationof theline width basedon thesizeof thewindow. This
valueis thedefault.

– Groundcolor (Alt+G)
The color editor appearsin a separatewindow which canbe usedto changethe color of the
groundif perspective drawing is enabled(seedescriptionof thecolor editorbelow, p. 31).

– Backgroundcolor (Alt+B)
The color editor appearsin a separatewindow which canbe usedto changethe background
color of thewindow (seedescriptionof thecoloreditorbelow, p. 31).

– Labelatoms(Alt+L)
The atomsarelabeledwith atomsymbolsfrom input files. A numbercountingthe atomsac-
cordingto their orderin theinput is concatenatedto thesymbol.

– Annotate(Ctrl+N)
Using this topic annotationscanbe createdin themain window. After selectingthis topic the
cursorturns into a text input cursor. Clicking at any point in the main window now allows
to enteran arbitrary text string. Pressing	 return� endsthe annotationfunction. Existing
annotationscanbeeditedby simplyclicking on themor deletedby deletingall charactersin the
string. Annotationscanbemovedin thesameway asthemoleculecanbemoved: hold a shift
key down, click on theannotationandmove themouse.Annotationssupporttheclipboard,i. e.
annotationscanbecutandpastedbetweenapplications.

– Runscript(Ctrl+R)
A file selectionbox is displayedwhich allows theselectionof a Pythonscript to berun within
V IEWMOL.

– Save drawing (Alt+D)
Thedialogbox shown in Figure7 is providedwhich canbeusedto setfile formats,file names
andotheroptionsfor writing thedrawing to afile.
� TIFF

Thecurrentdrawing of themoleculeis writtenoutasaTIFF file. The”TIFF compression”
menupermitsthe selectionof a compressionalgorithm. If normal modesare animated
while this option is selecteda seriesof 20 TIFF files will be written out, eachcontainsa
singleframeof theanimation.By usingstandardimagemanipulationtoolsavailableonthe
Internetit is possibleto generatea videofile (MPEG) from theseTIFF files which canbe
includedin multimediadocuments(vide infra, p. 41).
� HPGL

Thecurrentdrawing of themoleculeis written out asa HPGL file for plotting on a plotter
or a laserprinter. This topic is not available if the drawing is donewith sticks,balls, or
CPKsandsurfaces.
� PostScript

The currentdrawing of the moleculeis written out as a PostScriptfile. If this topic is
selectedwhile the drawing is donewith sticks,balls, or CPKsandsurfacesa resolution
independentPostScriptfile for thedrawing is written,but sincePostScriptdoesnotprovide
awayto automaticallyremovehiddensurfacesthedrawing maycontainsomeartifacts.The
algorithmusedtries to minimize theseartifacts,but is not alwayscompletelysuccessful.
Sometimeschangingtheorientationof themoleculeslightly or increasingtheresolutionof
thespheresmight help.

19



Figure7: Thedialogbox for settingoptionsto save adrawing

� Rayshade
The currentdrawing of the moleculeis written out asan input file for RAYSHADE. This
topic is only available if the drawing is donewith sticks, balls, or CPKs. If molecular
orbitalsaredrawn this topic is only availableif theMO is drawn with a surface.If normal
modesareanimatedwhile this option is selecteda seriesof 20 input files for RAYSHADE

will bewrittenout,eachcontainingasingleframeof theanimation.
� Landscape
� Portrait

Theorientationof thedrawing on thepagecanbe chosenif thedrawing is written out as
eitheraHPGLor aPostscriptfile.
� TIFF compression

Canbeusedto selectthecompressionmodefor TIFF files. Dueto asoftwarepatenton the
LZW compressionalgorithmthis compressioncanno longerbeprovided.
� File

Thenamefor thefile to begenerated.
� Select

Bringsup afile selectionbox to selectthenamefor thefile to begenerated.
� Papersize

Canbeusedto selectthepapersize.
� Paperwidth in mm
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Figure8: Thedialogbox for settingconfigurationoptions.

� Paperheightin mm
Input userdefinedpaperwidth andheight. Only available if ”Papersize” is setto ”User
defined”.

– Help/Manual(Alt+H)
This topic opensa window with the V IEWMOL manual.This topic is only availableif thefile
viewmol.html wasfoundin thelocation$VIEWMOLPATH/man.

– Configuration...
Thedialogbox shown in Figure8 is provided. At the top of this dialog the languageV IEW-

MOL usesin its interfacecanbeselected.V IEWMOL loadsits languagespecificdatafrom files
Xdefaults.<lan- guage> from the directoryVIEWMOLAPATH pointsto. The four text
inputfieldscanbeusedto specifythelocationof helperprogramsV IEWMOL needsfor someof
its operations.If thecorrespondingprogramwasfound in thepaththedialogbox will already
show thecorrectinformation.If theprogramsspecifiedhereneedfile namesasparameters,put
%s asaplaceholderfor thefile namein thecommand.

A the bottomis a buttonSave which allows the informationenteredin this dialog aswell as
someothersettingsto bestoredasresourcesin $HOME/.Xdefaults. Thefollowing settings
aresaved:positionandsizeof all openwindows,window colors,selectedmodel,selecteddraw-
ing mode,selectedbond type, settingof ”lines while rotating”, selectedinterpolationmode,
resolutionof spheres,line width, selectedisosurface,selectedresolutionfor densityof states,
settingof ”automaticrecalculation”,papersize,andhydrogenbondthreshold.Note: On Linux
thesettingof resourcesis keptacrossdifferentinvocationsof theprogram.Saving theconfigura-
tion andrestartingV IEWMOL will thereforeapparentlynot work. To getrid of theold resource
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settingsissuethecommandxrdb -remove $HOME/.Xdefaults or log outandin again.

– Quit Viewmol (Q)
This quitstheprogram.

6.3 The SpectrumWindow

ChoosingSpectrum from the main window menuwill result in a new window showing the calculated
spectrumfor themolecule.In thiswindow themouseactsasfollows:

� Clicking with theleft mousebuttonona line in thespectrum
Themoleculeshows thecorrespondingnormalvibration.

� Clicking with themiddlemousebuttonin thewindow, holdingit down andmoving themouse
This displaysa rubberbandboxwith whichonecanzoominto thespectrum.

� Pressingtheright mousebutton
A menuwill appear.

Themenucontainsthefollowing topics:

– Settingsfor spectrum... (Alt+S)
Selectingthis topic displaysthedialogboxshown in Figure9.
� Typeof spectrum

The buttons labeled All modes, IR active modes, Raman
active modes, and Inelastic neutron scattering can be used to se-
lect thetypeof spectrumdesired.IR active modesarethedefault.
� Animation

The buttons labeledAnimate, Draw arrows, and Distort can be usedto select
whetherthenormalmodesareto beshown animatedor with arrows or whetheryou want
to distort themoleculealonga normalmode.A distortedmoleculecanbesavedusingthe
Save molecule optionfrom themainmenu.Animationis thedefault.
� Line shapes

ThebuttonsLine spectrum andGaussian spectrum canbeusedtoselectwhether
thespectrumis drawn assimpleline spectrumor whetheraGaussianbandshape[1] should
beapplied.Line spectrumis thedefault.
� Weightsfor inelasticneutronscattering

Whenyouactivatethisoptionyoucanenteravaluein thefield to theright. After choosing
theOK button all weightsaredrawn at the atomsin the main window andyou cansetan
atom’sweightjustby clickingonit with theleft mousebutton.All weightsaresetinitially to
zero,sothatselectingInelastic neutron scattering asspectrumtypeproduces
nothing.
� Temperature

This slidercanbeusedto setthetemperature.The temperatureis usedfor thecalculation
of theinelasticneutronscatteringintensitiesandfor theGaussianshapedspectrum.
� Amplitude

Thisslidercanbeusedto changetheamplitudeof thevibration. Its valueis multipliedwith
thestandardamplitudeof a vibration. This slidercanalsobeusedto changethedistortion
of themoleculewhile Distort is selected.
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Figure9: Thedialogbox for settingoptionsfor thespectrum
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� Scalewavenumbers
This slidercanbeusedto scalethewavenumbers.

– Selectmolecule
Providesasubmenuwith thenamesof all moleculescurrentlyloadedandcanbeusedto change
the moleculefor the currently displayedspectrum. Another possibility to selecta molecule
consistsof pressingtheTab key, which cyclesthroughall entriesin theSelect molecule
submenu.

– Imaginarywavenumbers
If theconformationof themoleculeis a saddlepoint you have imaginarywave numbers.The
corresponding”normal modes”canbeshown by selectinga imaginarywave numberfrom this
submenu.

– Readobservedspectrum... (Alt+R)
Thistopiccanbeusedto readaspectrumfrom afile anddisplayit alongthecalculatedspectrum.
Selectingthistopicopensafile selectionboxto chosethefile. Thisfile hasto containaspectrum
with onewave numberandintensityper line. All pointsreadareconnectedby a line to form a
continuousspectrum(thereis currentlyno possibilityto reada line spectrum).Lineswith a ’#’
or a letterin thefirst columnareignored.

– Deleteobservedspectrum... (Alt+E)
This topicdeletesaspectrumreadwith ”Readobservedspectrum”.

– Zoomout (Alt+Z)
This topic canbeusedto zoomout of thespectrumafterpreviouszoom-ins.Thezoommecha-
nismstoresall previousenlargementsteps.By selectingthis topicyoumovebackonestep.

– Save drawing (Alt+D)
Thesamedialogboxasfor Save drawing in themainmenuis shown andallowsyouto save
thespectrumasaTIFF, HPGL,or PostScriptfile (cf. p. 19).

– Foregroundcolor (Alt+F)
Theforegroundcolorof thespectrumcanbechangedusingthecolor editor(vide infra, p. 31).

– Backgroundcolor (Alt+B)
Thebackgroundcolor of thespectrumcanbechangedusingthecoloreditor(vide infra, p. 31).

– Quit spectrum(Alt+Q)
This closesthespectrumwindow.

� Pressingthearrow keys 	���� and 	���� , respectively
Thenext lower andhigherwave number, respectively is selectedandthemoleculeshows thecorre-
spondingnormalvibration. Normal vibrationsof imaginarywave numberscanbe displayedin this
manner, too.

6.4 The Optimization History Window

ChoosingOptimization history from themainwindow menuwill resultin a new window showing
the energy and gradientnorm in dependenceof the stepnumberof the geometryoptimization. In this
window themouseactsasfollows:

� Pressingtheleft mousebuttonandholdingit down
The red crossshowing the actualstepof the geometryoptimizationcanbe moved with the mouse.
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Figure10: Thedialogbox for settingoptionsfor theoptimizationhistory

Themainwindow shows thecorrespondinggeometry. Changingtheactualstepcanalsobeachieved
usingthecursorkeys for moving to theleft 	���� andto theright 	���� , respectively.

� Pressingtheright mousebutton
A menuwill appear.

Themenucontainsthefollowing topics:

– Settingsfor history... (Alt+S)
Selectingthis topic displaysthedialogboxshown in Figure10.
� Energies

If thisbuttonis selectedtheenergy curve is drawn. Thedefault is on.
� Gradientnorms

If thisbuttonis selectedthegradientnormcurve is drawn. Thedefault is on.
� Scales

This buttontogglesdrawing of thescalesonandoff. Thedefault is on.

– Selectmolecule
Provides a submenuwith the namesof all moleculescurrently loadedand can be usedto
changethe moleculefor the currently displayedoptimizationhistory. Anotherpossibility to
selecta moleculeconsistsof pressingthe Tab key, which cycles throughall entriesin the
Select molecule submenu.

– Animate(Alt+A)
Selectingthis topicwill animatetheoptimizationhistory. To stoptheanimationselectthis topic
again.

– Save drawing (Alt+D)
Thesamedialogboxasfor Save drawing in themainmenuis shown andallowsyouto save
theoptimizationhistoryasaTIFF, HPGL,or PostScriptfile (cf. p. 19).

– Color for energy (Alt+E)
Thecolor for theenergy curve canbechangedusingthecoloreditor(vide infra, p. 31).

– Color for gradientnorm(Alt+G)
Thecolor for thegradientnormcurve canbechangedusingthecoloreditor(vide infra, p. 31).
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Figure11: Thedialogbox for settingtheenergy unitsfor theMO energy level diagram

– Backgroundcolor (Alt+B)
Thebackgroundcolor of thediagramcanbechangedusingthecolor editor(vide infra, p. 31).

– Quit history(Q)
This closestheoptimizationhistorywindow.

6.5 The Energy Level Diagram Window

ChoosingEnergy level diagram from themainwindow menuwill resultin a new window showing
thecalculatedMO energiesin anenergy level diagram.In thiswindow themouseactsasfollows:

� Clicking with theleft mousebuttonona line
A box appearscontainingthe symmetryand the energy for this MO. Selectinga MO canalsobe
achievedby pressingthecursorkeys for moving up 	�
�� anddown 	
��� , respectively.

� Clicking in thewindow, pressingthemiddlemousebuttonandholdingit down
With therubberbandbox drawn onecanzoominto thediagram.

� Pressingtheright mousebutton
A menuwill appear.

Themenucontainsthefollowing topics:

– Settingsfor energy level diagram... (Alt+S)
Selectingthis topic displaysthedialogshown in Figure11.
� Units

The four buttonscanbe usedto selectthe energy unit. AvailableareHartrees(default),
kJ/mol,eV, andcm��� .
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� Resolutionfor densityof states
This slidercanbeusedto changetheresolutionfor thedensityof states.A smallervalue
resultsin a higherresolution.The default is 0.01. The minimum,maximum,anddefault
valuescanbesetin theresourcefile. (vide infra, p. 43).

– Selectmolecule
Provides a submenuwith the namesof all moleculescurrently loadedand can be usedto
changethe moleculefor the currentlydisplayedenergy level diagram. Anotherpossibility to
selecta moleculeconsistsof pressingthe Tab key, which cycles throughall entriesin the
Select molecule submenu.

– Transition(Alt+T)
This topic canbeusedto calculatetheenergy for a transitionbetweentwo MO’s. This topic is
availableonly if oneMO wasselectedby clicking on it. Choosingthis menutopic followedby
clicking onanotherMO drawsa line showing thetransitionandaboxcontainingthesymmetry
labelsandtheenergy differencebetweenthesetwo MO’s. Furtherclicks on otherMO’s repeat
calculationsof energy differences.To leave this modeclick eithersomewherein the window
werenoMO’sareor selectthis topic from themenuagain.

– Zoomout (Alt+Z)
This topic canbeusedto zoomout of thediagramafterpreviouszoom-ins.Thezoommecha-
nismstoresall previousenlargementsteps.By selectingthis topicyoumovebackonestep.

– Save drawing (Alt+D)
Thesamedialogboxasfor Save drawing in themainmenuis shown andallowsyouto save
theenergy level diagramasa TIFF, HPGL,or PostScriptfile (cf. p. 19).

– Draw densityof states(Alt+D)
This topiccanbeusedto togglebetweenthedensityof statesandtheenergy level diagram.The
energy level diagramis thedefault.

– Foregroundcolor (Alt+F)
Theforegroundcolorof thediagramcanbechangedusingthecoloreditor(vide infra, p. 31).

– Backgroundcolor (Alt+B)
Thebackgroundcolor of thediagramcanbechangedusingthecolor editor(vide infra, p. 31).

– Quit energy diagram(Q)
This closestheenergy level diagramwindow.

7 Editing molecules

V IEWMOL now allows thebuilding andeditingof molecules.Bondlengths,bondangles,andtorsionangles
of anexistingmoleculecanbechanged,atomscanbereplacedandaddedor deleted.New moleculescanbe
build.

7.1 Changingbond lengths,bond angles,and torsion angles

To changea bondlength,a bondangle,or a torsionangleclick on thecorrespondingatomsandthenpress
theright mousebutton. This will displaythelengthof thebondandthevalueof thebondor torsionangle,
respectively (cf. p. 10). Now click on thenumberwith theleft mousebutton. A cursorwill appearandthe
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valuedisplayedcanbechanged.After pressingReturn thenew valuefor thebondlength,bondangle,or
torsionanglewill beset. Theatomwhich hasbeenclicked on first (andall atomsconnectedto it) will be
moved. It is impossibleto changebondlengths,bondangles,or torsionanglesif they arepartof a ring. All
changesin geometrycanbereversedby usingUndo geometry change from theGeometry menuor
thecorrespondingbuttonin themoleculeeditordialogbox. Thenumberof undosis unlimited.

7.2 Adding or replacingatoms

Fromthemainwindow menuselecttheModify molecule entryin theMolecule submenu.Thedialog
box shown in Figure12 is displayed.Theupperpartcontainstheperiodictableof elementsandallows the
selectionof theelementto beaddedor usedasreplacement.

In themiddlethereareanumberof buttonsfor selectingdifferentoperationsandcertaindefaults.Theseare
thefollowing:

� Changegeometry
If this item hasbeenchosenatomscanbeselectedwith themouseandgeometrychangescarriedout
asdescribedin theprevioussection.

� Add atom
An atomof the elementselectedin the periodictablewill be attachedto the atomin the molecule
clicked on with the left mousebutton. Thenew bondwill have thebondorderselectedin theeditor
dialogboxandabondlengthwhichis 90% of thesumof theatomicradii (readfrom theviewmolrc
file). The local geometryof theatomclicked on will be changedto reflectthecurrentcoordination
of this atom(two bondpartners– linear, three– trigonal planar, four – tetrahedral,five – trigonal
bipyramidal,six – octahedral,seven– pentagonalbipyramidaletc.).

� Deleteatom
An atom clicked on with the left mouse button will be deleted. If Deleting
atoms changes local geometry is turnedon the local geometryof the atom(s)connected
to the deletedonewill be changedin thesameway asdescribedunderAdd atom. Otherwisethe
local geometryremainsasbefore.

� Replaceatom
The atomclicked on with the left mousebutton is replacedby the elementselectedin the periodic
table.Bondlengthsareadjustedto reflectthenew elementaslong astheatomchangedis not partof
a ring.

� Createbond
A new bondwill becreatedbetweenthetwo atomsclickedon with theleft mousebutton. This bond
will have theorderselectedunderBonds are.

� Removebond
Thebondbetweenthetwo atomsclicked on with the left mousebutton is deleted.Bondscreatedor
removedby theuserhave precedenceover bondscreatedautomatically. Thismeansthatonceabond
hasbeencreatedby theuseronly theusercanremove it andviceversaregardlessof whathappensto
themolecule.
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� Changebondorder
Thebondbetweenthe two atomsclicked on with the left mousebutton is assignedthebondborder
selectedunderBonds are.

� Torsionanglesdefault to
While building a moleculebondlengthsof newly createdbondsareset to 90 % of the sumof the
atomicradii of thebondedatomsandbondanglesareassignedaccordingto thecoordination.Torsion
anglescanbeselectedfrom thismenu.Availablevaluesaretrans(180� ), cis (90� ), gauche(60� ), and
� gauche( ����� � ). This allows theconstructionof morecomplicatedmolecules.Thetorsionangleis
alwaysmeasuredalongthe backboneof a molecule,i. e. while building e. g. a hydrocarbonchain
the torsion angleis always measuredbetweenthe carbonatoms. The backboneof a moleculeis
determinedby countingall atomsattachedto oneatomandfollowing the bondswhich connectthe
atomswith thelargestnumberof otheratomsattached.

� Bondsare
This menuallows theselectionof thebondorderfor bonds.Availablearesingle,double,andtriple.
Bondconjugationandhydrogenbondsaredeterminedautomaticallyaccordingto therespective set-
tingsin theBond type menu.

� Deletingatomschangeslocalgeometry
If anatomis deletedthe local geometryof theatom(s)bondedto it caneitherbe left unchangedor
modified accordingto the new coordination. This switch canbe usedto selectwhich behavior is
preferred.

In thebottomrow of themoleculeeditordialogbox is a buttonUndo geometry change which canbe
usedto reverseall changesto themolecule(exceptchangesto bonds).Thenumberof undosis unlimited.

7.3 Example: Building cyclohexane

Cyclohexane in its chair configurationhasa structurewhich seemsquite complicatedto generate,but
it can easily be built using V IEWMOL’s moleculebuilder. First, start V IEWMOL without any parame-
ter on the commandline and pressCancel in the file selectionbox which popsup. You shouldnow
have an empty window on your screen. Pressthe right mousebutton within this window and select
Molecule/New molecule ... from thepop-upmenu. Themoleculeeditorwill openup. We start
building cyclohexaneby building oneof thetetrahedra:

� SelectC from theperiodictable.

� Click with theleft mousebuttonin V IEWMOL’s window. This will placethefirst carbonatomat the
origin.

� Click with theleft mousebuttonon thefirst carbonatom.This will attachthesecondcarbonatomto
thefirst.

� Click with theleft mousebuttonon thesecondcarbonatom.Thiswill attachthethird carbonatomto
thesecond.

� SelectH from theperiodictableandclick twiceonthecentralcarbonatom.Themoleculeshouldnow
look like theleft onein Figure13.
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Figure13: Building cyclohexane

To continuebuilding cyclohexanewe have to rememberthatthetorsionanglesamongthecarbonatomsal-
ternatebetweengaucheand � gauchewhichcanbedeterminedeasilyby lookingat theNewmanprojection:
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� SelectC againandsetthedefault torsionangleto gauche.

� Click on oneof theendcarbonatoms.ThenselectH andclick on thesamecarbonatomtwo more
times.

� Changethedefault torsionangleto � gaucheandrepeatthe last two stepson the just addedcarbon
atom.Themoleculeshouldnow look like theonein themiddleof Figure13.

� Changethedefault torsionangleto gaucheagainandadda carbonatomandonehydrogenatomto
thelastcarbonatom.Themoleculewill now look like theright onein Figure13.

� Changethedefault torsionangleto transandaddthesecondhydrogenatomto thecarbonatomadded
last.

� Now changethedefault torsionangleto � gaucheandaddonehydrogenatomto thenext carbonatom
in thering, thenchangethedefault torsionangleto transandaddthesecondhydrogenatom.

� Finally, completecyclohexaneby addingfirst a hydrogenwith the default set to transand than a
hydrogenwith thedefault setto gaucheto thenext carbonatomin thering.

8 The color editor

All menuscontainitems for changingcolors. Selectingoneof theseitemsdisplaysthe color editor (cf.
Figure14). In thefirst row of thecolor editordialogbox area numberof differentcoloredboxes.You can
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Figure14: Thecolor editor

selectoneof thesecolorsjust by clicking in thecorrespondingbox with the left mousebutton. Thecolor
you want to changein thepicturechanges,too, but this is not a permanentchangeuntil you click theOK
button.

If noneof thecolorsin theboxessatisfiesyour needsyou cansetup your own color by moving oneof the
slidersfor red,green,or bluewith theleft mousebutton.Thecolor in thepictureyouwantto changeshows
thecurrentlyselectedcolor andby clicking theOK buttonyouchangeyour colorpermanently.

If thecoloreditorhasbeenbroughtupto edit thebackgroundcolorof themainwindow threebuttonslabeled
Smooth arepresent.Activatingany of thesebuttonswill createa color rampfor thecorrespondingcolor
andmix it with theotherRGBcomponents.Thesliderfor thiscolor thenhasnoeffect. Thatwayinteresting
shadingeffectsin thebackgroundcanbegenerated.

9 Programming V IEWMOL with Python

V IEWMOL canbe programmedusingPython. The Pythoninterpreterembeddedin V IEWMOL hasbeen
extendedby themodules:

� atom
� element
� energylevel
� history
� label
� light
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� molecule
� spectrum
� viewmol

which allow Pythonprogramsaccessto V IEWMOL’s internaldatamodelandfunctions.Eachmodulepro-
videsanumberof functionsfor usein Pythonprograms.

9.1 The atom module

getElement()
Returnstheelement objectfor anatom.

getCoordinates()
Returnsa tupelwith thex, y, andz coordinatesandthenameof anatom.

radius( [ rad] )
Setsor returnstheVanderWaalsradiusfor anatom.If rad is givenit hasto beadouble.TheVander
Waalsradiusis measuredin Ångstrøms.

radiusScaleFactor( [ scaleFactor] )
Setsor returnsthescalefactorfor theradiusof anatom.If scaleFactor is givenit hasto bea double.
Thescalefactormustbegreaterthanor equalzero.

neutronScatteringFactor( [ factor] )
Setsor returnstheneutronscatteringfactorfor anatom. If factor is givenit hasto bea double.The
neutronscatteringfactormustbegreaterthanor equalzero.

name( [name] )
Setsor returnsthenameof anatom.If nameis givenit hasto beastring.Themaximumlengthof the
stringis eightcharacters.

replace(elementSymbol)
Replacestheatomwith anatomof elementelementSymbol. elementSymbolhasto bea stringanda
valid elementsymbol.

delete()
Deletesthis atom. Note: AtomscannotbedeletedusingPython’s del operatorsincePythonworks
on V IEWMOL’s datastructures.

9.2 The element module

darkColor( [ red,green,blue] )
Setsor returnsthe red,green,andbluevaluesfor thedarkestpartof anatomof anelement.If red,
green, andblue aregiven they have to be floatsbetween0.0 and1.0. If the color is queried,it is
returnedasa tupelof red,green,andbluevalues.

lightColor( [ red,green,blue] )
Setsor returnsthe red,green,andbluevaluesfor the lightestpartof anatomof anelement.If red,
green, andblue aregiven they have to be floatsbetween0.0 and1.0. If the color is queried,it is
returnedasa tupelof red,green,andbluevalues.
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emissionColor( [ red,green,blue] )
Setsor returnsthered,green,andbluevaluesof thecolor anatomof anelementemits.If red, green,
andbluearegiventhey have to befloatsbetween0.0and1.0. If thecolor is queried,it is returnedas
a tupelof red,green,andbluevalues.

ambientColor( [ red,green,blue] )
Setsor returnsthered,green,andbluevaluesof theambientcolor of anatomof anelement.If red,
green, andblue aregiven they have to be floatsbetween0.0 and1.0. If the color is queried,it is
returnedasa tupelof red,green,andbluevalues.

specularColor( [ red,green,blue] )
Setsor returnsthered,green,andbluevaluesof thespecularcolor of anatomof anelement.If red,
green, andblue aregiven they have to be floatsbetween0.0 and1.0. If the color is queried,it is
returnedasa tupelof red,green,andbluevalues.

shininess( [ shininess] )
Setsor returnstheshininessof anatomof anelement.If shininessis givenit hasto beafloatbetween
0.0and128.0.

transperancy( [ transperancy] )
Setsor returnsthetransperancy of anatomof anelement.If transperancyis givenit hasto beafloat
between0.0and1.0.

9.3 The energylevel module

show()
Displaystheenergy level diagramwindow for amolecule.

unit( [unit] )
Setsor returnstheenergy unit for theenergy level diagram.unit hasto beoneof theintegerconstants
HARTREE, KJ/MOL, EV, or 1/CM definedin theenergylevel module.

resolution( [ resolution] )
Setsor returnstheresolutionfor theenergy level diagram.resolutionhasto bea doublegreaterthan
zero.

mode( [mode] )
Setsor returnsthe modefor the energy level diagram. modehasto be oneof the integer constants
ENERGY LEVELS or DENSITY OF STATES definedin theenergylevel module.

selectMO(mo1[ , mo2] )
Selectsoneor two molecularorbitals.mo1andmo2have to beintegersbetween0 andthenumberof
molecularorbitals.

deselect()
Deselectsmolecularorbitalswhichhave beenselectedwith a call to selectMO.

saveDrawing(format,filename)
Savestheenergy level diagramto file. formathasto beoneof theintegerconstantsTIFF, HPGL, or
POSTSCRIPT definedin theviewmol module.filenamehasto bea stringcontainingthenameof
thefile thedrawing is savedto.
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9.4 The history module

show()
Displaystheoptimizationhistorywindow for amolecule.

showEnergy(status)
Setsthedisplaysof theenergy curve to status. statushasto beoneof theintegerconstantsON orOFF
definedin theviewmol module.

showGradient(status)
Setsthedisplaysof thegradientcurve to status. statushasto beoneof the integer constantsON or
OFF definedin theviewmol module.

showScales(status)
Setsthedisplaysof thescalesto status. statushasto beoneof theintegerconstantsON orOFF defined
in theviewmol module.

animate(status)
Setstheanimationof theoptimizationhistory to status. statushasto beoneof the integerconstants
ON or OFF definedin theviewmol module.

iteration( [ iteration] )
Setsor returnsthe iterationdisplayed. iteration hasto be an integer between0 andthe numberof
optimizationstepsfor thismolecule.

saveDrawing(format,filename)
Savestheenergy level diagramto file. formathasto beoneof theintegerconstantsTIFF, HPGL, or
POSTSCRIPT definedin theviewmol module,filenamethenameof thefile thedrawing is saved
to.

9.5 The label module

label( [mode] )
Createsa new label. modeis an optionalinteger denotingwhetherthe label is editableby theuser,
movableby theuser, or both.In thefirst casemodehasto besetto theintegerconstantEDITABLE, in
thesecondcaseto theintegerconstantMOVABLE, andin thelastcaseto EDITABLE | MOVABLE.
Theintegerconstantsaredefinedin thelabel module.Thedefault modeis editableandmovable.

translate(x,y, z)
Setsthepositionof a label. x, y, andz areintegersspecifyingthecoordinatesof the label in pixels.
Thez coordinatehasnoeffect.

text( [ text] )
Setsor returnsthe text of an label. If presenttext hasto be a string. The maximumnumberof
charactersfor a labelis limited to 255.

setColor(red,green,blue, alpha)
Setsthered,green,blue,andalphacomponentsof a label’s color. red, green, blue, andalphahave to
befloatsbetween0.0and1.0.Thedefault color for a labelis black.

delete()
Deletesa label.
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9.6 The light module

rotate(x, y, z)
Rotatesalight. x, y, andzaretheanglesthelight is to berotatedaboutthex, y, andz axis,respectively.
Theseareintegersandaremeasuredin degrees.

switch(status)
Switchesa light on or off. statusis oneof theintegerconstantsON or OFF definedin theviewmol
module.

9.7 The molecule module

molecule()
Createsa new instanceof a moleculeobjectandreturnsa referenceto it. Note: To obtainobject
referencesto moleculesalreadyloadedinto V IEWMOL usethe getMolecules function of the
viewmol module.

translate(x,y, z)
Translates(shifts)moleculeby x, y, andz alongthex, y, andz axis,respectively. x, y, andz have to
beintegersandaremeasuredin pixelsof thescreen.

rotate(x, y, z)
Rotatesmoleculeby x, y, andz aboutx, y, andz axis,respectively. x, y, andz have to beintegersand
aremeasuredin degrees.

getSpectrum()
Createsanew instanceof aspectrumobjectandreturnsareferenceto it if thereis spectralinformation
associatedwith thismolecule.

getEnergyLevels()
Createsa new instanceof anenergy level objectandreturnsa referenceto it if thereis information
aboutenergy levelsassociatedwith thismolecule.

getHistory()
Createsanew instanceof ahistoryobjectandreturnsareferenceto it if thereis informationaboutthe
optimizationhistoryassociatedwith thismolecule.

showForces(status)
Setsthedisplayof forcesfor all moleculesto status. statushasto beoneof theintegerconstantsON
or OFF definedin theviewmol module.

getAtoms()
Returnsa list containingreferencesto all atomobjectsthemoleculeis composedoff.

getBonds()
Returnsa list of tupelsdescribingall bondsin the molecule. The tupelsconsistsof threeintegers
(atom1, atom2, order) whereatom1 andatom2 arethe indicesof the two atomsforming
thebondandorder is thebondorder. Thebondordercanbe-1, -2, 1, 2, or 3 for hydrogen/Vander
Waals,conjugated,single,double,andtriple bonds,respectively.

getWavenumbers()
Returnsa list of tupelsdescribingall wave numbersof the molecule. The tupel consistsof four
floatsandonestring(waveNumber, IRIntensity, RamanIntensity, INSIntensi-
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ty, symmetry) wherewaveNumber is the wave numberin cm��� , IRIntensity, Raman-
Intensity, andINSIntensity aretheIR, Raman,andinelasticneutronscatteringintensitiesin
percent,andsymmetry is a labeldescribingthesymmetryof themode.

title( [ title ] )
Setsor returnsthe title of a molecule. title hasto be a string. The maximumlengthof the title is
limited to 255characters.

bondAverage(atom)
Returnstheaverageof the lengthsof all bondsinvolving atomatomin Ångstrøms.atomis anatom
object.

bondLength(atom1,atom2[ , length,unit] )
Returnsor setsthelengthof thebondbetweenatomsatom1andatom2. atom1andatom2have to be
atomobjects,thebondlengthis returnedin Ångstrøms.If lengthandunit aregiven,thebondlength
is set. length is a double,unit a string containingeitherAng, au or bohr, or pm for Ångstrøms,
atomicunits,or picometers.Everythingelseis interpretedasÅngstrøms.

bondAngle(atom1,atom2,atom3[ , angle] )
Returnsor setsthebondangleatom1–atom2–atom3. atom1, atom2, atom3areatomobjects.If angle
is giventhebondangleis set.anglehasto beadoubleandis measuredin degrees.

torsionAngle(atom1,atoms2,atom3,atom4[ , torsionAngle] )
Returnsor setsthetorsionangleatom1–atom2–atom3–atom4. atom1, atom2, atom3, atom4areatom
objects. If torsionAngleis given the torsion angleis set. torsionAnglehasto be a doubleand is
measuredin degrees.

getThermodynamics(property, type)
Returnsa thermodynamicalpropertyof themolecule.propertyandtypeareintegers.propertycanbe
oneof theintegerconstantsENTHALPY,ENTROPY,GIBBS ENERGY, or HEAT CAPACITY defined
in themoleculemodule.typecanbeoneof theintegerconstantsTRANSLATION,PV,ROTATION,
VIBRATION, or TOTAL alsodefinedin themolecule module.Thereturnedthermodynamicprop-
ertywill bein SI units.

reaction( [ side] )
Setsor returnswhetherthe moleculeis a reactantor a productin a reaction. side is an integer and
can be set to of the integer constantsREACTANT, PRODUCT, or ALLREACTIONS definedin the
molecule module.

showElectrons(type[ , gridResolution,interpolation] )
Displayswave function relatedpropertiesof the molecule. type is an integer andcanbe setto one
of the integerconstantsBASIS FUNCTION, BASIS IN MO, MOLECULAR ORBITAL, or DENSI-
TY definedin themolecule module. gridResolutionis a doublespecifyingthe resolutionof the
grid usedto calculatethe isosurface. Larger valuesfor gridResolutionresult in smootherdisplays.
interpolation is an optional integer and can be one of the integer constantsIP NONE (no inter-
polation),IP LINEAR (linear interpolation),or IP LOG (logarithmic interpolation)definedin the
molecule module.

selectBasisfunction(atom,name, count)
Selectsa basisfunctionfor display. atomis anatomobjectspecifyingwhich atomthebasisfunction
belongsto. nameis a string specifyingwhatkind of basisfunction (s, p, d, etc.) to select.count is
an integerspecifyingwhich of thes, p, d, etc. functionsto select.Assumeatom1 is a carbonatom
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in a calculationusinga DZVP basisset. It thereforehasthrees functions.selectBasisfunc-
tion(1, "s", 1) wouldselectthe1sfunction,selectBasisfunction(1, "s", 2) the
first 2sfunction,andselectBasisfunction(1, "s", 3) thesecond2sfunction.

unitCell(visible[ , afac,bfac,cfac] )
Setsvisibility andnumberof replicasof unit cell. visiblehasto beoneof theintegerconstantsON or
OFF definedin theviewmol moduleto turndisplayof theunit cell onor off. afac, bfac, andcfacare
doublesspecifyingthenumberof replicasof theunit cell to bedisplayedalongthea, b, andc axis,
respectively. Fractionsareallowedfor afac, bfac, andcfac.

millerPlane(visible[ , h, k, l ] )
Setsvisibility andorientationof Miller plane.visiblehasto beoneof theintegerconstantsON orOFF
definedin theviewmol moduleto turn displayof a Miller planeon or off. h, k, and l areintegers
specifyingtheMiller indicesof theplaneto display.

addAtom(symbol[ , attach] )
Addsanatomto themolecule.symbolis a stringcontainingtheelementsymbolof theatomto add.
attach is anatomobjectspecifyingtheatomthenewly addedatomshouldbeattachedto. attach can
beomitted,but this is only usefulfor addingthefirst atomto amolecule.

9.8 The spectrum module

show()
Displaysthespectrumwindow for amolecule.

mode( [mode] )
Displaysthemodespecifiedor returnsthemodedisplayed.modehasto beanintegerbetween0 and
themaximumnumberof vibrationalmodesfor thismolecule.

deselect()
Deselectsmodespreviously selectedwith acall to mode.

type( [ type] )
Setsor returnsthetypeof thespectrumdisplayed.typehasto beoneof theintegerconstantsSPEC-
TRUM ALL, SPECTRUM IR, SPECTRUM RAMAN, or SPECTRUM INS definedin the spectrum
moduleto set the displayto all modes,IR active modes,Ramanactive modes,or inelasticneutron
scatteringdisplay.

display( [ type] )
Setsor returnsthewaynormalmodesaredisplayed.typehasto beoneof theintegerconstantsANI-
MATE, ARROWS, or DISTORT definedin thespectrum moduleto displaynormalmodesanimated,
with arrows,or asdistortion.

style( [ style] )
Setsor returnsthedisplaystyleof thespectrum.stylehasto beoneof theintegerconstantsLINES or
GAUSSIANS definedin thespectrum moduleto setthedisplaystyle to line spectrumor gaussian
spectrum.

amplitude( [amplitude] )
Setsor returnstheamplitudeof anormalmode.amplitudehasto beadouble.

scaleFactor( [ factor] )
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Setsor returnsthescalefactorfor thewavenumbersin aspectrum.factor hasto beadouble.

zoom(x1,y1,x2,y2)
Setsthezoomof thespectrum.x1, y1, x2, andy2aredoublesspecifyingtheminimumandmaximum
valuesof wave numbersandintensities,respectively, to bedisplayed.x1 andx2 aswell asy1 andy2
cannotbeequal.

saveDrawing(format,filename)
Saves the spectrumto file. format hasto be oneof the constantsTIFF, HPGL, or POSTSCRIPT
definedin theviewmol module,filenamethenameof thefile thedrawing is to besavedto.

Thespectrumwindow canbeclosedby deletingthespectrumobject.

9.9 The viewmol module

load(filename)
Loadsamoleculeinto V IEWMOL. filenamehasto beastringcontainingthename(andpathif neces-
sary)of thefile to load.

save(molecule, filename, format)
Savesmoleculemoleculein theformat format to file filename. moleculehasto bea moleculeobject,
filenameastringgiving thenameof thefile (includingpath,if appropriate)themoleculeis to besaved
to, andformata stringdescribingtheformatin which themoleculeis to besaved. formatcanbeany
of thestringsgivenaftertheoutput keyword in viewmolrc (currentlycar, arc, mol, or tm).

delete(molecule)
Deletesmoleculemolecule. moleculehasto beamoleculeobject.Note: Moleculescannotbedeleted
usingPython’sdel operatorsincePythonworkson V IEWMOL’s datastructures.

getMolecules()
Returnsa list of themoleculesloadedinto V IEWMOL.

getLights()
Returnsa list of theavailablelights.

getLabels()
Returnsa list of all labelsknown to V IEWMOL.

model( [model] )
Setsor returnsthe modelusedto displaymolecules.modelhasto be oneof the integer constants
WIREMODEL, STICKMODEL, BALLMODEL, or CPKMODEL definedin theviewmol moduleto set
themodelto wire model,stickmodel,ball-and-stickmodel,andCPK model,respectively.

drawingMode( [mode] )
Setsor returnsthe drawing modefor molecules.modehasto be oneof the integer constantsDOT,
LINE, or SURFACE definedin theviewmol moduleto setthedrawing modecorrespondingly.

projection( [projection] )
Setsor returnstheprojection.projectionhasto beoneof theintegerconstantsORTHO or PERSPEC-
TIVE definedin theviewmol module.

sphereResolution( [ resolution] )
Setsor returnsthe resolutionfor spheresand cylinders. resolutionhas to be an integer. Higher
resolutionsresultin smootherlooking spheresandcylinders.

39



lineWidth( [width] )
Setsor returnsthe line width for wire modeldisplays.width hasto be an integer. If width is setto
zerotheline width is calculatedbasedon thesizeof thewindow.

groundColor( [ red,green,blue] )
Setsor returnsthecolorof thegrounddisplayedif theprojectionis settoPERSPECTIVE. red, green,
andbluearefloatsspecifyingthered,green,andbluecomponentsof thegroundcolor. They have to
bebetween0.0and1.0. If thegroundcolor is retrieved,a tupelwith thered,green,andbluevaluesis
returned.

backgroundColor( [ red,green,blue] )
Setsor returnsthecolor of thebackground.red, green, andbluearefloatsspecifyingthered,green,
andbluecomponentsof thebackgroundcolor. They haveto bebetween0.0and1.0. If thebackground
color is retrieved,a tupelwith thered,green,andbluevaluesis returned.

labelAtoms(status)
Specifieswhetheratomsshouldbelabeled.statusis anintegersetto oneof theconstantsON or OFF
definedin theviewmol module.

saveDrawing(format,filename)
Saves the drawing to file. format hasto be oneof the constantsTIFF, HPGL, POSTSCRIPT, or
RAYSHADE definedin theviewmol module,filenamethenameof thefile thedrawing is to besaved
to.

isosurface( [ level] )
Setsor returnswhich isosurface to display for wave function relateddrawings. level hasto be a
double.

showThermodynamics( [ select] )
Displaysthethermodynamicsdialog.selectis anintegerspecifyingwhich tabto display. This integer
hasto be eitheroneof the integer constantsREACTION or OFF definedin theviewmol module
or an integer between1 and the numberof moleculeloaded. In the first casethe reactionpageis
displayed,in thesecondcasethethermodynamicsdialogis closed,andin all othercasesthepagefor
thecorrespondingmoleculeis shown.

redraw()
Redraws themainwindow of V IEWMOL. Redraws arenecessaryto make changesvisible performed
usingothermethodsof theviewmol module.

getFramesPerSecond()
Returnsthedrawing speedof thelastredraw of V IEWMOL’s mainwindow in framespersecond.

quit()
QuitsV IEWMOL.

10 Adapting the Program to a Differ ent Language

V IEWMOL hasbeenwrittento takefull advantageof thelanguageindependenceof X windows. All program
messages,menus,dialogbox texts etc. arestoredoutsideof theprogramin resourcefiles. Thereforeit is
possiblethat different userscan run the sameV IEWMOL executablein different languageson the same
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computer. Currently, five languagesaresupported:English,French4, German,Spanish5, andRussian6. To
adaptV IEWMOL to anotherlanguageonly theXdefaults.<language> file hasto betranslated.For a
native speaker of thelanguagethiswill take between45 and60minutes.

TheXdefaults.<language> files provided with V IEWMOL have threesections.The first sectionis
relatedto the installationof externalsupportprogram,thesecondsectioncontainsdefault settings(seep.
43). The third sectioncontainsall languagedependentmessagesandthis is theonly sectionwhich needs
translation.To translate,translateeverythingright of thecolon. Thestrings’%s’, ’%d’, or ’%f ’ mark the
positionof namesor numberswhich arefilled in by theprogramandmustremainin thetranslatedversion
at theappropriateposition.After translationinstall thenew Xdefaults.<language> file asdescribed
in theInstallationsection(cf. p. 2) andV IEWMOL will talk in your language.Theauthorwouldappreciate
to getacopy of thetranslatedresourcefile for inclusionin thenext public release.

11 The making of multimedia files

If normalmodesareanimatedandtheuserselectsSave drawing/TIFF from themainwindow menua
seriesof TIFF files is writtenout,onefor eachframeof theanimation(currently20 frameswhichcannotbe
changedby theuser).TheseTIFF filescaneasilybeconvertedto avideofile (MPEG)showing theanimation
usingstandardimagemanipulationtoolsfrom theInternet.OnepossibleMPEGencoderismpeg_encode
which is availablefromftp://mm-ftp.CS.Berkeley.EDU via anonymousftp. Thisencoderexpects
its input files eitherin PPM,PNM, or YUV format. To convert the TIFF files written by V IEWMOL you
canusethe PBMPLUSor NETPBM librarieswhich have a filter tifftopnm (you alsoneedpnmflip, since
tifftopnmchangestheorientationof thepicture). The following shell scriptwill do theconversion(for sh
andkshusers)if thedefault files from V IEWMOL have beenused:

for i in vm_image*.tiff
do
j=‘basename $i tiff‘pnm
tifftopnm $i | pnmflip -topbottom > $j

done

TheresultingPNM filescanthenbeprocessedbympeg_encode to produceaMPEGfile whichcan,e.g.,
beincludedinto aWorld Wide Webdocument.

SelectingSave drawing/Rayshade from themainwindow menuwith ananimationrunningwill write
a seriesof 20 input files for RAYSHADE. Thesefiles canalsobe processedby RAYSHADE andusedto
generateamovie of thevibration.Thisprocesscan,however, bevery timeconsuming.

12 Data files

V IEWMOL usesa datafile namedviewmolrc for gettinginformationsaboutatomsandavailable input
andoutputfilters. Theremay be threeof thesefiles. V IEWMOL looks at first in the currentdirectoryfor

4Many thanksto Ludovic Douillard (douillard@DRECAM.cea.fr).
5Many thanksto JoseR. Valverde(jrvalverde@cnb.uam.es).
6My Russianis a little bit rusty. Apologiesfor any grammarmistakesand/orunrecognizablemeanings.I would appreciatea

checkby a native speaker.
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this file, thenin theusersHOME directoryfor a file .viewmolrc andfinally in thedirectorywherethe
environmentvariableVIEWMOLPATH pointsto. In oneof thesethreelocationssucha file mustbefound.
Thefile shouldcontainthefollowing data:

� Linesof theformat:
option 	 name of option��	 name of input filter � [ 	 commandline options for input filter � ]
” 	 characteristicstring� ”
Theselinesdefinetheinput filter for V IEWMOL andthecommandline optionsconnectedwith them
(i. e. you canchangethe commandline option if you want). 	 option� is the commandline op-
tion V IEWMOL expectson its commandline or theworddefault. Theinput filter connectedwith
default is usedif no commandline option is passedto V IEWMOL. If no default input filter is
specifiedV IEWMOL displaysa file selectionbox in this case. 	 nameof input filter � is thepathto
andnameof the input filter executable.If the input filter requirescommandline option (e. g. a file
name)they canbe specifiedafter the nameof the input filter. %s is usedasa placeholderfor file
names.Thepathor nameof theinputfilter cancontainenvironmentvariablesor thestring$OSNAME.
The latter is replacedby thesubdirectorynamefor themachineV IEWMOL is currentlyrunningon.
” 	 characteristicstring� ” is a string which is usedto identify the type of a particularfile. The first
1024charactersof an input file passedto V IEWMOL arescannedfor this string andthe input filter
connectedwith thestring is thenusedto readthefile. Thereforethesestringshave to beuniquefor
eachinput filter andhave to be in every file of a certaintypewithin thefirst 1024characters.Since
mostprogramswrite their namesoutat thebeginningtheserestrictionsseemto benoproblem.

� Linesof theformat:
output 	 referenceto resources��	 nameof outputfilter � [ 	 commandline optionsfor outputfilter � ]
%s
Theselines definethe outputfilter for V IEWMOL. 	 referenceto resources� is an arbitrarystring
which mustrefer to a resourcein the Xdefaultsfile. This string is usedto provide the label for the
outputfilter in theoutputfilter selectionbox. 	 nameof outputfilter � is thepathto andnameof the
outputfilter executable.All outputfilters shouldat leastacceptthenameof theoutputfile from their
commandlines. If additionalparametersarerequiredthey canalsobespecifiedafterthenameof the
outputfilter. %s is usedasaplaceholderfor theoutputfile name.Environmentvariablesor thestring
$OSNAME canbeusedin thesameway asfor input filters.

� Linesof theformat:
	 symbol��	 rad��	 rd ��	 gd��	 bd��	 rl ��	 gl ��	 bl ��	 surface�
	 symbol� is an atomic symbol, 	 rad� is the Van der Waalsradiusof this atom in Ångstrøms,
	 rd � , 	 gd� and 	 bd� arethered,greenandbluecolor for thedarkestpartof this atomand 	 rl � ,
	 gl � and 	 bl � arethe red, greenandblue color for the lightestpart of the atom. Therearefour
reserved stringsfor 	 symbol� . If 	 symbol� is bd the following descriptiondescribesa hydrogen
bond. The 	 rad� field is alsointerpretedasthe radiusof all bondsticks. All otherfields areonly
appliedto hydrogenbonds. uc specifiesa unit cell corner. Radiusandcolor given hereaffect the
appearanceof the unit cell. ps andms specifythe surfacepropertiesfor the positive andnegative
isosurface,respectively, usedto draw wave function relatedtopics. In thesecasesthe radiusis not
used. 	 surface� is an optionalspecificationfor thesurfaceusedwhenstick, ball, or CPK drawing
with surfacesis activated. 	 surface� is a list of oneor moreof thefollowing options

– emission	 r ��	 g ��	 b �
Theemissioncolorof thesurface.Usingthisoptioncausesthesurfaceto emit light. 	 r � , 	 g � ,
and 	 b � arethered,greenandbluecomponentsfor thelight color.
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– ambient 	 r ��	 g � 	 b �
Theambientlight which is reflectedby thesurface. 	 r � , 	 g � , and 	 b � arethered,greenand
bluecomponentsfor thelight color.

– specular	 r ��	 g � 	 b �
Thespecularlight which is reflectedby thesurface. 	 r � , 	 g � , and 	 b � arethered,greenand
bluecomponentsfor thelight color.

– shininess	 n �
A parameterwhichdeterminesthekind of reflection. 	 n � canbein therange0 ... 128.

– alpha 	 n �
This parameterdeterminesthetransparency of thesurface.

All color specificationscanbebetween0.0 and1.0. The total lengthof a line specifyinganatomis
restrictedto 132characters.Thekeywordsfor thesurfacespecificationscanbeabbreviatedwith the
first two letters.

Any line startingwith ’#’ is treatedasa comment.

V IEWMOL makesextensive useof X Windows resources.All standardsearchalgorithmsfor thelocationof
theresourcesapply(seee. g. O’Reilly bookson X Windows). V IEWMOL hasEnglishresourcescompiled
in. Resourcesfor otherlanguagesareprovidedin filesXdefaults.<language> andmightbeinstalled
asdescribedin theinstallationsectionof thismanual(p. 2).

The following resourcesare used to specify the defaults. They can be overwritten in the user’s
$HOME/.Xdefaults file or, in part, by the configurationoptionsavailable in the program. Defaults
configurablefrom within theprogramaremarkedwith anasterisk(*).

Viewmol*geometry: 500x500+50+50 (*)
Viewmol.history.geometry: 500x250+50+590 (*)
Viewmol.spectrum.geometry: 500x250+50+590 (*)
Viewmol.MODiagram.geometry: 250x500+565+50 (*)
Viewmol.Bell: <no default>
Viewmol.model: wire (*)
Viewmol.drawingMode: surface (*)
Viewmol.bondType: conjugated (*)
Viewmol.sphereResolution: 10 (*)
Viewmol.simplifyWhileRotating: True (*)
Viewmol.interpolation: linear (*)
Viewmol.bondLength: %7.4f Ang
Viewmol.bondAngle: %7.2f deg
Viewmol.torsionAngle: %7.2f deg
Viewmol.wavenumbers: 0:5000
Viewmol.isosurface: 0.05 (*)
Viewmol.reservedColors: 0
Viewmol*spectrumForm*amplitudeSlider.decimalPoints: 2
Viewmol*spectrumForm*amplitudeSlider.minimum: -250
Viewmol*spectrumForm*amplitudeSlider.maximum: 250
Viewmol*spectrumForm*scaleSlider.decimalPoints: 2
Viewmol*spectrumForm*scaleSlider.minimum: 50
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Viewmol*spectrumForm*scaleSlider.maximum: 150
Viewmol*wavefunctionForm*level.minimum: 1
Viewmol*wavefunctionForm*level.maximum: 100
Viewmol*wavefunctionForm*grid.minimum: 4
Viewmol*wavefunctionForm*grid.maximum: 20
Viewmol*wavefunctionForm*grid.value: 10
Viewmol*MODiagramForm*resolution.minimum: 1
Viewmol*MODiagramForm*resolution.maximum: 1000
Viewmol*MODiagramForm*resolution.decimalPoints: 3
Viewmol*MODiagramForm*resolution.value: 10
Viewmol.paperSize: A4 (*)
Viewmol.viewer*font: variable
Viewmol.spectrum*font: variable
Viewmol.history*font: variable
Viewmol.MODiagram*font: variable
Viewmol.viewer.background: white (*)
Viewmol.viewer.foreground: gray75 (*)
Viewmol*spectrum.spectrum.background: white (*)
Viewmol*spectrum.spectrum.foreground: black (*)
Viewmol*history.history.background: white (*)
Viewmol*history.history.foreground: blue (*)
Viewmol*MODiagram.MODiagram.background: white (*)
Viewmol*MODiagram.MODiagram.foreground: black (*)
Viewmol*foreground: black (*)

TheViewmol.Bell resourceis theonly resourcewhichdoesnothave adefault. As longasthis resource
is not setthestandardkeyboardbell is rungassoonasa selectionin oneof thewindows is madeby mouse
click. This resourcecanbesetto thename(andcommandline parameters)of any programwhich shallbe
run instead,preferablyonewhichproducesanicersoundeffect.

TheViewmol.model resourcecanbe set to wire, stick, ball, or cpk. TheViewmol.drawingMode
resourcecanbe set to dot, line, or surface. TheView- mol.bondType resourcecanbe set to single,
multiple, or conjugated.TheViewmol.interpolation resourcecanbe set to none,linear, or loga-
rithmic. The resourcesfor specifyingformatsfor bond lengths,bondangles,and torsionangleshave to
containa valid C format string for printing a floating point number. The resourcefor the bond lengths
recognizesAng, pm, bohr, andau in the formatstringasunitsandconvertsthebondlengthsaccordingly.
TheViewmol.reserved- Colors resourcecanbeusedto limited thenumberof colorsallocatedby
V IEWMOL if it runsin colormapmode. V IEWMOL tries to allocateasmuchcolorsasit can. This might
interferewith othersprogram.In thiscaseViewmol.reserved-Colors canbeusedto tell V IEWMOL

to leave thespecifiednumberof colorsunallocated.In caseof thespecificationsfor theslidersthevalues
givenfor minimumandmaximumhave to bemultiplied by � �"!$#&%('*),+.-0/�1&'325476 . I. e. if thenumberof decimals
is to bechangedalsominimumandmaximumhave to bechanged.PapersizescurrentlyrecognizedareA5,
A4, A3, Letter, Legal,and 	 width � x 	 height� where 	 width � and 	 height� arein millimeters.

TheViewmol.viewer.foreground resourceis usedfor thecolorof thegroundif perspectivedrawing
is enabled.
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13 Programming Your Own Input Filter

V IEWMOL canbe easilyadaptedto readoutputsof otherprogramsor otherfile formats. All you have to
do is to write a new input filter which extractsthedatafrom thecorrespondingfile. Theseinput filter are
stand-aloneprogramsandcanbewritten in everyprogramminglanguageyouwant.Examplesin C andawk
areincluded.

Theinputfilter hasto readthefollowing datafrom theoutputfile andwrite themto its standardoutputin the
formatdescribedbelow. This format follows thefile formatof TURBOMOLE very closely. A few sections
hadto beextendedto allow datawhicharecurrentlynot supportedby TURBOMOLE (e.g. unit cells).

� theCartesiancoordinatesandatomsymbols(required)
Write to standardoutputin thefollowing format:

$coord factor
x1 y1 z1 symbol1 xyz
x2 y2 z2 symbol2 xyz
...

factor is the conversion factor the coordinateshave to be multiplied with to convert them to
Ångstrøms.Any combinationof x, y, andz at the endof the line (optional) indicatesthat the cor-
respondingatomhasbeenkeptfixedin thatdirectionduringa geometryoptimization.Consequently,
V IEWMOL will notdraw theforcesactingon this atomin thefixeddirection.

� thetitle (optional)
Write to standardoutputin thefollowing format:

$title
title

� thewave numbersandintensities(optional)
Write to standardoutputin thefollowing format:

$vibrational spectrum
symmetry1 wavenumber1 IR-intensity1 Raman-intensity1
symmetry2 wavenumber2 IR-intensity2 Raman-intensity2
...

symmetry is the symmetrylabel for the vibrationalmode,wavenumber is its wave numberand
IR-intensity andRaman-intensity areits IR andRamanintensity, respectively. If thesym-
metrylabelsfor thevibrationalmodesareunknown they shouldbesetto adefault (e.g. A1).

� normalcoordinates(optional)
Write to standardoutputin thefollowing format:

$vibrational normal modes
i1 i2 nm(1,1) nm(2,1) nm(3,1) nm(4,1) nm(5,1)
i1 i2 nm(6,1) ... nm(3*natom,1)
i1 i2 nm(1,2) nm(2,2) nm(3,2) nm(4,2) nm(5,2)
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i1 i2 nm(6,2) ... nm(3*natom,2)
...
i1 i2 nm(1,nmodes) ... nm(5,nmodes)
i1 i2 nm(6,nmodes) ... nm(3*natom,nmodes)

i1 andi2 areintegerswhichareskippedduringreading.nm(i,j) arethenormalmodecoefficients.
They have to beprovided orderedby Cartesiancoordinates(all x componentsof thefirst atomfirst,
thenall y componentsof thefirst atometc.).

� optimizationhistoryor MD trajectory(optional)
Write to standardoutputin thefollowing format:

$grad cartesian gradients
cycle = nc SCF energy = E_nc |dE/dxyz| = gradnorm_nc
[unitcell a b c alpha beta gamma]
x1 y1 z1 symbol1
x2 y2 z2 symbol2
...
xn yn zn symboln
gx1 gy1 gz1
gx2 gy2 gz2
...
gxn gyn gzn
cycle = nc+1 SCF energy = E_nc+1 |dE/dxyz| = gradnorm_nc+1
...

nc isacounterfor thecycle,E_nc is theenergy for theconfigurationof cyclenc,andgradnorm_nc
is the gradientnorm of cycle nc. The line startingwith unitcell is optionalandcanbe usedto
specifythecurrentunit cell e.g. duringaconstantpressureMD run. Thex, y, andz aretheCartesian
coordinatesfor eachatom,symbol is theatomicsymbol.Thegx, gy, andgz arethegradientsfor
eachatom.This structurecanberepeatedfor asmany cyclesasnecessary.

� MO energiesandcoefficients(optional)
Write to standardoutputin thefollowing format:

$scfmo [symmetrized] [gaussian]
n symmetry_label_n eigenvalue=MO_E_n nsaos=norb

moc(n,1) moc(n,2) moc(n,3) moc(n,4)
moc(n,5) ... moc(n,norb)

n+1 symmetry_label_n+1 eigenvalue=MO_E_n+1 nsaos=norb
...

The string symmetrized after $scfmo is optionalandcanbe usedto notify V IEWMOL of the
fact that the MO coefficientsarewith respectto symmetrizedAOs ratherthanwith respectto AOs.
V IEWMOL needsmoloch from the TURBOMOLE packageto handlesymmetrizedAOs. If moloch
is not installedandsymmetrizedAOs areinput, MOs andelectrondensitiescannotbe drawn. The
stringgaussian is alsooptionalandnotifiesV IEWMOL thattheMO coefficientsarenormalizedand
orderedGAUSSIAN style.n is a countercountingtheMOs,symmetry_label_n is thesymmetry
label for MO n,MO_E_n is theMO energy for MO n, andnorb is thetotal numberof orbitals.The
moc(n,i) aretheMO coefficientsfor MO n.
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� basisfunctionsandoccupationnumbers(optional)
Write to standardoutputin thefollowing format:

$atoms
atom_symbol1 list_of_indices1 \
basis=basis_set_name1

atom_symbol2 list_of_indices2 \
basis=basis_set_name2

...
$basis
*
basis_set_name1
*
number_of_primitives angular_momentum
exponent1 coefficient1
exponent2 coefficient2
...
exponentn coefficientn
number_of_primitives angular_momentum
...

*
basis_set_name2
*
...

*
$closed shells
symmetry_label list_of_indices (2)

$pople [6d/10f/15g]

atom_symbol is theatomsymbolof anelementandlist_of_indices containstheindicesof
all atomsof theparticularelementaccordingto the list of coordinatesreadin under$coord. The
list canbeeithercommaseparatedand/orcontainhyphensfor indicatingranges(e. g. c 1,3,7-10is
a valid descriptor).Basis_set_name canbe an arbitrarystring describinga particularbasisset.
It is only usedto find the correspondingbasisset in the list readunderbasis. This list simply
statesthe namefor a basisset and then lists the primitive functionswhich make up a contracted
Gaussiansstartingwith thenumberof primitivesin thatparticularcontractedGaussianandits angular
momentum(s,p, d, f, ...). Thantheexponentsandcontractioncoefficientsarelistedline by line. This
is repeatedfor all contractedGaussiansof that particularbasisset. $closed shells is usedto
tell V IEWMOL which MOs areoccupiedandwhich arenot. symmetry_label is the symmetry
labelfor anumberof MOsandlist_of_indices is a list of integersstatingwhichof theMOsof
thatparticularsymmetryareoccupied.This list canbeeithercomma-separatedor containhyphensto
indicaterangesof MOs. Note: $closed shells hasto appearafter$scfmo in theoutputwritten
by theinput filter. $pople is usedto indicatethatd, f, or g functionshave 6, 10,or 15 components
insteadof 5, 7, or 9. Note: This datagrouphasto appearafter the$coord or $grad in theoutput.
OtherwiseV IEWMOL will fail.

� theunit cell (optional)
Write to standardoutputin thefollowing form:
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Figure15: Theerrordialogproducedby thesampleerrormessage

$unitcell a b c alpha beta gamma

� errorsoccuringduringfile processing(optional)
Write to standardoutputin thefollowing form:

$error errorLabel severity additionalInformation

errorLabel is an arbitrary one word label which refers to an error messagein the resources.
severity is alabelfor theseverity of theerror. Setit to 0 if theprogramcancontinuedespitethiser-
ror. Setit to 1 if theprogrammuststop.additionalInformation is any additionalinformation
you want to bedisplayedin theerrormessage(e. g. thenameof a file which wasnot found). Cur-
rently, thefollowing errorLabelsarein use:noFile, notConverged,unsupportedVersion,
wrongFiletype,noCoordinates,noEnergy, andunknownErrorMessage. If your input
filter wantsto returnanerrorbecauseit is missingcoordinatesin theinput file ”dummy.inp” you can
have it writing thefollowing line to standardoutput:

$error missingCoordinates 1 dummy.inp

Then you have to specify a resource for the error message in
$HOME/.Xdefaults:

Viewmol.missingCoordinates: The file %s does not
contain any coordinates.

With thesetwo lines in placeany encounterof no coordinatesin aninput file will leadto thedisplay
of theerrordialogin Figure15. Thereis no needto recompileV IEWMOL to achieve this.

Thelastline of thedatawritten to standardoutputby theinputfilter mustbe$end.

Theinput filter canbeinstalledby addinga line to theviewmolrc file.
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14 Programming Your Own Output Filter

V IEWMOL canbe easilyadaptedto write files in any format. All you have to do is to write a new output
filter which formatsthedataprovidedby V IEWMOL. Theseoutputfilters arestand-aloneprogramsandcan
bewritten in every programminglanguageyouwant.Examplesin awk areincluded.

Theoutputfilter hasto acceptthefollowing datafrom its standardinputandwrite themto afile whosename
is givenasacommandline parameterto thefilter. V IEWMOL passesthefollowing datagroupsto theoutput
filter:

� theunit cell (if present)is sentin thefollowing format(a,b,andc in atomicunits,theanglein degrees)

$unitcell a b c alpha beta gamma

� theCartesiancoordinatesaresentin thefollowing format(in atomicunits)

$coord
x1 y1 z1 symbol1
x2 y2 z2 symbol2
...

� thebondinformationis sentin thefollowing format

$bonds
atom1 atom2 bond_order
...

whereatom1 andatom2 arethenumbersof theatomsaccordingto thelist in $coord which form
thebond.bond_order is theactualorderof thebond, ��8 if thebondis partof aconjugatedsystem,
or � � if it is ahydrogenbond.

$end is passedto theoutputfilter aslastline.

15 Limitations

V IEWMOL currentlycannothandleGAUSSIAN outputswhichcontainCartesianf functions(10f).

If V IEWMOL runsin color map(thatshouldonly happenon IBM RS6000with Sabinegraphicsadapters,
in this casethebackgroundof thetitle screenhasa constantcolor insteadof theusualdark top andlighter
bottom)shadows arenotdrawn if thedrawing modeis ”with surface”.

If TIFF filesaresavedmakesurenootherwindow (includingdialogboxes)overlapswith thewindow to be
saved.Theinformationis readfrom thescreenandoverlappingwindows will show up in thesavedfile.

HPGL outputsfor drawingswhich arelabeledwith non-latincharacterswill not containany labels.HPGL
outputhasonly supportfor Germanumlauts,Postscriptprovidesall ISO-8859-1andKOI-8 characters.

If V IEWMOL hasbeenlinkedwith aMesaversion 	 2.1andis runningonLinux the”Lines while rotating”
buttonshouldalwaysbesetto on (thedefault). If it is setto off, amodelis drawn with surfaces,andtried to
rotate,V IEWMOL will crashwith afloatingpoint exception.This is abug in earlyMesaversions.
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V IEWMOL is now usablewith Lesstif ( � 0.81). Thereare,however, someglitches,e. g. shortcutsdon’t
work.

16 Frequentlyaskedquestions

1. Is thereahomepagefor V IEWMOL ?
There is a home page at http://viewmol.sourceforge.net/ and a project page at
http://sourceforge.net/projects/viewmol/.

2. V IEWMOL on Linux reportsonstartup:
viewmol: can’t load library ’libMesaGLU.so.3’
or anotherlibrary.
V IEWMOL doesnot find a dynamicallinked library it needs.The reasonfor this is that either the
library is not installed,thewrongversionis installed,or thedynamiclinker is not setup to find this
library. V IEWMOL needsthefollowing dynamiclibraries:

libtiff.so.3
libGLU.so.1
libGL.so.1
libXm.so.2
libXp.so.6
libXi.so.6
libXext.so.6
libXt.so.6
libX11.so.6
libpthread.so.0
libdb.so.3
libutil.so.1
libdl.so.2
libm.so.6
libc.so.6
libjpeg.so.62
libz.so.1
libSM.so.6
libICE.so.6
libXmu.so.6
/lib/ld-linux.so.2

These libraries can normally be found in /lib, /usr/lib, and
/usr/X11R6/lib. The dynamic linker checks the major version number and will refuse
any library wherethe major versionnumberdoesnot match. The minor versionnumberdoesnot
matter. The dynamiclinker hasto be setup to searchthe directorieswhich containtheselibraries.
This is donein thefile /etc/ld.so.conf. After modifying this file runldconfig -v asroot.
Alternatively, theenvironmentvariableLD_LIBRARY_PATH canbesetto point to thesedirectories.

3. After thesplashscreenappearson Linux V IEWMOL stopswith asegmentationfault
Segmentationfaultsoccurreproduciblyfor certainoperationsonLinux
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Thereis a compatibility problemwith a library, usually libc. Unfortunately, thereareso many dif-
ferent library versionsin useamongthe different distributions, that thereis a good chanceto run
into problems.If it is impossibleto usetheexactsamedistribution V IEWMOL wascompiledon (see
README file), recompilationusuallyhelps.

4. V IEWMOL on Linux reportsonstartup:
viewmol: Symbol ’jpeg_resync_to_restart’ is not
defined.
Therearetwo differentversionsof libtiff.so distributedwith differentLinux distributions.One
containsjpeg code(Debian)the otherdoesn’t (RedHat). V IEWMOL hasnow beenlinked with the
versionwhich doesnot containjpeg codeso that this errorwill probablynot occuranymore. If this
erroroccursonly a recompilationwill help.Pleasenotify themakerof yourLinux distribution sothat
they canmake theirdistribution compatible.

5. WhenI try to recompileV IEWMOL I geta lot of errormessages:

cc -c -Wall -DLINUX -I/usr/compat/linux/usr/include/GL/
-I/usr/compat/linux/usr/include/gr/ -O6 -m486
-fomit-frame-pointer
../annotate.c
../annotate.c:19: X11/StringDefs.h: No such file or directory
../annotate.c:20: X11/cursorfont.h: No such file or directory
../annotate.c:21: Xm/Xm.h: No such file or directory
../annotate.c:22: Xm/Text.h: No such file or directory
In file included from ../annotate.c:24:
../viewmol.h:20: X11/Intrinsic.h: No such file or directory
../viewmol.h:21: GL/gl.h: No such file or directory
../viewmol.h:22: GL/glx.h: No such file or directory
*** Error code 1

To recompileV IEWMOL you needto install X windows and OpenGLdevelopmentenvironments
which, in mostLinux distributions,areseparatepackages.In thiscaseyouaremissingall X windows
andOpenGLheaderfiles. You alsoneedthe developmentenvironmentof Lesstif or Motif for all
headerfiles in /usr/include/Xm.

6. While trying to recompileV IEWMOL thelink stepfailswith:

ld:
Unresolved: __eprintf

*** Error code 1 (bu21)

or asimilarmessagereferringto __eprintf (encounteredonSGIsandIBMs sofaronly). Thereis
aproblemwith theTIFF library youarelinking with. If youhave built thelibrary yourselfmake sure
it wasbuilt on thesamemachineaswhereyou try to link V IEWMOL. If youhavebeentrying to usea
vendorsuppliedversionof theTIFF library try to downloadandcompilethelibrary yourself.
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17 History, Authors, and Contrib utors

V IEWMOL startedits life somewherein 1991 as a tool to draw IR andRamanspectrafrom Turbomole
outputs. Sincedrawing only spectrasoonturnedout to be insufficient for writing a PhD thesis,capa-
bilities wereaddedto draw the moleculeandanimatenormalmodes. Sinceotherpeoplein the Arbeits-
gruppeQuantenchemieanderHumboldt-Universiẗat zu Berlin, Max–Planck–Gesellschaftgot interestedin
the programandwantedextensionsfor otherprogram’s outputAndreasBünger(a then16 yearold high
schoolstudenton a practicalcoursein the group)andAndreasBleiber startedto write an input filter for
GAUSSIAN 9X. Arne Dummerwrote a filter for DMOL. In the courseof the researchperformedin the
groupothercapabilitieswereasked for andaddedby the original authorsandby MariannKrossner(cal-
culationof inelasticneutronscatteringintensities)andAndriesdeMan (extensionof GAUSSIAN 9X input
filter to readdensity functional outputs). Version1.2 was presentedat the German/AustrianAcademic
Software Award competitionin 1993 and honoredas outstandingachievement(cf. http://www.ask.uni-
karlsruhe.de/asksam/sampages/htmltxt/viewmol.html). With theadventof Linux it wasrecognizedthat the
original Fortran/IrisGLversionwould be difficult to port to moreaffordablehardware. Version2.0 of the
programwasa completerewrite in C/OpenGLby Jörg-RüdigerHill now mainly doneon a Linux system.
Developmentof the programcontinueson Linux usingBrian Paul’s terrific implementationof OpenGL,
Mesa.

Contributions,mainly in form of bug reports,codesnippets,andenhancementrequestshave comefrom a
numberof people.In noparticularorder(andhopefullywithout forgettingsomebody)I wantto thank:

� GeorgeP. Ford (gford@smu.edu)

� DanMoensterJensen(Dan.M.Jensen@uni-c.dk)

� JohnNicholas(jb nicholas@pnl.gov)

� KonradHinsen(hinsen@ibs.ibs.fr)

� Marc Pedulla(pedulla+@pitt.edu)

� Stanislav Bohm(Stanislav.Bohm@vscht.cz)

� RinaldoPoli (poli@u-bourgogne.fr)

� Martin Brändle(braendle@inorg.chem.ethz.ch)

� Martin G. Scḧutz (schuetz@theochem.uni-stuttgart.de)

� Ödön Farkas(farkas@para.chem.elte.hu)

� PeterPulay(pulay@comp.uark.edu)

� M. FabienGutierrez(gutierre@irsamc1.ups-tlse.fr)

� Eric I. Arnoth (earnoth@UDel.Edu)

� PedroA. M. Vazquez(vazquez@iqm.unicamp.br)

� KeithRefson(Keith.Refson@earth.ox.ac.uk)

� PabloVitoria Garcia(qibvigap@lg.ehu.es)
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� Andrew Dalke (dalke@bioreason.com)

� MarcusGastreich(ghost@pcgate.thch.uni-bonn.de)

� FrankSchneider(uzs93a@uni-bonn.de)

� StephenP. Molnar (smolnar@jadeinc.com)

� MichaelBootz(bootz@cup.uni-muenchen.de)

� David Haring(dave@ibp.cz)

� Ulf Ryde(Ulf.Ryde@teokem.lu.se)

� DermotBrougham(Dermot.Brougham@dcu.ie)

� ShinIck-Dong(a9523303@chunma.yu.ac.kr)

� Drew Parsons(dparsons@emerall.com)

� BernardDelley (bernard.delley@psi.ch)

� NelsonHenriqueMorgon(morgon@canario.iqm.unicamp.br)

I alsohave to thankMark J. Kilgard (mjk@sgi.com)andBrian Paul (brian paul@avid.com)who posteda
numberof thealgorithmsusedin V IEWMOL on theInternet.

Translationsof V IEWMOL’s interfaceto otherlanguageshave beenprovidedby:

� French:Ludovic Douillard (douillard@DRECAM.cea.fr)

� Spanish:JoseR. Valverde(jrvalverde@cnb.uam.es)
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