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1 Purpose

V IEWMOL is a graphicalfront end for computationalchemistryprograms. It is
ableto graphicallyaid in thegenerationof molecularstructuresfor computations
andto visualizetheir results.Theprogram’s capabilitiesinclude:

� Building andeditingof molecules

� Visualizationof thegeometryof a molecule

� 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

� Drawingsgeneratedby V IEWMOL canbesavedasTIFF, HPGL,orPostScrip-
t files

� Animationsof normalmodescanbeconvertedto a videofile (MPEG),e.g.
for inclusioninto World WideWebdocuments(requiresadditionalprograms
availableon theInternet)

� Interfaceto thefreewareray tracingprogramRAYSHADE (input file genera-
tion anduseof RAYSHADE from within V IEWMOL)

� Inputandoutputin avarietyof formats,new formatscanbeaddedeasilyby
theuser

At presentV IEWMOL includesinputfiltersfor DISCOVER, DMOL, GAUSSIAN

9X, GULP, MOPAC, andTURBOMOLE outputsaswell asfor PDBfiles(V IEWMOL

is thereforesuitedasa viewer for structuraldataon theWorld Wide Web). Struc-
turescanbesavedasMSI car-files,MDL files,andTURBOMOLE coordinatefiles.
V IEWMOL’s file formathasbeenaddedto BABEL sothatBABEL canserve asan
input aswell asanoutputfilter for coordinates.

V IEWMOL supportsaspaceball asinput device.
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2 Copyright

V IEWMOL is copyright c
�

1996-99by Jörg-RüdigerHill. All rightsreserved. Per-
missionto use,copy, anddistribute V IEWMOL in its entirety, for non-commercial
and non-military purposes,is herebygrantedwithout fee, provided that this li-
censeinformationand copyright noticeappearin all copies. If you redistribute
V IEWMOL, the entire contentsof this distribution mustbe distributed, including
theREADME, thesources,examples,andthecompletecontentsof theman direc-
tory. Licensesfor commercialusecanbeobtainedfrom theauthor.

Modificationof thesourcecodeis permitted.If new inputfiltersto readoutputs
of otherprogramsor othervaluablefeaturesareaddedor a bug is fixedtheauthor
wouldwelcomeif theadditionsis madeavailableto him for inclusioninto thenext
official releaseof V IEWMOL.

THE MATERIAL EMBODIED ON THIS SOFTWARE IS PROVIDED TO
YOU ”AS-IS” AND WITHOUT WARRANTY OF ANY KIND, EXPRESS,IM-
PLIED OR OTHERWISE, INCLUDING WITHOUT LIMIT ATION, ANY WAR-
RANTY OF MERCHANTABILITY OR FITNESSFORA PARTICULAR PUR-
POSE.IN NO EVENT SHALL THE AUTHOR BE LIABLE TO YOU OR ANY-
ONEELSEFORANY DIRECT, SPECIAL,INCIDENTAL, INDIRECT ORCON-
SEQUENTIAL DAMAGESOF ANY KIND, OR ANY DAMAGESWHATSO-
EVER, INCLUDING WITHOUT LIMIT ATION, LOSSOF PROFIT, LOSSOF
USE, SAVINGS OR REVENUE, OR THE CLAIMS OF THIRD PARTIES,
WHETHER OR NOT THE AUTHOR HAS BEEN ADVISED OF THE POSSI-
BILITY OF SUCHLOSS,HOWEVER CAUSEDAND ON ANY THEORY OF
LIABILITY , ARISING OUT OF OR IN CONNECTIONWITH THE POSSES-
SION,USEOR PERFORMANCEOF THIS SOFTWARE.

V IEWMOL shallbequotedasfollows:

ProgramV IEWMOL, Version2.2.1,Jörg-RüdigerHill, 1999.

V IEWMOL hasbeenthoroughlytestedonthecomputersystemsmentionedbe-
low, but it cannotbeexcludedthatthereareany furtherbugs.

Please,reportbugsto: jrh@qc.ag-berlin.mpg.de

V IEWMOL containscodewhich is c
�

Copyright 1993,Silicon Graphics,Inc.,
ALL RIGHTSRESERVED. Thefollowing paragraphis requiredfor this codeand
refersto thiscodeonly.

Permissionto use,copy, modify, anddistribute this softwarefor any purpose
andwithout feeis herebygranted,providedthattheabove copyright noticeappear
in all copiesandthatboth thecopyright noticeandthis permissionnoticeappear
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in supportingdocumentation,andthat the nameof Silicon Graphics,Inc. not be
usedin advertisingor publicity pertainingto distribution of thesoftwarewithout
specific,written prior permission.

3 Installation

V IEWMOL 2.2.1wasdevelopedon a PentiumnotebookrunningLinux usingBri-
an Paul’s OpenGLcompatiblelibrary Mesa. It also compileswith OpenGL���
without any problems.V IEWMOL hasbeenportedto Silicon Graphicscomputers,
IBM RS/6000,DECAlpha,Suns,andHewlett Packard9000/735.SinceMesaruns
on any machinewhich hasX windows it shouldbepossibleto run V IEWMOL on
any machinewhich supportsX windows. However, for bestperformancea native
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)

� IBM: AIX 4.1

� SGI: IRIX 6.3

� DEC Alpha: OSF1V4.0 (testedonly with Mesa;courtesyof PabloVitoria
Garcia,qibvigap@lg.ehu.es)

On theseoperatingsystemsthe programwastested. Othersmay alsowork, but
this is not certified. Previousversionsof V IEWMOL have alsobeentestedon the
following systems:

� HP:HP–UX9.5(testedonly with Mesa),

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

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

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

V IEWMOL 2.2.1is provided precompiledfor a numberof architectures.Pre-
compiledbinariesarepackagedseparatelyfrom source,documentation,andexam-
ples:
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� x86 Linux, dynamically linked with Lesstif in
viewmol-2.2.1.bin.lesstif.tgz and statically linked with Mo-
tif in viewmol-2.2.1.bin.static.tgz (requiresglibc2 distribution
like RedHat��� 5.0or Debian ��� 2.0)

� SGI IRIX 6.3 in viewmol-2.2.1.bin.IRIX.tgz

� IBM RS6000AIX 4.1in viewmol-2.2.1.bin.AIX.tgz

� DECAlphaOSF1in viewmol-2.2.1.bin.OSF1.tgz

V IEWMOL canbedownloadedfrom:

� ComputationalChemistryList archive (USA)
file://ftp.osc.edu/pub/chemistry/software/SOURCES/
C/viewmol

� AkademischeSoftwareKooperationKarlsruhe(Europe)
file://ftp.ask.uni-karlsruhe.de/pub/education/chem-
istry

Thesourcecodeandtheprecompiledbinariesfor Linux will alsobeavailablefrom
Sunsite(USA) or your friendly neighbourhoodmirror
file://sunsite.unc.edu/pub/Linux/apps/graphics/visuali-
zation

BeforeinstallingV IEWMOL youneedto makesurethatthefollowing libraries
areavailable:

� OpenGLor Mesa(libGL.so,libGLU.soor libMesaGL.so,libMesaGLU.so)
This is probablyonly relevant for installationson Linux. Most Linux distri-
butionsnow includeMesa.

� Motif or Lesstif(libXm.so)
This is probablyonly relevant for installationson Linux andonly if you in-
tend to use the dynamically linked version. Lesstif can be found at
http://www.lesstif.org/.

� TIFF library (libtif f.so)
Linux distributions includethis library. On Silicon Graphicsthis library is
installedif theifl_eoe andifl_dev packageshave beeninstalled.For
othersystemsyouneedto obtainandcompilethis library (e.g. from sgi.com
undergraphics/tiff/tif f-v3.4-tar.gz)
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Installationof the programis simple. V IEWMOL comesas gzippedtar file,
viewmol-2.2.1.src.tgz. Unzip and untar it using gunzip
viewmol-2.2.1.src.tgz andtar -xvf viewmol-2.2.1.src.tar.
You get threesubdirectories,source, man, andexamples, four resourcefiles
(English,German,Russian,French),Xdefaults.*, and the configurationfile
viewmolrc. Copy all files you got into anarbitrarydirectory. If you wantto in-
stallprecompiledbinaries,downloadtheappropriatefile for youroperatingsystem
andunpackit from the samedirectoryyou unpacked the sourcecode. This will
createa subdirectoryin the sourcedirectorywhich holds the binaries(the name
of this directorystartswith thenameof your operatingsystemasyou get it from
uname -s andmay containa CPU specificending). If you run the supported
operatingsystemsyou have to set the environmentvariable$VIEWMOLPATH to
point to thedirectorywhereyouunpackedV IEWMOL (thecompiled-indefault for
VIEWMOLPATH is /usr/local/lib/viewmol) andthe installationis com-
plete. Otherwiseyou have to recompilethe program(cf. p. 6). The program
usesdynamicalmemoryallocationsothatevery sizeof amoleculecanbehandled
whichfits thehardwarelimits of your workstation.

Theinstallationdirectoryalsocontainsa file viewmolrc. You might have a
look into thisfile andadaptit to yourneeds.Theformatis describedatpage40. In
generalthedefaultsshouldwork fine.

V IEWMOL usesby default Englishaslanguage,but it hasbeenwritten sothat
other languages can easily be used1. The distribution contains files
Xdefaults.<language> which contain all the programmessages,menus,
dialog boxes etc. in other languages(currently English, German,Russian,and
French).If youwantto useadifferentlanguagefor asystemwideinstallation,copy
the correspondingXdefaults.<language> file to your applicationsdefault
directory(usually/usr/lib/X11/app-defaults) andrenameit to View-
mol. If you want to usea different languageonly for someusers,instruct them
to configurethelanguagethroughV IEWMOL’s Configuration menu.V IEW-
MOL will runwithoutany of theXdefaults.<language> files installed.Soif
youarehappy with Englishandwantto changeonly a few settingsyoudon’t need
to install any of theXdefaults.<language> files.

V IEWMOL needsa few externalprogramsfor someof its functions.Onceyou
have installedV IEWMOL andsetVIEWMOLPATH, you canstartV IEWMOL, press
Cancel in the file selectionbox which will appear, and pressthe right mouse
button in theblue V IEWMOL window. A popupmenuwill appearwherethe last
but oneoptionisConfiguration .... Choosingthisoptiondisplaysadialog

1The manualassumesthat the English versionof V IEWMOL is used. The shortcutsfor other
languagesaredifferent,but obviousin themenus.
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whereyoucansetpathnamesto four externalprograms.Theseare(includingtheir
defaults)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 theseprogramareinstalledandcanbe found in your pathV IEWMOL will au-
tomaticallydisplaythecorrectpathnamesin thedialog. The%s is a placeholder
for thefile nameandis requiredfor programswhichusecommandline arguments.
Onceyou have setthesepathnames,chooseSave from thebuttonsin thedialog
andthesesettingswill bestoredpermanentlyin $HOME/.Xdefaults.

4 Compilation

V IEWMOL 2.2.1hasbeenwritten in C. For compilationof V IEWMOL you need
a C compiler. TIFF files aresupportedby thefreely availableTIFF library which
is alsonecessaryto compiletheprogram.It canbefoundon many ftp sites,e. g.
at sgi.comundergraphics/tiff/tif f-v3.4-tar.gz. If you want to link V IEWMOL with
Mesainsteadof with OpenGLyouwill needMesa(http://www.mesa3d.org/).

Linux usersneedMotif to compileandrun theprogram(if theprogramcom-
plains about”viewmol: can’t load library ’libXm.so.1’” Motif
is missing).ThefreewareMotif cloneLesstif(http://www.lesstif.org/) canbeused
with Viewmol startingwith version0.81. Thereare,however, someglitcheswith
Lesstif(e.g. shortcutsdon’t work).

If youwantto recompiletheprogramandyouarerunningoneof thesupported
operatingsystems(thismaybenecessaryonIBM workstationssincetheformatsof
theexecutablesarenotcompatiblebetweendifferentreleasesof AIX – don’t worry,
IBM didn’t) you maytypemake (this tries to build V IEWMOL usingOpenGLon
all operatingsystemsexcept on Linux and FreeBSD,to build using Mesatype
make viewmol_mesa; make tm bio readgauss readmopac). The
shell scriptgetmachine determinesthe operatingsystemyou arerunningand
setssomeoptionsfor thecompiler. If this doesnot work you shouldhave a look
into theMakefile. Theoptionssetareexplainedthere.They arethefollowing:

� OPT
Theoptimizationflag for your compiler(on Linux -O6 -mpentium, re-
quiresPentiumawaregcc,e.g. egcs;-O2 else).

2MolochmaybecalledTurboPROPif you got TURBOMOLE from MolecularSimulationsInc.
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� CFLAGS
Additional flags for C compiler, usedto handlespecialoptimizationsand
someincompatibilitiesbetweendifferentUnix versions.

� LDFLAGS
Additionalflagsneededfor linker, currentlyonly usedfor SGI to distinguish
betweendifferentlibrary versions.

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

� LIBRARY
Thepathto theadditionallibrariesrequired.Theseareat leastlibtif f andin
caseof a compilationwith MesatheMesalibraries(thescriptaskstheuser
for thesepathsat thebeginning, thereis really no needto changeanything
in thefile here).

� LIBS
The librariesneededto link V IEWMOL. They maydiffer betweendifferent
operatingsystemsandarealsodifferentfor OpenGLandMesacompilations,
respectively.

Thegetmachine shellscriptwill askyou for thepathnamesto theTIFF library
andto the includefiles necessarywith this library. If you compilewith Mesathe
scriptwill alsoaskyou for thelocationof theMesalibrariesandincludefiles. You
mayspecifythesepathnamesusingenvironmentvariablesif you put thenameof
thevariablein parentheses(e.g. $(HOME)). Thesepathnamesareassignedto the
LIBTIFF,TIFFINCLUDE,MESALIB, andMESAINCLUDE flagsandstoredin a
file .config.<OS> where<OS> is theoutputof theuname -s commandon
yourmachine.If this file alreadyexists,getmachine doesnotaskfor thesepath
names.

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

The make procedurewill build the programin a directory whosenamede-
pendson the operatingsystemandtype of CPU you areusing. You will find all
executablesin this directory. After compilationfollow thestepsunderInstallation
to completetheinstallation.
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5 Synopsis

V IEWMOL canbecalledasfollows:

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

V IEWMOL hasanautomaticfile formatdetectionalgorithmbuild in andshould
beableto identify outputfilesof theprogramssupportedwithoutuserintervention.
If V IEWMOL is calledwithout parametersit will bring up a file selectionbox to
selectthefile to beviewed.

If theoption-bio is usedthefile nameof aDISCOVER file hasto bespecified.
Onecanusethe.car, the.cor, or the.arc file of DISCOVER. V IEWMOL also
looks for a file with the extension.hessian and tries to readthe vibrational
spectrumfrom it, if it wasfound.

If theoption-dmol is usedthefile nameof aDMOL/DSOLID/DMOL � output
file hasto bespecified.

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

If the option -gulp is usedthe file nameof a GULP output file hasto be
specified.

If the option -mopac is usedthe file nameof a MOPAC output file hasto
be specified.V IEWMOL alsolooks for a file with the extension.gpt andreads
informationaboutbasissetsandMOsfrom it, if it wasfound.

If theoption-pdb is usedthefile nameof aPDB file hasto bespecified.
If the options-tm or -tmmsi areusedthe file nameof a TURBOMOLE file

containingat leastthedatagroup$coord hasto bespecified.-tm readstheorig-
inal TURBOMOLE outputwhile -tmmsi allows V IEWMOL to readTURBOMOLE

outputsfrom the TURBOMOLE versiondistributedby MSI (theonly differenceis
theorderingof thenormalmodesin thecontrol file).

6 Usageand Operating Modes

6.1 Data ReadFrom Input Files
� TURBOMOLE

Theprogramreadsthefollowing datagroupsfrom thecontrol file:

– $atoms

– $basis

8



– $pople
Thebasisfunctionsarereadfrom thesedatagroups.Thesedatawill be
readonly if they areavailable.

– $closed shells
This datagroupis readto determinewhich molecularorbitalsareoc-
cupied.Thedatais necessaryfor thecalculationof electrondensities.
Currently, noopenshellsystemscanbehandledby V IEWMOL.

– $coord
Thecartesiancoordinatesof themoleculecalculated.This datagroup
mustbeavailable.

– $grad
The cartesiancoordinatesandgradientsof all previous stepsof a ge-
ometryoptimization.Thisdatagroupwill bereadonly if it is available.

– $scfmo
Thesymmetrylabels,energies,andMO coefficientsarereadfrom this
datagroup. Thesedatawill bereadif they areavailableandif thefile
containseitherconvergedor first ordermolecularorbitals.

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

– $title
The title of the calculation. This datagroupwill be readonly if it is
available.

– $vibrational spectrum

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

� GAUSSIAN 9X

Gaussianoutputfilesarefirst checkedfor theoccurrenceof thestringEnter-
ing Gaussian System. If it is found thenecessarydataarecollected
from this file. To usethe wave function relatedtopics in V IEWMOL with
GAUSSIAN outputsGAUSSIAN mustrunwith GFPRINT andIop(5/33=1)3

to print basissetandMO coefficients. Due to the vastly differentoutputs
createdby the GAUSSIAN 9X seriesof programs,it is not guaranteedthat
a particularoutputcanbe successfullyread. The commontypesof output

3GAUSSIAN98 seemsto have a bug with respectto this option– no MO coefficientsareprinted
anymore.UseIop(5/33=2)insteadwhich,unfortunately, alsoprintsthedensitymatrix.
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have beentested,but non-default routesthroughthe programmight have
generatedoutputwhichcannotberead.

� DISCOVER

The file names for DISCOVER files can be file_name.car,
file_name.cor, or file_name.arc. Thebasenameis usedto con-
structthefile namefile_name.hessian (thefile with frequenciesand
normalcoordinates).All necessarydataareextractedfrom thesefiles.

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

� PDBfiles
Only the cartesiancoordinatesandatomicsymbolsarereadfrom this file,
theconnectivity informationis ignoredandwill bedeterminedby V IEWMOL

itself.

� MOPAC

V IEWMOL first checksfor the presenceof a file with the extension.gpt
andthesamebasenameasthe MOPAC outputfile. This file is generatedif
MOPAC hasbeenrun with thekeywordGRAPH. If sucha file is foundcoor-
dinates,basisfunctions,andMO coefficientsarereadfrom this file. If such
a file doesnot exist, coordinatesarereadfrom theMOPAC outputfile under
the headerCARTESIAN COORDINATES. Finally, vibrational frequencies
andnormalmodesarereadfrom theMOPAC outputfile, if present.

6.2 The Main Window

Theprogramdisplaysthemoleculeaccordingto thecoordinatesin themainwin-
dow. Following manipulationsarepossible(cf. Figure1):

� Holdingdown theleft mousebuttonandmoving themousehorizontally
Thisrotatesthemolecule,theview point,or a light sourcearoundthey axis.

� Holdingdown theleft mousebuttonandmoving themousevertically
Thisrotatesthemolecule,theview point,or a light sourcearoundthex axis.

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

All rotationsarecarriedout in amoleculefixedcoordinatesystem.
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� Holding down oneof the shift keys andthe left mousebutton andmoving
themouse
Thismoves(translates)themoleculeor anannotation.

� Holding down oneof the shift keys andthe middle button andmoving the
mouse
Thescalingof themoleculeis changed.

� Pressingthecursorkeys for moving up 	�
�� or down 	���
Thescalingof themoleculeis changed.By pressing	�
�� themoleculewill
beenlargedandby pressing	��� themoleculewill bemadesmaller.

� Clicking on anatomwith theleft mousebutton
Thisselectsthisatom,youwill hearabeep.If youhaveclickedononeatom
andthenpressedthe right mousebutton, theaverageof all bondlengthsat
this atomis displayed.If you have clicked on two atomsandthenpressed
theright mousebutton, thedistancebetweenthesetwo atomsis displayed.
If you have clickedon threeatomsandthenpressedtheright mousebutton,
theanglebetweenthesethreeatomsis displayed.If youhaveclickedonfour
atomsandthenpressedthe right mousebutton, the torsionanglebetween
thesefour atomsis displayed.To deletethedisplayedvaluesuseeitherthe
Geometry menuitems or repeatthe stepsabove. Clicking with the left
mousebuttononanatommaybealsonecessaryfor settingor selectingsome
atomspecificvalues(vide infra).

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

� Pressingtheright mousebuttonwithout clicking on anatombefore
A menuwill appear. Themenucontainsthefollowing topics(thekey com-
binationin parenthesescanbeusedasashortcutin theEnglishversion):

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

Bringsupafile selectionbox to loadamolecule.
� Savemolecule...

Bringsupaformatselectiondialogandafile selectionboxto save
thecurrentlyselectedmoleculeto file. Outputformatsaresupport-
ed throughexternalfilters (similar to the input filters) andcanbe
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installedusingoptionsin theviewmolrc file (cf. p. 40). Coordi-
natesandbondinformationarepassedto thecorrespondingoutput
filter whichwritesthefile. Currently, theonly outputformatspro-
videdareMSI car-files,MDL mol-files,andTURBOMOLE.
� Deletemolecule...

Deletesthecurrentlyselectedmolecule.
� New molecule...

Brings up the moleculeeditor and startsthe building of a new
molecule(cf. p. 33).
� Modify molecule...

Bringsup themoleculeeditorto modify anexisting molecule(cf.
p. 33).

– Selectmolecule
Providesa submenuwith the namesof all moleculescurrently load-
edandan item All andcanbe usedto changethecurrentlyselected
molecule.Otherpossibilitiesto selectamoleculeconsistof clicking on
themolecule(preferablywhile holdingtheshift key down) or pressing
theTab key, which cyclesthroughall entriesin theSelect mole-
cule submenu.

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

– Stickmodel(Alt+T)
Themoleculewill bedrawn with sticks.

– Ball andstickmodel(Alt+A)
Themoleculewill bedrawn with ballsandsticks.

– CPKmodel(Alt+C)
Themoleculewill bedrawn with CPKs.

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

If this topic is selectedall labelsof bondlengths,bondangles,and
torsionanglesaredeleted.
� Clearlast(Ctrl+L)

If this topic is selectedthe labelof a bondlength,bondangle,or
torsionanglecreatedlastis deleted.
� Undogeometrychange(Ctrl+U)

If this topic is selected,thelastgeometrychange(cf. p. 33) is re-
versed.All geometrychangesarebufferedin theundobuffer and
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Figure2: Thedialogbox for settingoptionsfor bonds.

canbe reversedoneby oneby repeatedlyusingthis menuitem.
Geometrychangescanalsobereversedthroughthemoleculeedi-
tor.

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

All bondsaredrawn assinglebonds.
� multiple

V IEWMOL determinesthe bondorderfor eachbondconsidering
connectivity andelementsonly (only the following elementsare
usedin thedeterminationof bondorders:H, C, N, O, F, Si, P, S,
Cl, Ge,Br, I). V IEWMOL thendraws bondswith thecorrespond-
ing bondorder. Bondorderscanalsobechangedin themolecule

14



editor.
� conjugated

V IEWMOL determinesbondordersasfor the”multiple” option. It
thendetermineswhethermultiplebondsareconjugatedanddraws
them as such. This is the default, but can be overwritten using
resources(seep. 43).
� Show hydrogenbonds

This button togglesthe display of hydrogenbonds. Hydrogen
bondsaredeterminedautomaticallyby V IEWMOL basedonadis-
tancethreshold.
� Thresholdfor hydrogenbonds[Ang]

This slider can be usedto set the distancethresholdfor the au-
tomatic determinationof hydrogenbonds. A hydrogenbond is
shown if thedistancebetweena hydrogenatomandanotheratom
is largerthanthesumof theirradii, but smallerthanthisthreshold.
Thedefault is 2 Å.
� Scaleradiusfor all atomsby

This menuandtheslider beneathit canbe usedto scalethe Van
derWaalsradiusfor anelement.SincetheVanderWaalsradius
determinestheconnectivity of theatomsin themolecule,changing
it will alsochangetheconnectivity. Theoptionmenucanbeused
to selectwhich elementto scaleand the slider allows to set the
scalingfactor.

– Wave function... (Alt+V)
Thedialogbox shown in Figure3 is presented.This topic is currently
only available with TURBOMOLE, GAUSSIAN, and MOPAC outputs,
and even then only if MO coefficients and basisfunctionscould be
readin andif thecalculationwasclosedshell. If TURBOMOLE output
is usedandthepoint groupof themoleculein $symmetry is not C � ,
TURBOMOLE’s molochprogrammustbe available(vide supra,p. 6)
andonly basisfunctions,occupiedMO’s,andelectrondensitiescanbe
drawn in this case.SinceTURBOMOLE canhandleup to g functions
andGAUSSIAN canhandleupto f functionsthesamelimitationsapply
to V IEWMOL.

If any wave function relateddrawing is displayedand the grid reso-
lution is changedthe drawing disappearsandthe recalculationhasto
beexplicitly demandedby selectingthis menuitem again,sincelarge
moleculesrequiresignificanttime for the recalculation.At the top of
thisdialogboxarefivebuttonswhichcanbeusedto selecttheproperty
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Figure3: Thedialogbox for settingoptionsfor wave functionrelatedtopics.
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whichshallbeshown.
� All off

Thistopicdisablesthedrawing of any wavefunctionrelatedtopic.
This is thedefault.
� Basisfunction

Thistopicallowsdrawing of basisfunctions.After selectingit and
closingthewave functiondialogV IEWMOL promptsfor anatom
in its mainwindow. Clicking on anatomwith theleft mousebut-
ton will presenta dialogbox with all basisfunctionscenteredon
this atom.After selectingoneof this basisfunctionsandpressing
theOK buttonthecorrespondingbasisfunctionwill bedrawn.
� Basisfunctionin MO

Thistopicallowsdrawing of basisfunctionsmultipliedby thecor-
respondingcoefficient in a molecularorbital. This topic works
similarto thepreviousone,exceptthatthemenuwill show theMO
coefficientsin front of all basisfunctions.If no molecularorbital
hasbeenselectedin the MO energy diagramwindow a warning
messagewill bedisplayed.
� Molecularorbital

This topic allows thedrawing of amolecularorbital. If no molec-
ular orbital hasbeenselectedin theMO energy diagramwindow
awarningmessagewill bedisplayed.
� Electrondensity

This topicallows thedrawing of thetotalelectrondensity.

Next to thesebuttonsthereis a slider which canbeusedto selectthe
valueof the isosurfaceusedto draw thepropertyselected.Following
thisslideranotherthreebuttonsallow theselectionof theinterpolation
methodusedin drawing theproperty.
� None

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

A linear interpolationis donebetweengrid points. This givesa
muchsmoothersurface.
� Logarithmic

A logarithmicinterpolationis donebetweengrid points.This im-
provesthequalityof drawing further.

The default is linear, but this can be overwritten in the resourcefile
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(vide infra, p. 43). Following is anothersliderwith canbeusedto set
theresolutionof thegrid. As higherthenumberselectedhereasfiner
thegrid andassmoothertheresultingsurface,but thecalculationtime
goeswith the third power of this number. Default is 10, but this can
beoverwrittenin theresourcefile (vide infra, p. 43). At thebottomof
thedialogbox is a togglebuttonwhich canbeusedto turn automatic
recalculationof MOs etc. on whenever the energy level is changed.
Sincethesecalculationscanbequitetimeconsuming,thisbuttonis off
by default, but this canbe overwrittenin the resourcefile (vide infra,
p. 43).

– Energy level diagram(Alt+E)
A new window will appearwhichshows thecalculatedenergiesof the
MOs in an energy level diagram. This topic is only available using
DMOL, GAUSSIAN 9X, MOPAC, or TURBOMOLE outputs. In TUR-
BOMOLE outputsthedatagroup$scfmo mustbeavailable.

– Optimizationhistory(Alt+O)
A diagramis plotted in a secondwindow which shows the energies
andgradientnormsof thegeometryoptimization.With thecursorkeys
for moving to the left 	���� andto the right 	���� onecanseehow
the geometryoptimizationworks. Alternatively, the red crosscanbe
draggedwith themouse.

– Show forces(Alt+F)
The calculatedforcesactingon the atomsaredrawn asarrows. This
topic is not availableusingDISCOVER outputs. The topic is alsonot
available,if no forceswerefoundfor thecurrentcoordinates.

– Spectrum(Alt+S)
A new window will appearwhichshowsthecalculatedspectrumfor the
molecule.This topic is only availableif a force constantscalculation
hasbeenperformed.

– Unit cell (Alt+N)
The dialog box shown in Figure 4 is displayed. The first button,
visible, allows to turn the displayof the unit cell on or off. The
threesliderscan be usedto increaseor decreasethe numberof unit
cellsdisplayedin eachcrystallographicdirection. By default between
oneandfiveunit cellscanbeselected.

– Show ellipsoidof inertia(Alt+I)
Thedisplayof theellipsoidof inertiais toggled.
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Figure4: Thedialogbox for modifying theunit cell.

– Drawing modes... (Alt+M)
Thedialogboxshown in Figure5 is provided:
� with dots

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

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

Drawing of sticks,balls,CPKsand/ormolecularorbitalsis done
with an opaquesurfacewhich hasthe propertiesdefinedin the
viewmolrc file (thesepropertieshold for sticksaswell as for
ballsor CPKs).
� Lineswhile rotating

If this optionis selectedthedrawing of themoleculewill bedone
with linesduringtranslationsandrotations.Thisspeedsupmove-
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Figure5: Thedialogbox for settingoptionsfor drawing style.
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mentsonlow-endgraphicssystems.Thedefault is on,but thiscan
bechangedin theresourcefile.
� Orthographicprojection

Themoleculeis drawn usinganorthographicprojection.
� Perspective projection

Themoleculeis drawn usinga perspective projection. This kind
of projectionresemblesmorecloselytheway thehumaneye per-
ceivesthings.
� Movemolecule

If this button is selectedall translationsandrotationscarriedout
with themouseacton thecurrentlyselectedmolecule.
� Moveview point

If this button is selectedall translationsandrotationscarriedout
with themouseacton theviewpoint. Thisoptionis only available
if perspectiveprojectionis used.Moving theview pointallowsthe
userto move into amolecule.
� Move light 1

If this button is selectedall translationsandrotationscarriedout
with themouseacton light 1.
� Move light 2

If this button is selectedall translationsandrotationscarriedout
with themouseacton light 2.
� Lightson/off, Light 1
� Lightson/off, Light 2

Thesetwo button canbe usedto switch lights on andoff. Light-
s have only an effect if the drawing modeis ”with surface” and
eitherthestick,ball-and-stick,or CPK modelis selected.
� Resolutionof spheres

Thenumberof polygonsusedfor thedrawing of sticks,ballsand/or
CPKs is changed. A higher value makes the surfacesmore s-
moothlylooking,but alsodecreasesdrawing speed.A lowervalue
makesthesurfacesrougherlooking,but increasesdrawing speed.
� Line width

Theline width usedfor drawing themoleculeaswire framemodel
canbe selected.A value of 0 meansdynamicdeterminationof
the line width basedon thesizeof thewindow. This valueis the
default.

– Groundcolor (Alt+G)
The color editor appearsin a separatewindow which canbe usedto
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changethecolor of the groundif perspective drawing is enabled(see
descriptionof thecoloreditorbelow, p. 38).

– Backgroundcolor (Alt+B)
The color editor appearsin a separatewindow which canbe usedto
changethe backgroundcolor of the window (seedescriptionof the
coloreditorbelow, p. 38).

– Labelatoms(Alt+L)
Theatomsarelabeledwith atomsymbolsfrom input files. A number
countingtheatomsaccordingto theirorderin theinput is concatenated
to thesymbol.

– Annotate(Ctrl+N)
Usingthis topic annotationscanbecreatedin themainwindow. After
selectingthis topic the cursorturnsinto a text input cursor. Clicking
at any point in themainwindow now allows to enteranarbitrarytext
string.Pressing	 return� endstheannotationfunction.Existinganno-
tationscanbeeditedby simplyclicking on themor deletedby deleting
all charactersin thestring.Annotationscanbemovedin thesameway
asthemoleculecanbemoved: hold a shift key down, click on thean-
notationandmove themouse.Annotationssupporttheclipboard,i. e.
annotationscanbecut andpastedbetweenapplications.

– Savedrawing (Alt+D)
Thedialogboxshown in Figure6 is providedwhichcanbeusedto set
file formats,file namesandotheroptionsfor writing thedrawing to a
file.
� TIFF

Thecurrentdrawing of themoleculeis written out asa TIFF file.
The”TIFF compression”menupermitstheselectionof acompres-
sionalgorithm.If normalmodesareanimatedwhile this optionis
selectedaseriesof 20TIFF fileswill bewrittenout,eachcontains
a singleframeof theanimation.By usingstandardimagemanip-
ulation tools availableon the Internetit is possibleto generatea
videofile (MPEG)from theseTIFF fileswhichcanbeincludedin
multimediadocuments(vide infra, p. 40).
� HPGL

Thecurrentdrawing of themoleculeis written outasaHPGLfile
for plottingonaplotteroralaserprinter. Thistopicis notavailable
if thedrawing is donewith sticks,balls,or CPKsandsurfaces.
� PostScript

Thecurrentdrawing of themoleculeis writtenoutasaPostScript
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Figure6: Thedialogbox for settingoptionsto save a drawing

file. If this topic is selectedwhile thedrawing is donewith sticks,
balls, or CPKsandsurfacesa resolutionindependentPostScript
file for thedrawing is written, but sincePostScriptdoesnot pro-
vide a way to automaticallyremove hiddensurfacesthe drawing
maycontainsomeartifacts.Thealgorithmusedtriesto minimize
theseartifacts,but is not always completelysuccessful.Some-
timeschangingtheorientationof themoleculeslightly or increas-
ing theresolutionof thespheresmight help.
� Rayshade

The currentdrawing of the moleculeis written out as an input
file for RAYSHADE. This topic is only availableif thedrawing is
donewith sticks,balls,or CPKs. If molecularorbitalsaredrawn
this topic is only availableif theMO is drawn with a surface. If
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normalmodesareanimatedwhile thisoptionis selectedaseriesof
20 input files for RAYSHADE will bewritten out, eachcontaining
asingleframeof theanimation.
� Landscape
� Portrait

The orientationof the drawing on the pagecanbe chosenif the
drawing is writtenoutaseitheraHPGLor aPostscriptfile.
� TIFF compression

Canbe usedto selectthecompressionmodefor TIFF files. Due
to asoftwarepatenton theLZW compressionalgorithmthiscom-
pressioncanno longerbeprovided.
� File

Thenamefor thefile to begenerated.
� Select

Bringsup a file selectionbox to selectthenamefor thefile to be
generated.
� Papersize

Canbeusedto selectthepapersize.
� Paperwidth in mm
� Paperheightin mm

Inputuserdefinedpaperwidthandheight.Onlyavailableif ”Paper
size” is setto ”Userdefined”.

– Help/Manual(Alt+H)
This topic opensa window with the V IEWMOL manual.This topic is
only available if the file viewmol.html wasfound in the location
$VIEWMOLPATH/man.

– Configuration...
Thedialogboxshown in Figure7 is provided.At thetopof thisdialog

the languageV IEWMOL usesin its interfacecanbe selected.V IEW-
MOL loadsits languagespecificdatafrom filesXdefaults.<lan-
guage> from thedirectoryVIEWMOLAPATH pointsto. Thefour tex-
t input fields canbe usedto specify the location of helperprograms
V IEWMOL needsfor someof its operations.If thecorrespondingpro-
gramwasfoundin thepaththedialogboxwill alreadyshow thecorrect
information.If theprogramsspecifiedhereneedfile namesasparame-
ters,put%s asa placeholderfor thefile namein thecommand.

A thebottomis a buttonSave which allows the informationentered
in this dialogaswell assomeothersettingsto be storedasresources
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Figure7: Thedialogbox for settingconfigurationoptions.

in $HOME/.Xdefaults. Thefollowing settingsaresaved: position
andsizeof all openwindows,window colors,selectedmodel,selected
drawing mode,selectedbondtype,settingof ”lines while rotating”,s-
electedinterpolationmode,resolutionof spheres,line width, selected
isosurface,selectedresolutionfor densityof states,settingof ”auto-
matic recalculation”,papersize,andhydrogenbondthreshold.Note:
On Linux the settingof resourcesis kept acrossdifferent invocations
of theprogram.Saving theconfigurationandrestartingV IEWMOL will
thereforeapparentlynot work. To get rid of theold resourcesettings
issuethe commandxrdb -remove $HOME/.Xdefaults or log
outandin again.

– Quit Viewmol (Q)
Thisquitstheprogram.
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6.3 The SpectrumWindow

ChoosingSpectrum from the main window menuwill result in a new window
showing thecalculatedspectrumfor themolecule.In this window themouseacts
asfollows:

� Clicking with theleft mousebuttonon a line in thespectrum
Themoleculeshows thecorrespondingnormalvibration.

� Clicking with themiddlemousebutton in thewindow, holding it down and
moving themouse
Thisdisplaysarubberbandboxwith whichonecanzoominto thespectrum.

� Pressingtheright mousebutton
A menuwill appear.

Themenucontainsthefollowing topics:

– Settingsfor spectrum... (Alt+S)
Selectingthis topicdisplaysthedialogboxshown in Figure8.
� Typeof spectrum

ThebuttonslabeledAll modes,IR active modes,Raman
active modes, andInelastic neutron scattering
canbeusedto selectthetypeof spectrumdesired.IR activemodes
arethedefault.
� Animation

The buttonslabeledAnimate, Draw arrows, andDistort
canbeusedto selectwhetherthenormalmodesareto be shown
animatedorwith arrowsorwhetheryouwanttodistortthemolecule
alonganormalmode.A distortedmoleculecanbesavedusingthe
Save molecule optionfrom themainmenu.Animationis the
default.
� Line shapes

ThebuttonsLine spectrum andGaussian spectrum can
be usedto selectwhetherthe spectrumis drawn as simple line
spectrumor whetheraGaussianbandshape[1] shouldbeapplied.
Line spectrumis thedefault.
� Weightsfor inelasticneutronscattering

Whenyou activatethis optionyou canenteravaluein thefield to
theright. After choosingtheOK buttonall weightsaredrawn atthe
atomsin themainwindow andyou cansetanatom’s weight just
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Figure8: Thedialogbox for settingoptionsfor thespectrum
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by clicking onit with theleft mousebutton.All weightsaresetini-
tially to zero,so thatselectingInelastic neutron scat-
tering asspectrumtypeproducesnothing.
� Temperature

This slidercanbeusedto setthetemperature.Thetemperatureis
usedfor thecalculationof theinelasticneutronscatteringintensi-
tiesandfor theGaussianshapedspectrum.
� Amplitude

Thisslidercanbeusedtochangetheamplitudeof thevibration.Its
valueis multipliedwith thestandardamplitudeof avibration.This
slider canalsobe usedto changethe distortionof the molecule
while Distort is selected.
� Scalewave numbers

Thisslidercanbeusedto scalethewave numbers.

– Selectmolecule
Providesa submenuwith thenamesof all moleculescurrentlyloaded
and can be usedto changethe moleculefor the currently displayed
spectrum.Anotherpossibilityto selectamoleculeconsistsof pressing
theTab key, which cyclesthroughall entriesin theSelect mole-
cule submenu.

– Imaginarywavenumbers
If theconformationof themoleculeis a saddlepoint you have imagi-
narywavenumbers.Thecorresponding”normalmodes”canbeshown
by selectinga imaginarywavenumberfrom thissubmenu.

– Readobservedspectrum... (Alt+R)
This topic canbeusedto reada spectrumfrom a file anddisplayit a-
long thecalculatedspectrum.Selectingthis topicopensafile selection
boxto chosethefile. Thisfile hasto containaspectrumwith onewave
numberandintensityper line. All pointsreadareconnectedby a line
to form acontinuousspectrum(thereis currentlynopossibilityto read
a line spectrum). Lines with a ’#’ or a letter in the first columnare
ignored.

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

– Zoomout (Alt+Z)
This topic can be usedto zoom out of the spectrumafter previous
zoom-ins.Thezoommechanismstoresall previousenlargementsteps.
By selectingthis topic youmovebackonestep.
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– Savedrawing (Alt+D)
The samedialog box as for Save drawing in the main menu is
shown andallows you to save thespectrumasa TIFF, HPGL,or Post-
Scriptfile (cf. p. 22).

– Foregroundcolor (Alt+F)
The foregroundcolor of thespectrumcanbechangedusingthecolor
editor(vide infra, p. 38).

– Backgroundcolor (Alt+B)
Thebackgroundcolor of thespectrumcanbechangedusingthecolor
editor(vide infra, p. 38).

– Quit spectrum(Alt+Q)
Thisclosesthespectrumwindow.

� Pressingthearrow keys 	���� and 	���� , respectively
The next lower and higher wave number, respectively is selectedand the
moleculeshows the correspondingnormalvibration. Normal vibrationsof
imaginarywavenumberscanbedisplayedin thismanner, too.

6.4 The Optimization History Window

ChoosingOptimization history from the main window menuwill result
in anew window showing theenergy andgradientnormin dependenceof thestep
numberof thegeometryoptimization.In thiswindow themouseactsasfollows:

� Pressingtheleft mousebuttonandholdingit down
The redcrossshowing theactualstepof thegeometryoptimizationcanbe
movedwith themouse.Themainwindow shows thecorrespondinggeome-
try. Changingtheactualstepcanalsobeachievedusingthecursorkeys for
moving to theleft 	���� andto theright 	���� , respectively.

� Pressingtheright mousebutton
A menuwill appear.

Themenucontainsthefollowing topics:

– Settingsfor history... (Alt+S)
Selectingthis topicdisplaysthedialogboxshown in Figure9.
� Energies

If this buttonis selectedtheenergy curve is drawn. Thedefault is
on.
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Figure9: Thedialogbox for settingoptionsfor theoptimizationhistory

� Gradientnorms
If this button is selectedthe gradientnorm curve is drawn. The
default is on.
� Scales

This button togglesdrawing of thescaleson andoff. Thedefault
is on.

– Selectmolecule
Providesa submenuwith thenamesof all moleculescurrentlyloaded
and can be usedto changethe moleculefor the currently displayed
optimization history. Another possibility to selecta moleculecon-
sistsof pressingtheTab key, which cyclesthroughall entriesin the
Select molecule submenu.

– Animate(Alt+A)
Selectingthis topic will animatetheoptimizationhistory. To stopthe
animationselectthis topicagain.

– Savedrawing (Alt+D)
The samedialog box as for Save drawing in the main menu is
shown andallows you to save the optimizationhistory asa TIFF, H-
PGL,or PostScriptfile (cf. p. 22).

– Color for energy (Alt+E)
The color for the energy curve canbe changedusingthe color editor
(vide infra, p. 38).

– Color for gradientnorm(Alt+G)
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Thecolor for thegradientnormcurve canbechangedusingthecolor
editor(vide infra, p. 38).

– Backgroundcolor (Alt+B)
Thebackgroundcolor of the diagramcanbe changedusingthecolor
editor(vide infra, p. 38).

– Quit history(Q)
Thisclosestheoptimizationhistorywindow.

6.5 The Energy Level Diagram Window

ChoosingEnergy level diagram from the main window menuwill result
in a new window showing thecalculatedMO energiesin anenergy level diagram.
In thiswindow themouseactsasfollows:

� Clicking with theleft mousebuttonon a line
A box appearscontainingthesymmetryandtheenergy for thisMO. Select-
ing a MO canalsobe achieved by pressingthe cursorkeys for moving up
	�
�� anddown 	��� , respectively.

� Clicking in the window, pressingthe middle mousebutton andholding it
down
With therubberbandboxdrawn onecanzoominto thediagram.

� Pressingtheright mousebutton
A menuwill appear.

Themenucontainsthefollowing topics:

– Settingsfor energy level diagram... (Alt+S)
Selectingthis topicdisplaysthedialogshown in Figure10.
� Units

The four buttonscanbeusedto selecttheenergy unit. Available
areHartrees(default),kJ/mol,eV, andcm� � .
� Resolutionfor densityof states

This slidercanbeusedto changetheresolutionfor thedensityof
states.A smallervalueresultsin a higherresolution.Thedefault
is 0.01.Theminimum,maximum,anddefault valuescanbesetin
theresourcefile. (vide infra, p. 43).

– Selectmolecule
Providesa submenuwith the namesof all moleculescurrently load-
edandcanbeusedto changethemoleculefor thecurrentlydisplayed
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Figure10: The dialog box for settingthe energy units for the MO energy level
diagram

energy level diagram. Another possibility to selecta moleculecon-
sistsof pressingtheTab key, which cyclesthroughall entriesin the
Select molecule submenu.

– Transition(Alt+T)
This topic canbeusedto calculatetheenergy for a transitionbetween
twoMO’s. Thistopicisavailableonly if oneMO wasselectedby click-
ing on it. Choosingthis menutopic followed by clicking on another
MO draws a line showing thetransitionanda boxcontainingthesym-
metry labelsandtheenergy differencebetweenthesetwo MO’s. Fur-
therclicksonotherMO’s repeatcalculationsof energy differences.To
leave this modeclick eithersomewherein thewindow wereno MO’s
areor selectthis topic from themenuagain.

– Zoomout (Alt+Z)
Thistopiccanbeusedto zoomoutof thediagramafterpreviouszoom-
ins. The zoommechanismstoresall previous enlargementsteps.By
selectingthis topicyoumovebackonestep.

– Savedrawing (Alt+D)
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The samedialog box as for Save drawing in the main menu is
shown andallows you to save theenergy level diagramasa TIFF, H-
PGL,or PostScriptfile (cf. p. 22).

– Draw densityof states(Alt+D)
This topic canbeusedto togglebetweenthedensityof statesandthe
energy level diagram.Theenergy level diagramis thedefault.

– Foregroundcolor (Alt+F)
The foregroundcolor of the diagramcanbe changedusingthe color
editor(vide infra, p. 38).

– Backgroundcolor (Alt+B)
Thebackgroundcolor of the diagramcanbe changedusingthecolor
editor(vide infra, p. 38).

– Quit energy diagram(Q)
Thisclosestheenergy level diagramwindow.

7 Editing molecules

V IEWMOL now allows thebuilding andeditingof molecules.Bondlengths,bond
angles,andtorsionanglesof an existing moleculecanbe changed,atomscanbe
replacedandaddedor deleted.New moleculescanbebuild.

7.1 Changing bond lengths,bond angles,and torsion angles

To changeabondlength,abondangle,or a torsionangleclick on thecorrespond-
ing atomsandthenpressthe right mousebutton. This will displaythe lengthof
thebondandthevalueof thebondor torsionangle,respectively (cf. p. 11). Now
click on the numberwith the left mousebutton. A cursorwill appearand the
valuedisplayedcanbe changed.After pressingReturn the new value for the
bondlength,bondangle,or torsionanglewill be set. The atomwhich hasbeen
clicked on first (andall atomsconnectedto it) will bemoved. It is impossibleto
changebondlengths,bondangles,or torsionanglesif they arepartof a ring. All
changesin geometrycanbereversedby usingUndo geometry change from
the Geometry menuor the correspondingbutton in the moleculeeditor dialog
box. Thenumberof undosis unlimited.

7.2 Adding or replacingatoms

Fromthemainwindow menuselecttheModify molecule entryin theMole-
cule submenu.Thedialogbox shown in Figure11 is displayed.Theupperpart

33



containstheperiodictableof elementsandallows theselectionof theelementto
beaddedor usedasreplacement.

In themiddle therearea numberof buttonsfor selectingdifferentoperations
andcertaindefaults.Thesearethefollowing:

� Changegeometry
If this item hasbeenchosenatomscanbeselectedwith themouseandge-
ometrychangescarriedoutasdescribedin theprevioussection.

� Add atom
An atomof theelementselectedin theperiodictablewill beattachedto the
atomin themoleculeclicked on with the left mousebutton. Thenew bond
will have thebondorderselectedin theeditordialogbox anda bondlength
which is 90 % of the sumof the atomicradii (readfrom theviewmolrc
file). Thelocalgeometryof theatomclickedonwill bechangedto reflectthe
currentcoordinationof thisatom(two bondpartners– linear, three– trigonal
planar, four – tetrahedral,five– trigonalbipyramidal,six – octahedral,seven
– pentagonalbipyramidaletc.).

� Deleteatom
An atomclickedonwith theleft mousebuttonwill bedeleted.If Deleting
atoms changes local geometry is turnedonthelocalgeometryof
the atom(s)connectedto the deletedonewill be changedin the sameway
asdescribedunderAdd atom. Otherwisethe local geometryremainsas
before.

� Replaceatom
Theatomclicked on with the left mousebutton is replacedby theelement
selectedin theperiodictable. Bond lengthsareadjustedto reflectthe new
elementaslongastheatomchangedis notpartof a ring.

� Createbond
A new bondwill becreatedbetweenthetwo atomsclicked on with the left
mousebutton.Thisbondwill have theorderselectedunderBonds are.

� Removebond
The bondbetweenthe two atomsclicked on with the left mousebutton is
deleted.Bondscreatedor removedby theuserhave precedenceover bonds
createdautomatically. This meansthatoncea bondhasbeencreatedby the
useronly theusercanremove it andvice versaregardlessof whathappens
to themolecule.
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� Changebondorder
The bondbetweenthe two atomsclicked on with the left mousebutton is
assignedthebondborderselectedunderBonds are.

� Torsionanglesdefault to
While building a moleculebondlengthsof newly createdbondsareset to
90 % of the sumof the atomicradii of the bondedatomsandbondangles
areassignedaccordingto the coordination.Torsionanglescanbe selected
from this menu. Availablevaluesaretrans(180� ), cis (90� ), gauche(60� ),
and � gauche( ����� � ). This allows the constructionof more complicated
molecules.The torsionangleis alwaysmeasuredalongthe backboneof a
molecule,i. e. while building e. g. a hydrocarbonchainthe torsionangle
is alwaysmeasuredbetweenthecarbonatoms.Thebackboneof a molecule
is determinedby countingall atomsattachedto oneatomandfollowing the
bondswhich connectthe atomswith the largestnumberof otheratomsat-
tached.

� Bondsare
This menuallows the selectionof the bondorderfor bonds. Availableare
single,double,andtriple. Bondconjugationandhydrogenbondsaredeter-
minedautomaticallyaccordingto therespectivesettingsin theBond type
menu.

� Deletingatomschangeslocalgeometry
If an atom is deletedthe local geometryof the atom(s)bondedto it can
eitherbeleft unchangedor modifiedaccordingto thenew coordination.This
switchcanbeusedto selectwhichbehavior is preferred.

In thebottomrow of themoleculeeditordialogbox is abuttonUndo geometry
change whichcanbeusedto reverseall changesto themolecule(exceptchanges
to bonds).Thenumberof undosis unlimited.

7.3 Example: Building cyclohexane

Cyclohexanein its chair configurationhasa structurewhich seemsquitecompli-
catedto generate,but it caneasilybe built using V IEWMOL’s moleculebuilder.
First,startV IEWMOL withoutany parameteronthecommandline andpressCan-
cel in thefile selectionbox which popsup. You shouldnow have anemptywin-
dow on your screen.Pressthe right mousebutton within this window andselect
Molecule/New molecule ... from thepop-upmenu.Themoleculeeditor
will openup. Westartbuilding cyclohexaneby building oneof thetetrahedra:
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� SelectC from theperiodictable.

� Click with theleft mousebuttonin V IEWMOL’s window. Thiswill placethe
first carbonatomat theorigin.

� Click with the left mousebutton on thefirst carbonatom. This will attach
thesecondcarbonatomto thefirst.

� Click with theleft mousebuttononthesecondcarbonatom.Thiswill attach
thethird carbonatomto thesecond.

� SelectH from theperiodictableandclick twice on thecentralcarbonatom.
Themoleculeshouldnow look like theleft onein Figure12.

To continuebuilding cyclohexanewe have to rememberthat the torsion angles
amongthe carbonatomsalternatebetweengaucheand � gauchewhich can be
determinedeasilyby looking at theNewmanprojection:
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� SelectC againandsetthedefault torsionangleto gauche.

� Click on oneof theendcarbonatoms.ThenselectH andclick on thesame
carbonatomtwo moretimes.

� Changethedefault torsionangleto � gaucheandrepeatthelasttwo stepson
the just addedcarbonatom. Themoleculeshouldnow look like theonein
themiddleof Figure12.

� Changethedefault torsionangleto gaucheagainandaddacarbonatomand
onehydrogenatomto thelastcarbonatom.Themoleculewill now look like
theright onein Figure12.

� Changethedefault torsionangleto transandaddthesecondhydrogenatom
to thecarbonatomaddedlast.
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Figure12: Building cyclohexane

� Now changethe default torsion angleto � gaucheand add one hydrogen
atom to the next carbonatom in the ring, then changethe default torsion
angleto transandaddthesecondhydrogenatom.

� Finally, completecyclohexaneby addingfirst ahydrogenwith thedefaultset
to transandthanahydrogenwith thedefault setto gaucheto thenext carbon
atomin thering.

8 The color editor

All menuscontainitemsfor changingcolors.Selectingoneof theseitemsdisplays
thecolor editor (cf. Figure13). In thefirst row of thecolor editordialogbox are
a numberof differentcoloredboxes. You canselectoneof thesecolors just by
clicking in thecorrespondingbox with theleft mousebutton. Thecolor you want
to changein thepicturechanges,too,but this is not a permanentchangeuntil you
click theOK button.

If noneof thecolorsin theboxessatisfiesyour needsyoucansetup your own
colorby moving oneof theslidersfor red,green,or bluewith theleft mousebutton.
Thecolor in thepictureyouwantto changeshows thecurrentlyselectedcolorand
by clicking theOK buttonyou changeyourcolor permanently.

If thecoloreditorhasbeenbroughtupto edit thebackgroundcolorof themain
window threebuttonslabeledSmooth arepresent.Activatingany of thesebuttons
will createacolor rampfor thecorrespondingcolorandmix it with theotherRGB
components.The slider for this color then hasno effect. That way interesting
shadingeffectsin thebackgroundcanbegenerated.
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Figure13: Thecolor editor

9 Adapting the Program to a Differ ent Language

V IEWMOL hasbeenwrittento takefull advantageof thelanguageindependenceof
X windows. All programmessages,menus,dialogbox textsetc.arestoredoutside
of the programin resourcefiles. Thereforeit is possiblethat differentuserscan
run thesameV IEWMOL executablein differentlanguageson thesamecomputer.
Currently, four languagesaresupported:English,French4, German,andRussian5.
To adaptV IEWMOL to anotherlanguageonly the Xdefaults.<language>
file hasto betranslated.For anativespeaker of thelanguagethiswill takebetween
45 and60 minutes.

The Xdefaults.<language> files provided with V IEWMOL have three
sections.Thefirst sectionis relatedto theinstallationof externalsupportprogram,
thesecondsectioncontainsdefault settings(seep. 42). Thethird sectioncontains
all languagedependentmessagesandthis is theonly sectionwhich needstransla-
tion. To translate,translateeverythingright of thecolon.Thestrings’%s’, ’%d’, or
’%f ’ markthepositionof namesor numberswhicharefilled in by theprogramand

4Many thanksto Ludovic Douillard (douillard@DRECAM.cea.fr).
5My Russianis a little bit rusty. Apologiesfor any grammarmistakes and/orunrecognizable

meanings.I would appreciateacheckby a native speaker.
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mustremainin thetranslatedversionat theappropriateposition.After translation
install the new Xdefaults.<language> file asdescribedin the Installation
section(cf. p. 3) andV IEWMOL will talk in your language.Theauthorwould ap-
preciateto getacopy of thetranslatedresourcefile for inclusionin thenext public
release.

10 The making of multimedia files

If normalmodesareanimatedandtheuserselectsSave drawing/TIFF from
themainwindow menua seriesof TIFF files is written out,onefor eachframeof
theanimation(currently20 frameswhich cannotbechangedby theuser). These
TIFF files caneasilybeconvertedto a videofile (MPEG)showing theanimation
usingstandardimagemanipulationtools from the Internet. OnepossibleMPEG
encoderis mpeg_encode which is availablefrom mm-ftp.CS.Berkeley.EDU via
anonymousftp. This encoderexpectsits input files eitherin PPM,PNM, or YUV
format.To convert theTIFF fileswrittenby V IEWMOL youcanusethePBMPLUS
or NETPBM librarieswhich have a filter tifftopnm(you alsoneedpnmflip, since
tifftopnmchangestheorientationof thepicture).Thefollowing shellscriptwill do
theconversion(for shandkshusers)if thedefault files from V IEWMOL havebeen
used:

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

done

The resultingPNM files canthenbe processedby mpeg_encode to producea
MPEGfile whichcan,e.g.,beincludedinto aWorld Wide Webdocument.

SelectingSave drawing/Rayshade from themainwindow menuwith an
animationrunningwill write a seriesof 20 input files for RAYSHADE. Thesefiles
canalsobeprocessedby RAYSHADE andusedto generateamovie of thevibration.
This processcan,however, bevery timeconsuming.

11 Data files

V IEWMOL usesa datafile namedviewmolrc for getting informationsabout
atomsand available input and output filters. Theremay be threeof thesefiles.
V IEWMOL looks at first in the currentdirectory for this file, then in the users
HOME directory for a file .viewmolrc andfinally in the directorywherethe
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environmentvariableVIEWMOLPATH points to. In oneof thesethreelocations
suchafile mustbefound.Thefile shouldcontainthefollowing data:

� Linesof theformat:
option 	 nameof option��	 nameof input filter � [ 	 commandline options
for input filter � ] ” 	 characteristicstring� ”
Theselinesdefinethe input filter for V IEWMOL andthecommandline op-
tions connectedwith them(i. e. you canchangethe commandline option
if you want). 	 option� is thecommandline option V IEWMOL expectson
its commandline or the word default. The input 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 the pathto andnameof the input fil-
ter executable.If the input filter requirescommandline option (e. g. a file
name)they canbespecifiedafter thenameof the input filter. %s is usedas
a placeholderfor file names.The pathor nameof the input filter cancon-
tainenvironmentvariablesor thestring$OSNAME. Thelatteris replacedby
the subdirectorynamefor the machineV IEWMOL is currentlyrunningon.
” 	 characteristicstring� ” is a stringwhich is usedto identify the typeof a
particularfile. Thefirst 1024charactersof aninputfile passedto V IEWMOL

arescannedfor this string andthe input filter connectedwith the string is
thenusedto readthefile. Thereforethesestringshave to beuniquefor each
input filter andhave to bein every file of acertaintypewithin thefirst 1024
characters.Sincemostprogramswrite theirnamesoutat thebeginningthese
restrictionsseemto benoproblem.

� Linesof theformat:
output 	 referenceto resources��	 nameof outputfilter � [ 	 commandline
optionsfor outputfilter � ] %s
Theselinesdefinetheoutputfilter for V IEWMOL. 	 referenceto resources�
is an arbitrarystring which must refer to a resourcein the Xdefaults file.
Thisstringis usedto provide thelabelfor theoutputfilter in theoutputfilter
selectionbox. 	 nameof outputfilter � is thepathto andnameof theoutput
filter executable. All output filters shouldat leastacceptthe nameof the
outputfile from their commandlines. If additionalparametersarerequired
they canalsobe specifiedafter thenameof theoutputfilter. %s is usedas
a placeholderfor theoutputfile name.Environmentvariablesor thestring
$OSNAME canbeusedin thesamewayasfor input filters.

� Linesof theformat:
	 symbol��	 rad��	 rd ��	 gd��	 bd��	 rl � 	 gl ��	 bl ��	 surface�
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	 symbol� is anatomicsymbol, 	 rad� is theVanderWaalsradiusof this
atomin Ångstrøms,	 rd � , 	 gd� and 	 bd� are the red, greenandblue
color for the darkestpart of this atomand 	 rl � , 	 gl � and 	 bl � arethe
red,greenandbluecolor for thelightestpartof theatom.Therearefour re-
servedstringsfor 	 symbol� . If 	 symbol� is bd thefollowing description
describesahydrogenbond.The 	 rad� field is alsointerpretedastheradius
of all bondsticks. All otherfields areonly appliedto hydrogenbonds.uc
specifiesaunit cell corner. Radiusandcolorgivenhereaffecttheappearance
of theunit cell. ps andms specifythesurfacepropertiesfor thepositiveand
negative isosurface,respectively, usedto draw wave functionrelatedtopics.
In thesecasesthe radiusis not used. 	 surface� is an optional specifica-
tion for thesurfaceusedwhenstick, ball, or CPK drawing with surfacesis
activated. 	 surface� is a list of oneor moreof thefollowing options

– emission	 r � 	 g ��	 b �
The emissioncolor of the surface. Using this option causesthe sur-
faceto emit light. 	 r � , 	 g � , and 	 b � arethe red, greenandblue
componentsfor thelight color.

– ambient	 r ��	 g ��	 b �
The ambientlight which is reflectedby the surface. 	 r � , 	 g � , and
	 b � arethered,greenandbluecomponentsfor thelight color.

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

– shininess	 n �
A parameterwhich determinesthekind of reflection. 	 n � canbe in
therange0 ... 128.

– alpha 	 n �
Thisparameterdeterminesthetransparency of thesurface.

All color specificationscanbe between0.0 and1.0. The total lengthof a
line specifyinganatomis restrictedto 132characters.Thekeywordsfor the
surfacespecificationscanbeabbreviatedwith thefirst two letters.

Any line startingwith ’#’ is treatedasacomment.
V IEWMOL makesextensive useof X Windows resources.All standardsearch

algorithmsfor the locationof the resourcesapply (seee. g. O’Reilly bookson X
Windows). V IEWMOL hasEnglishresourcescompiledin. Resourcesfor otherlan-
guagesareprovided in files Xdefaults.<language> andmight be installed
asdescribedin theinstallationsectionof thismanual(p. 3).
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The following resourcesareusedto specify the defaults. They canbe over-
written in the user’s $HOME/.Xdefaults file or, in part, by the configuration
optionsavailablein theprogram.Defaultsconfigurablefrom within theprogram
aremarkedwith 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
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
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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 (*)

The Viewmol.Bell resourceis the only resourcewhich doesnot have a
default. As long asthis resourceis not set the standardkeyboardbell is rung as
soonasa selectionin oneof thewindows is madeby mouseclick. This resource
canbesetto thename(andcommandline parameters)of any programwhichshall
berun instead,preferablyonewhichproducesanicersoundeffect.

TheViewmol.model resourcecanbe set to wire, stick, ball, or cpk. The
Viewmol.drawingMode resourcecanbesettodot,line,orsurface.TheView-
mol.bondType resourcecan be set to single, multiple, or conjugated. The
Viewmol.interpolation resourcecanbesetto none,linear, or logarithmic.
Theresourcesfor specifyingformatsfor bondlengths,bondangles,andtorsionan-
gleshavetocontainavalidC formatstringfor printingafloatingpointnumber. The
resourcefor thebondlengthsrecognizesAng, pm,bohr, andauin theformatstring
asunitsandconvertsthebondlengthsaccordingly. TheViewmol.reserved-
Colors resourcecanbeusedto limited thenumberof colorsallocatedby V IEW-
MOL if it runsin colormapmode.V IEWMOL triesto allocateasmuchcolorsasit
can.Thismightinterferewith othersprogram.In thiscaseViewmol.reserved-
Colors canbe usedto tell V IEWMOL to leave the specifiednumberof colors
unallocated.In caseof thespecificationsfor theslidersthevaluesgivenfor mini-
mumandmaximumhave to bemultiplied by !"�$#&%('*),+.-0/2143()6587:9 . I. e. if thenumber
of decimalsis to be changedalsominimum andmaximumhave to be changed.
Papersizescurrently recognizedareA5, A4, A3, Letter, Legal, and 	 width � x
	 height� where 	 width � and 	 height� arein millimeters.

TheViewmol.viewer.foreground resourceis usedfor thecolor of the
groundif perspective drawing is enabled.
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12 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 extractsthe data
from the correspondingfile. Theseinput filter arestand-aloneprogramsandcan
bewritten in every programminglanguageyou want. Examplesin C andawk are
included.

The input filter hasto readthe following datafrom the outputfile andwrite
themto its standardoutputin theformatdescribedbelow. This formatfollows the
file format of TURBOMOLE very closely. A few sectionshad to be extendedto
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 theconversionfactorthecoordinateshave to bemultiplied with
to convert themto Ångstrøms.Any combinationof x, y, andz at theendof
theline (optional)indicatesthatthecorrespondingatomhasbeenkeptfixed
in thatdirectionduringa geometryoptimization.Consequently, V IEWMOL

will notdraw theforcesactingon thisatomin 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
...
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symmetry is thesymmetrylabel for thevibrationalmode,wavenumber
is its wave numberandIR-intensity andRaman-intensity areits
IR andRamanintensity, respectively. If thesymmetrylabelsfor thevibra-
tionalmodesareunknown 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)
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) arethe
normalmodecoefficients. They have to be provided orderedby cartesian
coordinates(all x componentsof thefirst atomfirst, thenall y components
of 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 is a counterfor the cycle, E_nc is the energy for the configurationof
cycle nc, andgradnorm_nc is the gradientnorm of cycle nc. The line
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startingwith unitcell is optionalandcanbeusedto specifythecurrent
unit cell e. g. duringa constantpressureMD run. Thex, y, andz arethe
cartesiancoordinatesfor eachatom,symbol is theatomicsymbol.Thegx,
gy, andgz arethegradientsfor eachatom. This structurecanberepeated
for 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 optional and can be usedto
notify V IEWMOL of the fact that the MO coefficients are with respectto
symmetrizedAOsratherthanwith respectto AOs.V IEWMOL needsmoloch
from the TURBOMOLE packageto handlesymmetrizedAOs. If molochis
not installedandsymmetrizedAOs are input, MOs andelectrondensities
cannotbedrawn. Thestringgaussian is alsooptionalandnotifiesV IEW-
MOL thattheMO coefficientsarenormalizedandorderedGAUSSIAN style.
n is a countercountingthe MOs, symmetry_label_n is the symmetry
labelfor MO n,MO_E_n is theMO energy for MO n, andnorb is thetotal
numberof orbitals.Themoc(n,i) aretheMO coefficientsfor MO n.

� 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
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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
containsthe indicesof all atomsof theparticularelementaccordingto the
list of coordinatesreadin under$coord. The list can be either comma
separatedand/orcontainhyphensfor indicatingranges(e.g. c 1,3,7-10is a
valid descriptor).Basis_set_name canbeanarbitrarystringdescribing
a particularbasisset. It is only usedto find the correspondingbasisset in
the list readunderbasis. This list simply statesthe namefor a basisset
andthenlists theprimitive functionswhichmake up acontractedGaussians
startingwith thenumberof primitivesin thatparticularcontractedGaussian
andits angularmomentum(s,p,d, f, ...). Thantheexponentsandcontraction
coefficientsarelisted line by line. This is repeatedfor all contractedGaus-
siansof thatparticularbasisset.$closed shells is usedto tell V IEW-
MOL which MOs areoccupiedandwhich arenot. symmetry_label is
thesymmetrylabelfor anumberof MOs andlist_of_indices is a list
of integersstatingwhich of theMOs of thatparticularsymmetryareoccu-
pied.This list canbeeithercomma-separatedor containhyphensto indicate
rangesof MOs. Note: $closed shells hasto appearafter$scfmo in
theoutputwritten by the input filter. $pople is usedto indicatethatd, f,
or g functionshave 6, 10, or 15 componentsinsteadof 5, 7, or 9. Note:
This datagrouphasto appearafter the $coord or $grad in the output.
OtherwiseV IEWMOL will fail.

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

$unitcell a b c alpha beta gamma
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� errorsoccuringduringfile processing(optional)
Write to standardoutputin thefollowing form:

$error errorLabel severity additionalInformation

errorLabel is anarbitraryoneword labelwhich refersto anerrormes-
sagein the resources. severity is a label for the severity of the er-
ror. Set it to 0 if the programcancontinuedespitethis error. Set it to 1
if the programmuststop. additionalInformation is any addition-
al information you want to be displayedin the error message(e. g. the
nameof a file which was not found). Currently, the following errorLa-
bels are in use: noFile, notConverged, unsupportedVersion,
wrongFiletype, noCoordinates, noEnergy, and unknownEr-
rorMessage. If your input filter wantsto return an error becauseit is
missingcoordinatesin the input file ”dummy.inp” you canhave 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 linesin placeany encounterof nocoordinatesin aninputfile
will leadto thedisplayof theerrordialogin Figure14. Thereis no needto
recompileV IEWMOL to achieve this.

Thelastline of thedatawrittento standardoutputby theinputfilter mustbe$end.
Theinputfilter canbeinstalledby addinga line to theviewmolrc file.

13 Programming Your Own Output Filter

V IEWMOL canbeeasilyadaptedto write files in any format.All youhave to do is
to write a new outputfilter which formatsthedataprovidedby V IEWMOL. These
outputfilters arestand-aloneprogramsandcanbe written in every programming
languageyouwant.Examplesin awk areincluded.

The outputfilter hasto acceptthe following datafrom its standardinput and
write themto afile whosenameis givenasacommandline parameterto thefilter.
V IEWMOL passesthefollowing datagroupsto theoutputfilter:
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Figure14: Theerrordialogproducedby thesampleerrormessage

� theunit cell (if present)is sentin thefollowing format(a,b, andc in atomic
units,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 the
bond, ��; if thebondis partof aconjugatedsystem,or �<! if it is ahydrogen
bond.

$end is passedto theoutputfilter aslastline.
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14 Limitations

V IEWMOL currentlycannothandleGAUSSIAN outputswhich containcartesianf
functions(10f).

If V IEWMOL runs in color map (that shouldonly happenon IBM RS6000
with Sabinegraphicsadapters,in this casethebackgroundof the title screenhas
a constantcolor insteadof theusualdarktop andlighter bottom)shadows arenot
drawn if thedrawing modeis ”with surface”.

If TIFF files aresaved make sureno otherwindow (including dialog boxes)
overlapswith thewindow to besaved.Theinformationis readfrom thescreenand
overlappingwindows will show up in thesavedfile.

HPGLoutputsfor drawingswhicharelabeledwith non-latincharacterswill not
containany labels.HPGL outputhasonly supportfor Germanumlauts,Postscript
providesall ISO-8859-1andKOI-8 characters.

If V IEWMOL hasbeenlinked with a Mesaversion 	 2.1 and is runningon
Linux the”Lines while rotating”buttonshouldalwaysbesetto on (thedefault). If
it is setto off, a modelis drawn with surfaces,andtried to rotate,V IEWMOL will
crashwith afloatingpointexception.This is abug in earlyMesaversions.

V IEWMOL is now usablewith Lesstif ( � 0.81). Thereare, however, some
glitches,e.g. shortcutsdon’t work.

15 Frequently askedquestions

1. V IEWMOL on Linux reportson startup:
viewmol: can’t load library ’libMesaGLU.so.3’
or anotherlibrary.
V IEWMOL doesnot find a dynamicallinkedlibrary it needs.Thereasonfor
this is that eitherthe library is not installed,thewrong versionis installed,
or thedynamiclinker is not setup to find this library. V IEWMOL needsthe
following dynamiclibraries:

libtiff.so.3
libtiff.so.3
libMesaGLU.so.3
libMesaGL.so.3
libXm.so.1 (only needed if the lesstif version is used)
libXmu.so.6
libXi.so.6
libXext.so.6
libXt.so.6
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libX11.so.6
libm.so.6
libc.so.6
libSM.so.6
libICE.so.6
/lib/ld-linux.so.2

These libraries can normally be found in /lib, /usr/lib, and
/usr/X11R6/lib. Thedynamiclinker checksthemajorversionnumber
andwill refuseany library wherethemajorversionnumberdoesnotmatch.
Theminorversionnumberdoesnotmatter. Thedynamiclinker hasto beset
up to searchthedirectorieswhichcontaintheselibraries.This is donein the
file /etc/ld.so.conf. After modifying thisfile runldconfig -v as
root. Alternatively, theenvironmentvariableLD_LIBRARY_PATH canbe
setto point to thesedirectories.

2. V IEWMOL on Linux reportson startup:
viewmol: Symbol ’jpeg_resync_to_restart’ is not
defined.
Thereare two different versionsof libtiff.so distributed with differ-
entLinux distributions. Onecontainsjpeg code(Debian)theotherdoesn’t
(RedHat).V IEWMOL hasnow beenlinkedwith theversionwhich doesnot
containjpeg codesothat this errorwill probablynot occuranymore. If this
erroroccursonly a recompilationwill help. Pleasenotify themaker of your
Linux distribution sothatthey canmake theirdistribution compatible.

3. 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
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To recompileV IEWMOL you needto install X windows andOpenGLde-
velopmentenvironmentswhich, in most Linux distributions, are separate
packages.In this caseyou aremissingall X windows andOpenGLheader
files. You alsoneedthedevelopmentenvironmentof lesstifor Motif for all
headerfiles in /usr/include/Xm.

4. While trying to recompileV IEWMOL thelink stepfailswith:

ld:
Unresolved: __eprintf

*** Error code 1 (bu21)

or a similar messagereferring to __eprintf (encounteredon SGIs and
IBMs sofar only). Thereis a problemwith theTIFF library you arelinking
with. If youhavebuilt thelibrary yourselfmakesureit wasbuilt onthesame
machineaswhereyou try to link V IEWMOL. If you have beentrying to use
a vendorsuppliedversionof theTIFF library try to downloadandcompile
thelibrary yourself.

16 History, Authors, and Contrib utors

V IEWMOL startedits life somewhere in 1991 as a tool to draw IR and Raman
spectrafrom Turbomoleoutputs.Sincedrawing only spectrasoonturnedout to be
insufficient for writing a PhDthesis,capabilitieswereaddedto draw themolecule
and animatenormal modes. Sinceother peoplein the ArbeitsgruppeQuanten-
chemieanderHumboldt-Universiẗat zu Berlin, Max–Planck–Gesellschaft got in-
terestedin theprogramandwantedextensionsfor otherprogram’s outputAndreas
Bünger(a then16 yearold high schoolstudenton a practicalcoursein thegroup)
andAndreasBleiberstartedto write aninputfilter for GAUSSIAN 9X. ArneDum-
merwroteafilter for DMOL. In thecourseof theresearchperformedin thegroup
othercapabilitieswereaskedfor andaddedby theoriginalauthorsandby Marian-
n Krossner(calculationof inelasticneutronscatteringintensities)andAndriesde
Man (extensionof GAUSSIAN 9X input filter to readdensityfunctionaloutputs).
Version1.2waspresentedattheGerman/AustrianAcademicSoftwareAwardcom-
petition in 1993andhonoredasoutstandingachievement(cf. http://www.ask.uni-
karlsruhe.de/asksam/sampages/htmltxt/viewmol.html). With the advent of Linux
it wasrecognizedthattheoriginalFortran/IrisGLversionwouldbedifficult to port
to moreaffordablehardware. Version2.0 of theprogramwasa completerewrite
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in C/OpenGLby Jörg-RüdigerHill now mainlydoneonaLinux system.Develop-
mentof theprogramcontinuesonLinux usingBrianPaul’s terrific implementation
of OpenGL,Mesa.

Contributions,mainly in form of bug reports,codesnippets,andenhancement
requestshavecomefrom anumberof people.In noparticularorder(andhopefully
without 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)

� MarcPedulla(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)

� ÖdönFarkas(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)and

� Andrew Dalke (dalke@bioreason.com)

I alsohaveto thankMark J.Kilgard (mjk@sgi.com)andBrianPaul(brian paul@a-
vid.com)whopostedanumberof thealgorithmsusedin V IEWMOL ontheInternet.

Translationsof V IEWMOL’s interfaceto other languageshave beenprovided
by:

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