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1 Purpose

VIEWMOL is agraphicalfront endfor computationathemistryprogramsit is ableto graphicallyaidin the
generatiorof molecularstructuregor computationsndto visualizetheirresults. Theprograms capabilities
include:

¢ Building andeditingof molecules

¢ Visualizationof thegeometryof amolecule

e Tracingof ageometryoptimizationor aMD trajectory

e Animationof normalvibrationsor to shav themasarrowns

e Drawing of IR, Ramanandinelasticneutronscatteringspectra

¢ Drawing of anMO eneqy level or densityof statesdiagram

e Drawing of basisfunctions,molecularorbitals,andelectrondensities
¢ Displayof forcesactingon eachatomin a certainconfiguration

e Displayof Miller planesn crystals

e Calculationof thermodynami@ropertiefor moleculesandreactions
¢ Drawingsgeneratedy VIEWMOL canbesaredasTIFF, HPGL, or PostScripfiles

¢ Animationsof normalmodescanbe corvertedto avideofile (MPEG),e. g. for inclusioninto World
Wide Webdocumentgrequiresadditionalprogramsavailableon the Internet)

¢ Interfaceto thefreewareraytracingprogramRAY SHADE (inputfile generatiormanduseof RAY SHADE
from within ViEwmoL)

¢ Inputandoutputin avariety of formats,newv formatscanbe addedeasilyby theuser

VIEWMOL includesa Pythoninterpreterfor automation.

At presentVIEwMOL includesinput filters for DISCOVER, DMoL, GAMESS, GAUSSIAN 9X, GULP,
Morac, and TURBOMOLE outputsaswell asfor PDB files (VIEwMOL is thereforesuitedas a viewer
for structuraldataon the World Wide Web). Structureanbe saved asMSI carfiles, MDL files,andTUR-
BOMOLE coordinatdiles. VIEwmoL’s file formathasbeenaddedo BABEL sothatBABEL cansene asan
inputaswell asanoutputfilter for coordinates.

VIEWMOL supportsa spaceball asinput device.

2 Copyright

VIEWMOL is copyright (©1996-2000y Jorg-RudigerHill. All rightsresered. VIEWMOL islicensedunder
the GNU GeneralPublic License,version2. A copy of this licensecanbe foundin the file COPYRI GHT
distributedwith ViIEwMoL. If you redistritute VIEwMOL, the entire contentsof this distribution mustbe
distributed,includingthe README, thesourcesexamplesandthe completecontentof thenan directory



If new inputfilters to readoutputsof otherprogramsor othervaluablefeaturesareaddedor a bug is fixed
theauthorwould welcomeif theadditionsis sentto him for inclusioninto the next releaseof VIEwMOL.

BECAUSETHE PROGRAM IS LICENSEDFREEOF CHARGE, 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 PURPOSETHE ENTIRE RISK AS TO THE QUALITY AND PER-
FORMANCE OF THE PROGRAM IS WITH YOU. SHOULD THE PROGRAM PROVE DEFECTIVE,
YOU ASSUMETHE COSTOFALL NECESSAFR SER/ICING, REFAIR 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 CONSEQJENTIAL DAMA GESARISING
OUT OF THE USEOR INABILITY TO USETHE PROGRAM (INCLUDING BUT NOT LIMITED TO
LOSSOFDATA ORDATA BEING RENDEREDINACCURATE ORLOSSESSUSTAINED BY YOUOR
THIRD PARTIESORA FAILURE OFTHEPROGRAM TO OPERATEWITH ANY OTHERPROGRAM-
S), EVEN IF SUCHHOLDER OR OTHER PARTY HAS BEEN ADVISED OF THE POSSIBILITY OF
SUCHDAMAGES.

ViewmoL shallbe guotedasfollows:
ProgramVIEwMoOL, Version2.3,Jorg-RudigerHill, 2000.

VIEWMOL hasbeenthoroughlytestedonthe computersystemsnentionedbelaw, but it cannotbe excluded
thatthereareary furtherbugs.

Pleasereportbugstoj oehi | | @Qisers. sour cef or ge. net oruse
http://sourceforge. net/projects/vi ewmrol /

3 Installation

VIEwMOL 2.3wasdevelopedonaPentiumnotebookunningLinux usingBrian Paul’'s OpenGLcompatible
library Mesa.lt alsocompileswith OpenGL™ withoutary problems.VIEwMoL hasbeenportedto Silicon
Graphicscomputers|BM RS/6000DEC Alpha, Suns,andHewlett Packard9000/735.SinceMesarunson
ary machinewhich hasX windows it shouldbe possibleto run ViEwMoL onarny machinewhich supports
X windows. However, for bestperformance native OpenGLimplementatioris recommendedV IEWMOL
doesnotrun onWindows PC or MacOSMacs. For useon PCsor PaverMacsLinux is requiredandhighly
recommended.

Thefollowing operatingsystemsarepresentlysupported:

e PC:Linux 2.2.x(testedonly with Mesa)
e SGI:IRIX 6.3

e DEC Alpha: OSF1 V4.0 (testedonly with Mesa; courtesy of Pablo Vitoria Garcia, qibvi-
gap@lg.ehu.es)



Ontheseoperatingsystemghe programwastested.Othersmayalsowork, but thisis not certified. Previous
versionsof VIEwMOL have alsobeentestedon thefollowing systems:

e IBM: AIX 4.1

e HP:HP-UX9.5 (testedonly with Mesa),

e Sun:SunOS(courtesyof Keith Refson Keith.Refson@earth.ox.ac.uk)

e PC:FreeBSD(courtesyof PedroA. M. Vazquezyazquez@igm.unicamp.br)

but sincethe authorhimselfdoesnot have accesdo ary of thesesystemgestingof newer versionswasnot
possible It can,however, beassumedhatViewmoL will atleastcompileonthesesystems.

ViewmoL 2.3is provided precompiledfor a numberof architecturesPrecompilecbinariesare packaged
separatelyrom source documentationandexamples:

e Xx86 Linux, dynamicallylinked with Motif in vi ewrol - 2. 3. bi n. Li nux. t gz (requiresglibc2
distribution like RedHat>= 5.0 or Debian>= 2.0)

e SGIIRIX 6.3inviewml -2.3.bin. IR X. tgz
e IBM RS6000AIX 4.1linvi ewrpl -2. 3. bi n. Al X. t gz
e DECAIphaOSF1linvi ewnol - 2. 3. bi n. OSF1. t gz

VIEwWMOL canbedownloadedfrom:

e Sourcelerge
http://vi ewmrol . sour cef orge. net/

e ComputationaChemistryList archive (USA)
http://ww. ccl. net/ccal sof t war e/ SOURCES/ CJ vi ewnol /i ndex. sht m

The sourcecode and the precompiledbinariesfor Linux will also be available from Metalab (formerly
Sunsite USA) or your friendly neighborhoodnirror
file://nmetal ab. unc. edu/ pub/ Li nux/ apps/ graphi cs/vi sual i zati on

BeforeinstallingVIEwMOL you needto make surethatthefollowing librariesareavailable:

e OpenGLor Mesa(libGL.so, libGLU.soor libMesaGL.solibMesaGLU.so)
Thisis probablyonly relevantfor installationson Linux. MostLinux distributionsnow includeMesa.

e Motif or Lesstif(libXm.so)
This is probably only relevant for installations on Linux. Motif can be found
at http://ww. notifzone. org/ downl oad/ . Lesstif can be found at
http://ww. |l esstif.org/.

e Python>=1.5.2
Linux distributions usually include Python. For other systemyou needto obtain Python from
http://ww. pyt hon. or g/



o TIFF library (libtiff.so)
Linux distributionsincludethis library. On Silicon Graphicsthis library is installedif thei f| _eoe
andi f | _dev package$ave beeninstalled. For othersystemsyou needto obtainandcompilethis
library (e.g. from sgi.comundergr aphi cs/tiff/tiff-v3.4-tar.gz)

Installation of the program is  simple. VIEWMOL comes as gzipped
tar file, vi ewnol - 2. 3. src. tgz. Unzip and untar it using gunzip

viewnol -2.3.src.tgz andtar -xvf viewrol-2.3.src.tar. You get three subdirecto-
ries, sour ce, nan, and exanpl es, five resourcefiles (English, German,Russian,French, Spanish),
Xdef aul t s. * , andthe configurationfile vi ewnol r ¢. Copy all files you gotinto anarbitrarydirectory

If you wantto install precompiledbinaries,download the appropriatefile for your operatingsystemand
unpackit from the samedirectory you unpacled the sourcecode. This will createa subdirectoryin the
sourcedirectorywhich holdsthe binaries(the nameof this directorystartswith the nameof your operating
systemasyou getit from unanme -s andmay containa CPU specificending). If you run the supported
operatingsystemgou have to settheervironmentvariable$Vl EWMOLPATHto pointto thedirectorywhere
you unpacledViewmMoL (thecompiled-indefaultfor VI EWMOLPATHis/ usr/ | ocal /1i b/ vi ewrol )

andtheinstallationis complete.Otherwiseyou have to recompilethe program(cf. p. 5). The programuses
dynamicalmemoryallocationsothatevery sizeof amoleculecanbehandledwhich fits the hardwarelimits

of yourworkstation.

Theinstallationdirectoryalsocontainsafile vi ewnol r ¢. You might have alook into this file andadaptit
to your needs.Theformatis describedat pagedl. In generakhedefaultsshouldwork fine.

VIEwWMOL uses by default English as language, but it has been written so
that other languages can easily be used. The distribution contains files
Xdef aul t s. <l anguage> which contain all the program messagesmenus, dialog boxes etc. in
other languages(currently English, German, Russian, French, and Spanish). If you want to use a
differentlanguagefor a systemwide installation, copy the correspondingXdef aul t s. <l anguage>
file to your applicationsdefault directory (usually/ usr/ i b/ X11/ app- def aul t s) and renameit
to Vi ewnol . If you want to usea different languageonly for someusers,instructthemto configure
the languagethrough ViewmoL’s Confi gurati on menu. ViEwMoL will run without ary of the
Xdef aul t s. <l anguage> files installed. Soif you are happy with Englishandwantto changeonly a
few settingsyoudon't needto install ary of the Xdef aul t s. <l anguage>files.

VIEwWMOL needsafew externalprogramgor someof its functions.Onceyou have installedViewmoL and
setVI EWMOLPATH, you canstartVIEwWMOL, pressCancel in thefile selectionbox which will appear
andpresstheright mousebuttonin the blue ViewmoL window. A popupmenuwill appeamwherethe last
but oneoptionis Conf i gurati on . ... Choosingthis optiondisplaysa dialogwhereyou cansetpath
namedo four externalprograms Theseare(includingtheir defaultsy:

Location of Wb browser: net scape %
Locati on of Ml och: nmol och
Location of Rayshade: rayshade

Location of display programfor RLE files: xv %

If theseprogramareinstalledandcanbefoundin your pathViEwmoL will automaticallydisplaythecorrect
pathnamesn thedialog. The % is a placeholdefor the file nameandis requiredfor programswvhich use

Themanualassumethatthe Englishversionof ViEwmoL is used.Theshortcutdor otherlanguagesredifferent,but obvious
in themenus.
2Moloch maybe called TurboPFOPIf you got TURBOMOL E from MolecularSimulationsinc.
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commandine aiguments Onceyou have setthesepathnameschooseSave from the buttonsin thedialog
andthesesettingswill bestoredpermanentlyn SHOVE/ . Xdef aul t s.

4 Compilation

VIEwMOL 2.3 hasbeenwrittenin C. For compilationof VIEwMoL you needa C compiler TIFF files are
supportedoy the freely available TIFF library which is alsonecessaryo compilethe program. It canbe
foundonmary ftp sites,e.g. atsgi.comundergr aphi cs/tiff/tiff-v3.4-tar. gz.If youwantto
link ViEwMoL with Mesainsteadof with OpenGLyouwill needMesa(ht t p: / / www. nesa3d. or g/ ).

Linux users need Motif to compile and run the program (if the program complains about
"viewrol: can’t load library "IibXmso.1 " Motif is missing). Motif is
available from http://ww. noti fzone. or g/ downl oad/ . The Motif clone Lesstif
(http://ww. | esstif.org/) canbe usedwith Viewmol startingwith version0.81. Thereare,
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 — dont worry, IBM didn't) you may type nake
(this tries to build ViIEwmMoL using OpenGL on all operating systemsexcept on Linux and Free-
BSD, to build usingMesatype make vi ewrol _nesa; nmke tm bi o readgauss readnopac
r eadganess). Theshellscriptget machi ne determineshe operatingsystemyou arerunningandsets
someoptionsfor the compiler If this doesnot work you shouldhave a look into the Makef i | e. The
optionssetareexplainedthere.They arethefollowing:

o OPT
The optimizationflag for your compiler(on Linux - 06 - mX whereX may be 486, penti um or
pent i unpr o; - Q2 otherwise).

e CFLAGS
Additional flagsfor C compiler usedto handlespecialoptimizationsandsomeincompatibilitiesbe-
tweendifferentUnix versions.

e LDFLAGS
Additional flagsneededor linker, currentlyonly usedfor SGlto distinguishbetweerdifferentlibrary
versions.

e | NCLUDE
Thepathto theincludefiles. For OpenGLcompilationthisis setto pointto theincludefilesfor libtiff,
for Mesacompilationthe pathto the Mesaincludefiles is alsoincluded(the scriptasksthe userfor
thesepathsat the beginning, thereis really no needto changearythingin thefile here).

e LI BRARY
Thepathto theadditionallibrariesrequired.Theseareatleastlibtiff andin caseof a compilationwith
Mesathe Mesalibraries (the script asksthe userfor thesepathsat the beginning, thereis really no
needto changearything in thefile here).

e LI BS
Thelibrariesneededo link VIEwMoOL. They maydiffer betweerdifferentoperatingsystemsandare
alsodifferentfor OpenGLandMesacompilationsrespectiely.
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Theget machi ne shellscriptwill askyou for the pathnamego the TIFF andPythonlibrariesandto the
includefiles necessarwith thesdibraries.If you compilewith Mesathe scriptwill alsoaskyou for thelo-
cationof theMesalibrariesandincludefiles. Youmayspecifythesegpathnamesusingernvironmentvariables
if you putthe nameof thevariablein parenthesege. g. $( HOVE) ). Thesepathnamesareassignedo the
LI BTI FF, TI FFlI NCLUDE, MESALI B, MESAI NCLUDE, PYTHONI NCLUDE, andL| BPYTHON flagsand
storedin afile . conf i g. <OS> where<(0S> is the outputof theuname - s commandonyour machine.
If thisfile alreadyexists,get machi ne doesnot askfor thesepathnames.

Silicon Graphicscompilerson 64-bit operatingsystemgIRIX64 — R8000,R10000,R12000)will produce
alot of warningmessagesoncerningcastsof pointersto integers. Thesecanbesafelyignored.

Themake procedurewill build theprogramin adirectorywhosenamedepend®ntheoperatingsystemand
typeof CPUyouareusing. Youwill find all executablesn thisdirectory After compilationfollow thesteps
underlnstallationto completetheinstallation.

5 Synopsis
VIEWMOL canbecalledasfollows:

viewrol [[-bio | -dmol | -ganmess | -gauss | -gulp | -nopac |
-pdb | -tm| -trnmsi] file]

VIEwMOL hasanautomaticfile format detectionalgorithmbuild in andshouldbe ableto identify output
files of the programssupportedvithout userintervention. VIEwMoL will alsorun Pythonscriptsgivenon
the commandine whenthe Pythonscript hasthe string pyt hon within the first 1024 charactergthis is
usuallythecasef thescriptstartswith thecommon#! / usr/ | ocal / bi n/ pyt hon or similarfirstline).
If ViIEwMOL is calledwithout parameter# will bring up afile selectionboxto selectthefile to beviewed.

If theoption- bi o is usedthefile nameof a DISCOVER file hasto bespecified.Onecanusethe. car , the
. cor,orthe. arc file of DiscoverR. VIEwWMOL alsolooksfor afile with the extension. hessi an and
triesto readthevibrationalspectrumfrom it, if it wasfound.

If theoption- drol is usedthefile nameof aDMoL/DSoLip/DMoL? outputfile hasto be specified.
If theoption- ganess is usedthefile nameof a GAMESS outputfile hasto be specified.

If theoption- gauss is usedthefile nameof a GAussIAN 9x outputfile hasto be specified.

If theoption- gul p is usedthefile nameof a GULP outputfile hasto bespecified.

If theoption- nopac is usedthefile nameof a MopPAC outputfile hasto be specified.VIEwMoL alsolooks
for afile with theextension. gpt andreadsinformationaboutbasissetsandMOs from it, if it wasfound.

If theoption- pdb is usedthefile nameof a PDB file hasto be specified.

If theoptions-t mor-t msi areusedthefile nameof a TURBOMOLE file containingatleastthedatagroup
$coor d hasto bespecified.- t mreadgheoriginal TURBOMOLE outputwhile - t nmsi allows VIEwmMOL
to readTURBOMOLE outputsfrom the TURBOMOLE versiondistributedby MSI (the only differenceis the
orderingof thenormalmodesn thecont r ol file).



6 Usageand Operating Modes

6.1 Data ReadFrom Input Files

e TURBOMOLE
Theprogramreadsthefollowing datagroupsfromthecont r ol file:

— $at ons

— $basi s

— $popl e
The basisfunctionsarereadfrom thesedatagroups. Thesedatawill be readonly if they are
available.

— $cl osed shells
Thisdatagroupis readto determinevhichmolecularorbitalsareoccupied.Thedatais necessary
for the calculationof electrondensities. Currently no openshell systemscan be handledby
VIEWMOL.

— $symmetry
Thepointgroupof the moleculeis readfrom this datagroup.

— $coord
TheCartesiarcoordinate®f the moleculecalculated.This datagroupmustbe available.

— $grad
The Cartesiarcoordinatesandgradientsof all previous stepsof a geometryoptimization. This
datagroupwill bereadonly if it is available.

— $scf no
The symmetrylabels,enegies,andMO coeficientsarereadfrom this datagroup. Thesedata
will bereadif they areavailableandif thefile containseithercorvergedor first ordermolecular
orbitals.

— $symmetry
Thepointgroupof themolecule.This datagroupwill bereadonly if it is available.

- $title
Thetitle of the calculation.This datagroupwill bereadonly if it is available.

— $vi brati onal spectrum

— $vi brati onal normal nodes
Theresultsof aforce constantcalculation. Thesetwo datagroupswill bereadonly if they are
available.

e GAMESS
GAMESs outputfiles arefirst checled for the occurrenceof the string GAMESS. If it is found the
necessarglataarecollectedfrom thisfile. At themomentno vibrationalspectracanbe displayedfor
GAMESS outputssincel dont know theformatof suchanoutput.

e GAUSSIAN 9X
Gaussianoutput files are first checled for the occurrenceof the string Ent er- i ng Gaus-
si an System If it is foundthe necessarglataare collectedfrom this file. To usethe wave func-
tion relatedtopicsin VIEwMOL with GAUSSIAN outputsGAUSSIAN mustrun with GFPRI NT and



6.2

| op( 5/ 33=1) 3to print basissetandMO coeficients. Dueto thevastlydifferentoutputscreatedy
the GAUSSIAN 9x seriesof programsit is not guaranteedhata particularoutputcanbe successfully
read. Thecommontypesof outputhave beentested put non-deéult routesthroughtheprogrammight
have generateautputwhich cannotberead.

DISCOVER

The file names for DISCOVER files can be file_nane.car,
file_nanme.cor, orfile_nane.arc. The basenameis usedto constructthe file name
file_name. hessi an (thefile with frequenciesandnormalcoordinates) All necessarglataare
extractedfrom thesefiles.

DMoL/DSoLIp/DMoL3
Thenecessarglataarecollectedfrom the. out nol file.

PDBfiles
Only the Cartesiarcoordinateandatomicsymbolsarereadfrom this file, the connectiity informa-
tion is ignoredandwill bedeterminedy VIEwMOL itself.

MoPAC

VIewMoL first checksfor the presencef afile with the extension. gpt andthe samebasenamas
theMorac outputfile. Thisfile is generated MoprAc hasbeenrunwith thekeyword GRAPH. If such
afile is found coordinatesbasisfunctions,andMO coeficientsarereadfrom this file. If suchafile
doesnotexist, coordinatesrereadfrom the MopPAC outputfile underthe headelICARTESI AN CO-

ORDI NATES. Finally, vibrationalfrequenciesand normalmodesare readfrom the MoPAC output
file, if present.

The Main Window

The programdisplaysthe moleculeaccordingto the coordinatesn the mainwindow. Following manipula-
tionsarepossible(cf. Figurel):

Holding down theleft mousebuttonandmoving the mousehorizontally
This rotateshe molecule the view point, or alight sourcearoundthey axis.

Holding down theleft mousebuttonandmoving the mousevertically
This rotateshe molecule the view point, or alight sourcearoundthex axis.

Holding down the middle mousebuttonandmoving the mousehorizontally
This rotatesghe molecule the view point, or alight sourcearoundthe z axis.

Holding down oneof the shift keys andtheleft mousebuttonandmoving the mouse
This moves(translatesjhe moleculeor anannotation.

Holding down oneof the shift keys andthe middle buttonandmoving the mouse
Thescalingof the moleculeis changed.

Pressinghe cursorkeys for moving up <1> ordown <>
The scaling of the moleculeis changed. By pressing<t> the moleculewill be enlaged and by
pressing<|> themoleculewill bemadesmaller

3GAUSsIANI8 seemso have a bug with respecto this option — no MO coeficients are printed anymore. Use lop(5/33=2)
insteadwhich, unfortunatelyalsoprintsthe densitymatrix.
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e Clicking onanatomwith theleft mousebutton

This selectgthis atom,you will heara beep.If you have clicked on oneatomandthenpressedhe

right mousebutton, the averageof all bondlengthsat this atomis displayed.If you have clicked on

two atomsandthenpressedheright mousebutton, thedistancéetweerthesewo atomsis displayed.
If you have clicked on threeatomsandthenpressedhe right mousebutton, the anglebetweenhese
threeatomsis displayed.If you have clicked on four atomsandthenpressedhe right mousebutton,

thetorsionanglebetweenthesefour atomsis displayed.To deletethe displayedvaluesuseeitherthe

Geonet ry menuitemsor repeatthe stepsabove. Clicking with the left mousebutton on an atom
may be alsonecessaryor settingor selectingsomeatomspecificvalues(vide infra).

¢ Holding down oneof the shift keys andclicking on a moleculewith theleft mousebutton
The moleculeis selected. The window title will shav the nameof this molecule. All subsequent
translations/rotadins actonly onthis molecule.

e Pressingheright mousebuttonwithout clicking on anatombefore
A menuwill appearThe menucontainghefollowing topics(thekey combinationin parenthesesan
beusedasashortcutin the Englishversion):

— Molecule...
A submenus providedwith the following topics:

* Loadmolecule...
Bringsup afile selectionboxto loadamolecule.

* Save molecule...
Brings up a format selectiondialog anda file selectionbox to save the currently selected
moleculeto file. Outputformatsaresupportedhroughexternalfilters (similar to theinput
filters) and can be installedusing optionsin the vi ewnol r ¢ file (cf. p. 41). Coordi-
natesandbondinformationare passedo the correspondingutputfilter which writesthe
file. Currently the only outputformats provided are MSI carfiles, MDL mol-files, and
TURBOMOLE.

x Deletemolecule...
Deletesthecurrentlyselectednolecule.

* New molecule...
Bringsup themoleculeeditorandstartsthe building of a nev molecule(cf. p. 27).

*x Modify molecule...
Bringsup the moleculeeditorto modify anexisting molecule(cf. p. 27).

— Selectmolecule
Provides a submenuwith the namesof all moleculescurrentlyloadedandanitem Al | and
canbe usedto changethe currentlyselectednolecule. Otherpossibilitiesto selecta molecule
consistof clicking onthe molecule(preferablywhile holdingthe shift key down) or pressinghe
Tab key, which cyclesthroughall entriesin the Sel ect nol ecul e submenu.

— Wire model(Alt+W)
Themoleculewill bedravn with lines. Thisis thedefault.

— Stickmodel(Alt+T)
Themoleculewill bedravn with sticks.

— Ball andstick model(Alt+A)
Themoleculewill bedravn with ballsandsticks.
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Figure2: Thedialogbox for settingoptionsfor bonds.

— CPKmodel(Alt+C)

Themoleculewill bedravn with CPKs.

— Geometry...

A submenus providedwith the following topics:

x Clearall (Ctrl+A)

If thistopicis selecteall labelsof bondlengths bondanglesandtorsionanglesaredeleted.

x Clearlast(Ctrl+L)

If thistopicis selectedhe label of a bondlength,bondangle,or torsionanglecreatedast

is deleted.

x UndogeometrychanggCtrl+U)

If this topic is selectedthe last geometrychange(cf. p. 27)is reversed. All geometry
changesrebufferedin the undobuffer andcanbereversedoneby oneby repeatedlysing
this menuitem. Geometrychangesanalsobereversedthroughthe moleculeeditor

— Bondtypes...

Bringsup thedialogbox shavn in Figure2.

* singleonly

All bondsaredravn assinglebonds.

*x multiple

VIEwMOL determineshebondorderfor eachbondconsideringconnectrity andelements
only (only thefollowing elementsareusedn the determinatiorof bondorders:H, C, N, O,
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F, Si, P, S,Cl, Ge,Br, I). VIEwMoL thendraws bondswith the correspondindgondorder
Bondorderscanalsobe changedn the moleculeeditor.

* conjugated
ViIEwmoL determinedondordersasfor the”multiple” option. It thendeterminesvhether
multiple bondsare conjugatedand drawvs them as such. This is the default, but canbe
overwrittenusingresourcegseep. 43).

* Shav hydrogerbonds
This buttontogglesthe display of hydrogenbonds. Hydrogenbondsaredeterminedauto-
maticallyby VIEwMOL basednadistancehreshold.

* Thresholdfor hydrogenbonds[Ang]
This slider can be usedto setthe distancethresholdfor the automaticdeterminationof
hydrogenbonds.A hydrogenbondis shavn if the distancebetweena hydrogenatomand
anothemtomis largerthanthesumof theirradii, but smallerthanthisthreshold. Thedefault
is2 A

x Scaleradiusfor all atomsby
This menuandthe slider beneatht canbe usedto scalethe Van der Waalsradiusfor an
element. Sincethe Van der Waalsradiusdetermineghe connectiity of the atomsin the
molecule,changingit will alsochangethe connectiity. The option menucanbe usedto
selectwhich elemento scaleandthe sliderallows to setthe scalingfactor

— Wave function... (Alt+V)

The dialog box shavn in Figure 3 is presented. This topic is currently only available with
TURBOMOLE, GAUSSIAN, and MoPAC outputs,and even thenonly if MO coeficients and
basisfunctionscouldbereadin andif the calculationwasclosedshell. If TURBOMOLE output
is usedandthe point groupof the moleculein $symet ry is not C1, TURBOMOLE’S moloch
programmust be available (vide supra,p. 4) andonly basisfunctions,occupiedMQ’s, and
electrondensitiescanbe dravn in this case.Since TURBOMOLE canhandleup to g functions
andGAussiAN canhandleupto f functionsthe sameimitationsapplyto VIEWMOL.

If ary wave functionrelateddrawing is displayedandthegrid resolutionis changedhedrawving
disappearandtherecalculatiorhasto beexplicitly demandedby selectinghis menuitemagain,
sincelarge moleculegequiresignificanttime for therecalculation At thetop of this dialogbox
arefive buttonswhich canbe usedto selectthe propertywhich shallbe shavn.

* All off
Thistopic disableghedraving of any wave functionrelatedtopic. Thisis thedefault.

x Basisfunction
This topic allows drawing of basisfunctions. After selectingit andclosingthe wave func-
tion dialog VIEwMoOL 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 bedrawvn.

x Basisfunctionin MO
This topic allows drawing of basisfunctionsmultiplied by the correspondingoeficientin
amolecularorbital. This topic works similar to the previous one,exceptthatthe menuwill
shav the MO coeficientsin front of all basisfunctions. If no molecularorbital hasbeen
selectedn the MO enepgy diagramwindow awarningmessagevill bedisplayed.

* Molecularorbital
This topic allows the drawving of a molecularorbital. If no molecularorbital hasbeen
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Figure3: Thedialogbox for settingoptionsfor wave functionrelatedtopics.
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selectedn the MO enepy diagramwindow awarningmessagevill bedisplayed.

x Electrondensity
Thistopic allows thedrawing of thetotal electrondensity

Next to thesebuttonsthereis asliderwhich canbeusedto selecthevalueof theisosurbiceused
to draw the propertyselected Following this slideranotherthreebuttonsallow the selectionof
theinterpolationmethodusedin draving the property

* None
No interpolationis done.Theresultingdraving normally hasa lot of edges.
* Linear
A linearinterpolationis donebetweergrid points. This givesa muchsmoothesurface.
* Logarithmic
A logarithmicinterpolationis donebetweergrid points. Thisimprovesthequality of draw-
ing further

Thedefaultis linear, but this canbeoverwrittenin theresourcdile (vide infra, p. 43). Following
is anothesliderwith canbeusedto settheresolutionof thegrid. As higherthenumberselected
hereasfiner the grid andassmoothetthe resultingsurface, but the calculationtime 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 toggle button which canbe usedto
turn automaticrecalculationof MOs etc. on wheneer the enegy level is changed Sincethese
calculationganbequitetime consumingthis buttonis off by default, but this canbe overwritten
in theresourcdile (videinfra, p. 43).

Enengy level diagram(Alt+E)

A new window will appeamwhich shavs the calculatedenegiesof the MOs in anenegy lev-
el diagram. This topic is only availableusingDMoL, GAMESS, GAUSSIAN 9X, MOPAC, or
TURBOMOLE outputs.In TURBOMOLE outputsthedatagroup$scf no mustbeavailable.

Optimizationhistory (Alt+O)

A diagramis plottedin a secondwindow which shavs the enegiesandgradientnormsof the
geometryoptimization.With thecursorkeysfor moving to theleft << > andto theright <—>
onecanseehow the geometryoptimizationworks. Alternatiely, thered crosscanbe dragged
with themouse.

Shaw forces(Alt+F)

Thecalculatedorcesactingon the atomsaredravn asarravs. Thistopic is not availableusing
DiscoVvER outputs. The topic is also not available, if no forceswere found for the current
coordinates.

Spectrum(Alt+S)
A naw window will appeamwhich shavs the calculatedspectrunfor the molecule.This topicis
only availableif aforceconstantsalculationhasbeenperformed.

ThermodynamicgAlt+Y)

Thedialogbox shavn in Figure4 is displayed.On thetop of this dialog box a numberof tabs
canbefound. All tabsexceptthe lastoneallow to selectthe displayof thermodynamicatiata
for oneof themoleculedoadedinto ViEwMoOL. Thelasttabwill displaythermodynamicadlata
for oneor moredefinedreactionsamongthe moleculedoaded.

Thescreerfor amoleculeshavs thetitle of thatmoleculeontop. Underneattit aredisplayedon
theleft handsidethe moleculamass(in g/mol), the symmetrynumberandeithertherotational
constantgfor moleculesn cm~!) or the density(for solidsin g/cn?). On theright handside
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Figure4: Thedialogboxfor handlingthermodynamicsalculations.
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Figure5: Thedialogboxfor modifying the unit cell.

thereis apopupmenuwhich allows theuserto selectwhetherthis moleculeshouldbe areactant
or aproductin areaction,or whetherit is notinvolvedin areactionatall. Thelastitemin this
popupmenu,Al | reacti ons,will forceVIEwMOL to determinealinearindependensetof
possiblereactionsbetweerall moleculesvherethis item hasbeenselected.

The remainderof the screenshavs thermodynamicatatafor the molecule. On the left hand
sidetherearea numberof buttonswhich canbe usedto selectwhich contritutions(translation,
pV, rotation,vibration) to includein the total which is usedto calculatethermodynamicatiata
for areaction.Theenthalyy, entropy, Gibbsenegy, andheatcapacityarelistedto theright, split
into contritutionsfrom translation pV, rotation,andvibration.

The screerfor reactiongnot shavn) shavs the reactionequationon top. Underneatht arethe
valuesof reactionenthalpy, entropy, Gibbsenegy, heatcapacity andthe (decadic)logarithm
of the equilibrium constantisted. The electronicand statistical-mechanicontritbutionsto the
reactionenthally arelisted separately

At thebottomall screensharea popupmenufor selectingheunitsto beused(Joulescalories,
or thermochemicatalories)andtwo sliders. Thetop slider canbe usedto selectthe tempera-
ture at which the thermodynamicatlataareto be calculatedthe bottomslider senesthe same
purposdor the pressure.

Unit cell (Alt+N)

Thedialogbox shavn in Figure5 is displayed.Thefirst buttonon theleft, vi si bl e, allows

to turn the displayof the unit cell on or off. Thethreesliderson theleft handsidecanbe used
to increaseor decreas¢he numberof unit cellsdisplayedn eachcrystallographidirection. By

default betweeroneandfive unit cellscanbeselected.

Thefirstbuttonontheright, Show M | | er pl ane, allowstoturnthedisplayof Miller planes
on or off. Thethreeslidersunderneathhis button canbe usedto selectthe Miller planeto be
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displayed.By default, all combinationdetween5 and5 for the Miller indicesarepossible.

— Shaow ellipsoidof inertia(Alt+1)
Thedisplayof theellipsoidof inertiais toggled.

— Drawing modes... (Alt+M)
Thedialogbox shavn in Figure6 is provided:

*

with dots

Drawing of sticks,balls, CPKsand/ormolecularorbitalsis doneasa dot cloud.

with lines

Drawing of sticks,balls, CPKsand/ormolecularorbitalsis donewith meshes.

with surface

Drawing of sticks, balls, CPKsand/ormolecularorbitalsis donewith an opaquesurface
which hasthe propertiedefinedin thevi ewnol r ¢ file (thesepropertieshold for sticksas
well asfor ballsor CPKs).

Lineswhile rotating

If this optionis selectedhe drawing of the moleculewill be donewith lines duringtrans-
lationsandrotations.This speedsip movementson low-endgraphicssystemsThedefault
is on, but this canbe changedn theresourcdile.

Orthographigrojection

Themoleculeis dravn usinganorthographigrojection.

Perspectie projection

The moleculeis dravn usinga perspectie projection. This kind of projectionresembles
morecloselythe way the humaneye percevesthings.

Move molecule

If this buttonis selectedll translationsandrotationscarriedout with the mouseacton the
currentlyselectednolecule.

Move view point

If this buttonis selectedall translationsandrotationscarriedout with the mouseacton the
viewpoint. This optionis only availableif perspectie projectionis used.Moving the view
pointallows the userto move into amolecule.

Movelight 1

If thisbuttonis selectedill translationsandrotationscarriedout with themouseactonlight
1.

Move light 2

If this buttonis selectedall translationsandrotationscarriedout with themouseactonlight
2.

Lights on/off, Light 1

Lightson/off, Light 2

Thesetwo button can be usedto switch lights on and off. Lights have only an effect if
the drawing modeis "with surface” and eitherthe stick, ball-and-stick,or CPK modelis
selected.

Resolutionof spheres

The numberof polygonsusedfor the drawing of sticks,ballsand/orCPKsis changed.A
highervaluemalkesthe surfacesmoresmoothlylooking, but alsodecreasedrawving speed.
A lowervaluemakesthe suriacesrougherooking, but increasesiraving speed.
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Figure6: Thedialogboxfor settingoptionsfor draving style.
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* Line width
Theline width usedfor drawing the moleculeaswire framemodelcanbeselected A value
of 0 meangdynamicdeterminatiorof the line width basedon the sizeof thewindow. This
valueis the default.

— Groundcolor (Alt+G)
The color editor appearsn a separatavindow which canbe usedto changethe color of the
groundif perspectie draving is enabledseedescriptionof the color editorbelow, p. 31).

— Backgrounccolor (Alt+B)
The color editor appearsn a separatevindov which canbe usedto changethe background
color of thewindow (seedescriptionof the color editorbelow, p. 31).

— Labelatoms(Alt+L)
The atomsarelabeledwith atomsymbolsfrom input files. A numbercountingthe atomsac-
cordingto their orderin theinputis concatenatetb the symbol.

— Annotate(Ctrl+N)

Using this topic annotationcanbe createdn the mainwindow. After selectingthis topic the
cursorturnsinto a text input cursor Clicking at ary point in the main window now allows
to enteran arbitrary text string. Pressing<returr> endsthe annotationfunction. Existing
annotationganbeeditedby simply clicking onthemor deletedby deletingall characterén the
string. Annotationscanbe movedin the sameway asthe moleculecanbe moved: hold a shift
key down, click ontheannotatiorandmove the mouse.Annotationssupporttheclipboard,i. e.
annotationganbe cutandpastedetweerapplications.

— Runscript(Ctrl+R)
A file selectionbox is displayedwhich allows the selectionof a Pythonscriptto be run within
VIEWMOL.

— Save drawing (Alt+D)
Thedialogbox shavn in Figure7 is provided which canbe usedto setfile formats,file names
andotheroptionsfor writing the drawing to afile.

x TIFF
Thecurrentdrawing of the moleculeis written outasa TIFF file. The"TIFF compression”
menu permitsthe selectionof a compressioralgorithm. If normal modesare animated
while this optionis selecteda seriesof 20 TIFF files will be written out, eachcontainsa
singleframeof theanimation.By usingstandardmagemanipulatiortoolsavailableonthe
Internetit is possibleto generatea videofile (MPEG) from theseTIFF files which canbe
includedin multimediadocumentgvideinfra, p. 41).

* HPGL
The currentdrawing of the moleculeis written out asa HPGL file for plotting on a plotter
or alaserprinter This topic is not available if the draving is donewith sticks, balls, or
CPKsandsurfaces.

x PostScript
The currentdrawing of the moleculeis written out as a PostScriptfile. If this topic is
selectedwhile the drawing is donewith sticks, balls, or CPKs and surfacesa resolution
independenPostScripfile for thedrawing is written, but sincePostScriptioesnot provide
awayto automaticallyremove hiddensurfaceshedraving maycontainsomeartifacts. The
algorithm usedtries to minimize theseartifacts, but is not always completelysuccessful.
Sometimeshanginghe orientationof the moleculeslightly or increasingheresolutionof
the spheresnight help.
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Figure7: Thedialogboxfor settingoptionsto sase adraving

Rayshade

The currentdrawing of the moleculeis written out asaninput file for RAYSHADE. This

topic is only available if the drawing is donewith sticks, balls, or CPKs. If molecular
orbitalsaredravn this topicis only availableif the MO is dravn with a surface. If normal
modesare animatedwhile this optionis selecteda seriesof 20 input files for RAY SHADE

will bewritten out, eachcontaininga singleframeof theanimation.

Landscape

Portrait

The orientationof the draving on the pagecanbe chosenf the drawing is written out as
eitheraHPGL or a Postscripfile.

TIFF compression

Canbeusedto selectthe compressiomodefor TIFF files. Dueto a softwarepatentonthe
LZW compressioralgorithmthis compressiorcanno longerbe provided.

File

Thenamefor thefile to begenerated.

Select

Bringsup afile selectionbox to selectthe namefor thefile to begenerated.

Papersize

Canbeusedto selectthe papersize.

Paperwidth in mm
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Figure8: Thedialogboxfor settingconfigurationoptions.

x Paperheightin mm
Input userdefinedpaperwidth and height. Only availableif "Papersize” is setto "User
defined”.

— Help/Manual(Alt+H)
This topic opensa window with the VIEwMOL manual. This topic is only availableif thefile
vi ewnol . ht M wasfoundin thelocation$Vl EWMOLPATH rman.

— Configuration...

The dialog box shavn in Figure 8 is pravided. At the top of this dialog the languageV 1Ew-
MOL usesin its interfacecanbe selected VIEwMOL loadsits languagespecificdatafrom files
Xdef aul t s. <l an- guage> from the directory VI EAWWOLAPATH pointsto. The four text
inputfieldscanbeusedto specifythelocationof helperprogramsviewmoL needgor someof
its operations.If the correspondingprogramwasfoundin the paththe dialogbox will already
shav thecorrectinformation. If the programsspecifiechereneedfile namesasparametersput
% asaplaceholderfor thefile namein thecommand.

A the bottomis a button Save which allows the informationenteredn this dialog aswell as
someothersettingsto be storedasresourcesn $HOVE/ . Xdef aul t s. Thefollowing settings
aresaved: positionandsizeof all openwindows, window colors,selectednodel,selectedirav-

ing mode, selectedbond type, settingof "lines while rotating”, selectednterpolationmode,
resolutionof spheresline width, selectedsosurfce, selectedresolutionfor densityof states,
settingof "automaticrecalculation” papersize,andhydrogenbondthreshold.Note: On Linux

thesettingof resourcess keptacrosdifferentinvocationsof theprogram.Saving theconfigura-
tion andrestartingV IEwmoL will thereforeapparentlynotwork. To getrid of theold resource
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settingsissuethecommandkr db - r enove $HOVE/ . Xdef aul t s or log outandin again.

— Quit Viewmol (Q)
This quitsthe program.

6.3 The SpectrumWindow

ChoosingSpect r umfrom the main window menuwill resultin a new window shawving the calculated
spectrunfor the molecule.In thiswindow the mouseactsasfollows:

e Clicking with theleft mousebuttononaline in thespectrum
Themoleculeshavs the correspondingnormalvibration.

e Clicking with the middle mousebuttonin thewindow, holdingit down andmoving themouse
This displaysa rubberbandbox with which onecanzoominto the spectrum.

e Pressingheright mousebutton
A menuwill appear

Themenucontainsthefollowing topics:

— Settingsfor spectrum.. (Alt+S)
Selectingthis topic displaysthe dialogbox shavn in Figure9.

*

Typeof spectrum

The buttons labeled Al'l npdes, | R active nodes, Raman
active nodes, and I nel astic neutron scattering can be usedto se-
lectthetypeof spectrundesired.IR active modesarethedefault.

Animation

The buttons labeled Ani mat e, Dr aw arr ows, and Di st ort can be usedto select
whetherthe normalmodesareto be shavn animatedor with arronvs or whetheryou want
to distortthe moleculealonga normalmode. A distortedmoleculecanbe saved usingthe
Save nol ecul e optionfrom themainmenu.Animationis the default.

Line shapes

ThebuttonsLi ne spect rumandGaussi an spect r umcanbeusedio selectwhether
thespectrurmis dravn assimpleline spectrunor whethera Gaussiaandshapg1] should
beapplied.Line spectrunis the default.

Weightsfor inelasticneutronscattering

Whenyou activatethis optionyou canenteravaluein thefield to theright. After choosing
the OK button all weightsaredrawvn at the atomsin the mainwindow andyou cansetan
atomsweightjustby clicking onit with theleft mousebutton. All weightsaresetinitially to
zero,sothatselecting nel asti ¢ neutron scatt eri ng asspectruntypeproduces
nothing.

Temperature

This slider canbe usedto setthe temperatureThe temperatures usedfor the calculation
of theinelasticneutronscatteringntensitiesandfor the Gaussiarshapedspectrum.
Amplitude

This slidercanbe usedto changeheamplitudeof thevibration. Its valueis multiplied with
the standarcamplitudeof a vibration. This slidercanalsobe usedto changethe distortion
of themoleculewhile Di st ort isselected.
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Figure9: Thedialogbox for settingoptionsfor the spectrum
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* Scalewave numbers
This slidercanbe usedto scalethe wave numbers.

— Selectmolecule
Providesa submenwvith the namesof all moleculesurrentlyloadedandcanbeusedto change
the moleculefor the currently displayedspectrum. Another possibility to selecta molecule
consistf pressinghe Tab key, which cyclesthroughall entriesin the Sel ect nol ecul e
submenu.

— Imaginarywave numbers
If the conformationof the moleculeis a saddlepoint you have imaginarywave numbers.The
correspondingnormal modes’canbe shavn by selectingaimaginarywave numberfrom this
submenu.

— Readobseredspectrum.. (Alt+R)
Thistopiccanbeusedio readaspectrunfrom afile anddisplayit alongthecalculatedspectrum.
Selectinghistopic opensafile selectiorboxto chosehefile. Thisfile hasto containaspectrum
with onewave numberandintensityperline. All pointsreadareconnectedy aline to form a
continuousspectrum(thereis currentlyno possibilityto reada line spectrum) Lineswith a’'#'
or aletterin thefirst columnareignored.

— Deleteobseredspectrum.. (Alt+E)
Thistopic deletesa spectrunreadwith "Readobsered spectrum”.

— Zoomout (Alt+2)
Thistopic canbe usedto zoomout of the spectrumafter previous zoom-ins. The zoommecha-
nismstoresall previous enlagementsteps.By selectingthis topic you move backonestep.

— Save drawing (Alt+D)
Thesamedialogboxasfor Save dr awi ng in themainmenuis shavn andallows youto save
thespectrumasa TIFF, HPGL, or PostScripfile (cf. p. 19).

— Forggroundcolor (Alt+F)
Theforegroundcolor of thespectruncanbe changedisingthe color editor (vide infra, p. 31).

— Backgrounccolor (Alt+B)
Thebackgroundolor of the spectrumcanbe changedisingthe color editor (vide infra, p. 31).

— Quit spectrunfAlt+Q)
This closesthe spectrumwindow.

e Pressinghearrov keys <—> and<<+>, respeciiely
The next lower and higherwave numbey respectiely is selectecandthe moleculeshaws the corre-
spondingnormalvibration. Normal vibrationsof imaginarywave numberscanbe displayedin this
manneytoo.

6.4 The Optimization History Window

ChoosingOpt i m zati on hi st ory fromthemainwindovy menuwill resultin anexv window shaving
the enegy and gradientnorm in dependencef the stepnumberof the geometryoptimization. In this
window the mouseactsasfollows:

e Pressingheleft mousebuttonandholdingit down
Thered crossshawving the actualstepof the geometryoptimizationcanbe moved with the mouse.
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Figure10: Thedialogbox for settingoptionsfor the optimizationhistory

Themainwindowv shavs the correspondinggeometry Changingthe actualstepcanalsobe achieved
usingthe cursorkeys for moving to theleft <<+-> andto theright <—>, respecirely.

¢ Pressingheright mousebutton
A menuwill appear

Themenucontainsthefollowing topics:

— Settingsfor history... (Alt+S)
Selectingthis topic displaysthe dialogbox shavn in Figure10.

*x Enegies
If this buttonis selectedhe enepgy cune is dravn. Thedefaultis on.
x Gradientnorms
If this buttonis selectedhegradientnormcurwe is dravn. Thedefaultis on.

x Scales
This buttontogglesdraving of the scaleson andoff. Thedefaultis on.

— Selectmolecule
Provides a submenuwith the namesof all moleculescurrently loadedand can be usedto
changethe moleculefor the currently displayedoptimizationhistory Another possibility to
selecta moleculeconsistsof pressingthe Tab key, which cyclesthroughall entriesin the
Sel ect nol ecul e submenu.

— Animate(Alt+A)
Selectingthis topic will animatethe optimizationhistory To stoptheanimationselectthistopic
again.

— Save drawing (Alt+D)
Thesamedialogbox asfor Save dr awi ng in themainmenuis shavn andallows youto save
the optimizationhistoryasa TIFF, HPGL, or PostScripfile (cf. p. 19).

— Colorfor enegy (Alt+E)
Thecolorfor theenegy curve canbe changedisingthe color editor (vide infra, p. 31).

— Colorfor gradientnorm (Alt+G)
Thecolorfor thegradientnorm curve canbe changedisingthe color editor (vide infra, p. 31).
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Figurell: Thedialogbox for settingthe enegy unitsfor the MO enegy level diagram

— Backgrounccolor (Alt+B)
Thebackgrounctolor of thediagramcanbe changedisingthe color editor (vide infra, p. 31).

— Quit history (Q)
This closesthe optimizationhistorywindow.

6.5 The Energy Level Diagram Window

Choosingener gy | evel di agr amfromthemainwindovy menuwill resultin anewv window shaving
the calculatedVO enegiesin anenegy level diagram.In thiswindow the mouseactsasfollows:

¢ Clicking with theleft mousebuttononaline
A box appearsontainingthe symmetryand the enegy for this MO. Selectinga MO canalsobe
achiered by pressinghe cursorkeys for moving up <1> anddown <>, respectiely.

e Clicking in thewindow, pressinghe middle mousebuttonandholdingit dovn
With therubberbandbox dravn onecanzoominto thediagram.

e Pressingheright mousebutton
A menuwill appear
Themenucontainsthefollowing topics:
— Settingsfor enegy level diagram... (Alt+S)
Selectingthistopic displaysthe dialogshavn in Figurell.

* Units
The four buttonscan be usedto selectthe enegy unit. Available are Hartrees(default),
kJ/mol,eV, andcm™!.
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* Resolutionfor densityof states
This slider canbe usedto changethe resolutionfor the densityof states.A smallervalue
resultsin a higherresolution. The defaultis 0.01. The minimum, maximum,anddefault
valuescanbesetin theresourcdile. (videinfra, p. 43).

— Selectmolecule
Provides a submenuwith the namesof all moleculescurrently loadedand can be usedto
changethe moleculefor the currently displayedenegy level diagram. Another possibility to
selecta moleculeconsistsof pressingthe Tab key, which cyclesthroughall entriesin the
Sel ect nol ecul e submenu.

— Transition(Alt+T)
This topic canbe usedto calculatethe enegy for a transitionbetweentwo MO’s. Thistopicis
availableonly if oneMO wasselectedy clicking onit. Choosingthis menutopic followed by
clicking onanotherMO draws aline shawing thetransitionanda box containingthe symmetry
labelsandthe enepy differencebetweerthesetwo MQO’s. Furtherclicks on otherMO’s repeat
calculationsof enepy differences.To leave this modeclick eithersomevherein the window
wereno MQ’s areor selectthis topic from themenuagain.

— Zoomout (Alt+2)
This topic canbe usedto zoomout of the diagramafter previous zoom-ins. The zoommecha-
nismstoresall previous enlagementsteps.By selectingthis topic you move backonestep.
— Save drawing (Alt+D)
Thesamedialogboxasfor Save dr awi ng in themainmenuis shavn andallows youto save
theenepy level diagramasa TIFF, HPGL, or PostScripfile (cf. p. 19).
— Draw densityof stateqAlt+D)
Thistopic canbe usedto togglebetweerthe densityof statesandthe enegy level diagram.The
enegy level diagramis thedefault.
— Forggroundcolor (Alt+F)
Theforegroundcolor of thediagramcanbe changedisingthe color editor (vide infra, p. 31).
— Backgrounccolor (Alt+B)
Thebackgroundolor of the diagramcanbe changedisingthe color editor (vide infra, p. 31).
— Quit enegy diagram(Q)
This closestheenengy level diagramwindow.

7 Editing molecules

ViEwmMoL now allows thebuilding andediting of moleculesBondlengths bondanglesandtorsionangles
of anexisting moleculecanbe changedatomscanbereplacecandaddedor deleted New moleculescanbe
build.

7.1 Changingbond lengths,bond angles,and torsion angles
To changea bondlength,a bondangle,or atorsionangleclick onthe corresponding@tomsandthenpress

theright mousebutton. Thiswill displaythelengthof thebondandthe valueof the bondor torsionangle,
respectrely (cf. p. 10). Now click onthe numberwith the left mousebutton. A cursorwill appeamndthe
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valuedisplayedcanbe changedAfter pressingRet ur n the new valuefor the bondlength,bondangle,or
torsionanglewill be set. The atomwhich hasbeenclicked on first (andall atomsconnectedo it) will be
moved. It is impossibleto changebondlengths bondanglespr torsionanglesf they arepartof aring. All
changesn geometrycanbereversedby usingundo geonetry change fromtheGeonet ry menuor
the correspondindputtonin the moleculeeditordialogbox. The numberof undosis unlimited.

7.2 Adding or replacingatoms

Fromthemainwindow menuselectheModi fy nol ecul e entryintheMbl ecul e submenuThedialog
box shavn in Figure12is displayed.The upperpartcontainsthe periodictableof elementsaandallows the
selectionof the elementto be addedor usedasreplacement.

In themiddletherearea numberof buttonsfor selectingdifferentoperationsaandcertaindefaults. Theseare
thefollowing:

¢ Changegeometry
If this item hasbeenchoseratomscanbe selectedvith the mouseandgeometrychangesarriedout
asdescribedn the previoussection.

e Addatom
An atomof the elementselectedn the periodictablewill be attachedo the atomin the molecule
clicked on with the left mousebutton. The new bondwill have the bondorderselectedn the editor
dialogboxandabondlengthwhichis 90% of thesumof theatomicradii (readfrom thevi ewnol r ¢
file). Thelocal geometryof the atomclicked on will be changedo reflectthe currentcoordination
of this atom (two bond partners— linear, three— trigonal planar four — tetrahedralfive — trigonal
bipyramidal,six — octahedralseven— pentagonabipyramidaletc.).

e Deleteatom
An atom clicked on with the left mouse button will be deleted. If Del eting
at ons changes | ocal geonetry is turnedon the local geometryof the atom(s)connected
to the deletedonewill be changedn the sameway asdescribedunderAdd at om Otherwisethe
local geometryremainsasbefore.

e Replaceatom
The atomclicked on with the left mousebutton is replacedby the elementselectedn the periodic
table.Bondlengthsareadjustedo reflectthe new elementaslong asthe atomchangeds not partof
aring.

e Createbond
A new bondwill becreatedbetweerthetwo atomsclicked on with the left mousebutton. This bond
will have theorderselecteduinderBonds ar e.

¢ Remwebond
The bondbetweerthe two atomsclicked on with the left mousebuttonis deleted.Bondscreatedor
removed by the userhave precedencever bondscreatedautomatically This meanghatonceabond
hasbeencreatedby the useronly theusercanremore it andvice versaregardlesof whathappengo
themolecule.
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e Changebondorder
The bondbetweerthe two atomsclicked on with the left mousebuttonis assignedhe bondborder
selectedunderBonds ar e.

¢ Torsionanglesdefaultto

While building a moleculebondlengthsof newly createdbondsare setto 90 % of the sumof the
atomicradii of thebondedatomsandbondanglesareassigneaccordingo thecoordination.Torsion
anglescanbe selectedrom this menu.Availablevaluesaretrans(180C), cis (90°), gauchg60°), and
—gauchg—60°). This allows the constructiorof morecomplicatedmolecules.Thetorsionangleis
always measuredlongthe backboneof a molecule,i. e. while building e. g. a hydrocarborchain
the torsion angleis always measureetweenthe carbonatoms. The backboneof a moleculeis
determinedby countingall atomsattachedo oneatomandfollowing the bondswhich connectthe
atomswith thelargestnumberof otheratomsattached.

e Bondsare
This menuallows the selectionof the bondorderfor bonds. Availablearesingle,double,andtriple.
Bond conjugationandhydrogenbondsare determinedautomaticallyaccordingto the respectie set-
tingsin theBond t ype menu.

¢ Deletingatomschangedocal geometry
If anatomis deletedthe local geometryof the atom(s)bondedto it caneitherbe left unchangeabr
modified accordingto the new coordination. This switch canbe usedto selectwhich behaior is
preferred.

In the bottomrow of the moleculeeditordialogboxis a buttonUndo geonet ry change whichcanbe
usedto reverseall changego the molecule(exceptchangedo bonds).The numberof undosis unlimited.

7.3 Example: Building cyclohexane

Cycloheanein its chair configurationhas a structurewhich seemsquite complicatedto generate but
it can easily be built using ViIEwmMoL’s moleculebuilder. First, start VIEwMOL without ary parame-
ter on the commandline and pressCancel in the file selectionbox which popsup. You shouldnow
hase an empty windowv on your screen. Pressthe right mousebutton within this window and select
Mol ecul e/ New nol ecul e ... from the pop-upmenu. The moleculeeditor will openup. We start
building cyclohexaneby building oneof thetetrahedra:

e SelectCfrom the periodictable.

e Click with theleft mousebuttonin ViewmoL’'s window. Thiswill placethefirst carbonatomatthe
origin.

e Click with theleft mousebutton on thefirst carbonatom. This will attachthe secondcarbonatomto
thefirst.

e Click with theleft mousebuttononthesecondccarbonatom. Thiswill attachthethird carbonatomto
thesecond.

¢ SelectHfrom theperiodictableandclick twice onthecentralcarbonatom. Themoleculeshouldnowv
look like theleft onein Figure13.
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Figure13: Building cyclohexane

To continuebuilding cyclohexanewe have to remembethatthetorsionanglesamongthe carbonatomsal-
ternatebetweergaucheand—gauchewvhich canbe determinedasilyby looking atthe Newmanprojection:

Hy

e SelectCagainandsetthedefault torsionangleto gauche.

e Click on oneof the endcarbonatoms. ThenselectH andclick on the samecarbonatomtwo more
times.

¢ Changethe default torsionangleto —gaucheandrepeatthe lasttwo stepson the just addedcarbon
atom. Themoleculeshouldnow look like the onein the middle of Figure13.

e Changethe default torsionangleto gaucheagainandadda carbonatomandone hydrogenatomto
thelastcarbonatom. The moleculewill now look like theright onein Figure13.

¢ Changdhedefaulttorsionangleto transandaddthe seconchydrogenatomto the carbonatomadded
last.

¢ Now changehedefaulttorsionangleto —gaucheandaddonehydrogeratomto thenext carbonatom
in thering, thenchangeahedefault torsionangleto transandaddthe seconchydrogeratom.

¢ Finally, completecyclohexane by addingfirst a hydrogenwith the default setto transandthana
hydrogenwith the default setto gauchdo the next carbonatomin thering.

8 The color editor

All menuscontainitemsfor changingcolors. Selectingone of theseitems displaysthe color editor (cf.
Figure14). In thefirst row of the color editordialog box area numberof differentcoloredboxes. You can
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Figure14: Thecolor editor

selectone of thesecolorsjust by clicking in the correspondingpox with the left mousebutton. The color
you wantto changein the picture changestoo, but this is not a permanenthangeuntil you click the OK
button.

If noneof the colorsin the boxessatisfiesyour needsyou cansetup your own color by moving oneof the
slidersfor red,green,or bluewith theleft mousebutton. The colorin the pictureyou wantto changeshawvs
thecurrentlyselectedcolor andby clicking the OK buttonyou changeyour color permanently

If thecoloreditorhasbeenbroughtupto editthebackgroundolorof themainwindow threebuttonslabeled
Snoot h arepresent.Activating ary of thesebuttonswill createa color rampfor the correspondingolor
andmix it with the otherRGB componentsThesliderfor this colorthenhasno effect. Thatwayinteresting
shadingeffectsin thebackground¢canbe generated.

9 Programming VIEWMOL with Python

VIEWMOL canbe programmedising Python. The Pythoninterpreterembeddedn ViEwmoL hasbeen
extendedby themodules:

e atom

e el enent

ener gyl evel

hi story

| abel

li ght
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e nol ecul e
e spectrum

e Vi ewnol

which allow Pythonprogramsaccesgo VIEwWMOL's internaldatamodelandfunctions. Eachmodulepro-
videsa numberof functionsfor usein Pythonprograms.

9.1 The at ommodule

get El enent ()
Returngheel enment objectfor anatom.

get Coor di nat es()
Returnsatupelwith thex, y, andz coordinate@ndthe nameof anatom.

radi us( [rad] )
Setsor returnsthe VanderWaalsradiusfor anatom. If rad is givenit hasto beadouble.TheVander
Waalsradiusis measuredn Angstr@ms.

radi usScal eFact or ( [scalefctor] )
Setsor returnsthe scalefactorfor theradiusof anatom. If scaleRctor is givenit hasto beadouble.
Thescalefactormustbe greatethanor equalzero.

neut ronScat t eri ngFact or ( [factor] )
Setsor returnsthe neutronscatteringactorfor anatom. If factor is givenit hasto beadouble.The
neutronscatteringactormustbe greaterthanor equalzero.

nanme( [namg )
Setsor returnsthenameof anatom. If nameis givenit hasto beastring. The maximumlengthof the
stringis eightcharacters.

r epl ace( elementSymbpl
Replaceghe atomwith anatomof elementelementSymboklementSymbdiasto be a stringanda
valid elementymbol.

del ete()
Deletesthis atom. Note: Atoms cannotbe deletedusingPythons del operatorsincePythonworks
onVIEwWMOL’s datastructures.

9.2 Theel enent module

dar kCol or ( [red,greenblue] )
Setsor returnsthered, green,andblue valuesfor the darkestpartof anatomof anelement.If red,
green andblue are given they have to be floatsbetween0.0 and 1.0. If the color is queried,it is
returnedasatupelof red,greenandbluevalues.

| i ght Col or ( [red,green,blue] )
Setsor returnsthered, green,andblue valuesfor the lightestpart of anatomof anelement.If red,
green andblue are given they have to be floats between0.0 and 1.0. If the color is queried,it is
returnedasatupelof red,greenandbluevalues.
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em ssi onCol or ( [red,green,blue] )
Setsor returnsthered, greenandblue valuesof thecolor anatomof anelementemits. If red, green
andbluearegiventhey have to befloatsbetweerD.0and1.0. If thecoloris queried,t is returnedas
atupelof red,greenandbluevalues.

ambi ent Col or ( [red,green,blue] )
Setsor returnsthered, green,andblue valuesof the ambientcolor of anatomof anelement.If red,
green andblue are given they have to be floatsbetween0.0 and 1.0. If the color is queried,it is
returnedasatupelof red,greenandbluevalues.

specul ar Col or ( [red,green,blue] )
Setsor returnsthered, green,andblue valuesof the specularcolor of anatomof anelement.If red,
green andblue are given they have to be floats between0.0 and 1.0. If the color is queried,it is
returnedasatupelof red,greenandbluevalues.

shi ni ness( [shinines$ )
Setsor returnsthe shininesof anatomof anelement.If shininesss givenit hasto beafloat between
0.0and128.0.

t ransper ancy( [transpeancy] )
Setsor returnsthetransperancof anatomof anelement.If transpeancyis givenit hasto be afloat
betweerD.0and1.0.

9.3 Theener gyl evel module

show()

Displaysthe enegy level diagramwindow for amolecule.

uni t ( [unit] )
Setsor returnstheenegy unit for theenegy level diagram.unit hasto be oneof theintegerconstants
HARTREE, KJ/ MOL, EV, or 1/ CMdefinedin theener gyl evel module.

resol uti on( [resolution] )
Setsor returnstheresolutionfor the enegy level diagram.resolutionhasto be a doublegreaterthan
zero.

mode( [ modg )
Setsor returnsthe modefor the enegy level diagram. modehasto be one of the integer constants
ENERGY_LEVELS or DENSI TY_OF_STATES definedin theener gyl evel module.

sel ect M mo1[, mo2] )
Selectsoneor two molecularorbitals.molandmo2have to beintegersbetweer0 andthe numberof
molecularorbitals.

desel ect ()
Deselectsnolecularorbitalswhich have beenselectedvith acall to sel ect MO.

saveDr awi ng( format,filename
Savestheenegy level diagramto file. formathasto be oneof theinteger constants'l FF, HPGL, or
POSTSCRI PT definedin thevi ewnpl module. filenamehasto be a string containingthe nameof
thefile thedrawing is savedto.
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9.4 The hi st ory module
show()

Displaysthe optimizationhistorywindow for amolecule.

showEner gy( statu3
Setsthedisplaysof theenepgy curve to status statushasto be oneof theintegerconstant$ON or OFF
definedin thevi ewnol module.

showG adi ent ( statug
Setsthe displaysof the gradientcurve to status statushasto be oneof the integer constantON or
OFF definedin thevi ewnpl module.

showScal es( statu3
Setsthedisplaysof thescaledo status statushasto beoneof theintegerconstant$N or OFF defined
in thevi ewnrol module.

ani nat e( statug
Setsthe animationof the optimizationhistoryto status statushasto be oneof the integer constants
ON or OFF definedin thevi ewnpl module.

i teration( [iteration] )
Setsor returnsthe iteration displayed. iteration hasto be an integer between0 and the numberof
optimizationstepsfor this molecule.

saveDr awi ng( format,filename
Savestheenegy level diagramto file. formathasto be oneof theinteger constants'l FF, HPGL, or
POSTSCRI PT definedin thevi ewnpl module,filenamethe nameof thefile the drawing is saved
to.

9.5 Thel abel module

| abel ( [modg] )
Createsa new label. modeis an optionalinteger denotingwhetherthe label is editableby the user
maovableby theuser or both. In thefirst casemodehasto besetto theintegerconstanEDI TABLE, in
the secondcaseto the integer constantMOVABLE, andin thelastcaseto EDI TABLE | MOVABLE.
Theintegerconstantaredefinedin thel abel module.Thedefault modeis editableandmovable.

transl ate(x,y, 2
Setsthe positionof alabel. x, y, andz areintegersspecifyingthe coordinatef the labelin pixels.
Thez coordinatehasno effect.

text ( [text] )
Setsor returnsthe text of an label. If presenttext hasto be a string. The maximum numberof
charactergor alabelis limited to 255.

set Col or ( red,green,blue alpha
Setsthered,green blue,andalphacomponent®f alabel’s color. red green blue, andalphahave to
befloatsbetweer0.0and1.0. Thedefault color for alabelis black.

del ete()
Deletesalabel.
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9.6 Thel i ght module

rotate(x,y,2
Rotatesalight. x, y, andzaretheangleghelight is to berotatedaboutthex, y, andz axis,respectrely.
Theseareintegersandaremeasuredn degrees.

swi t ch( statu$
Switchesa light on or off. statusis oneof theinteger constant$ON or OFF definedin thevi ewnol
module.

9.7 The nol ecul e module

nmol ecul e()
Createsa new instanceof a moleculeobjectandreturnsa referenceto it. Note: To obtain object
referencedo moleculesalreadyloadedinto ViIEwMoL usethe get Mol ecul es function of the
vi ewrol module.

transl ate(x,y,2
Translategshifts) moleculeby x, y, andz alongthex, y, andz axis, respectrely. x, y, andz have to
beintegersandaremeasuredh pixels of thescreen.

rotate(xy,2
Rotatesnoleculeby X, y, andz aboutx, y, andz axis,respectiely. X, y, andz have to beintegersand
aremeasuredn degrees.

get Spectrum()
Createsnaw instanceof aspectrunobjectandreturnsareferencdo it if thereis spectrainformation

associatedvith this molecule.

get EnergylLevel s()
Createsa naw instanceof an enegy level objectandreturnsa referenceo it if thereis information
aboutenegy levelsassociateavith this molecule.

getHi story()
Createsanhew instanceof a historyobjectandreturnsareferenceoiit if thereis informationaboutthe
optimizationhistoryassociateavith this molecule.

showFor ces( statu3
Setsthedisplayof forcesfor all moleculedo status statushasto be oneof the integer constant<ON
or OFF definedin thevi ewnrol module.

get At ons()
Returnsalist containingreferenceso all atomobjectsthe moleculeis composeaff.

get Bonds()
Returnsa list of tupelsdescribingall bondsin the molecule. The tupelsconsistsof threeintegers
(atoml, atonR, order) whereat oml andat on? aretheindicesof the two atomsforming
thebondandor der isthebondorder Thebondordercanbe-1, -2, 1, 2, or 3 for hydrogen/\én der
Waals,conjugatedsingle,double,andtriple bonds respectiely.

get Wavenurmber s()
Returnsa list of tupelsdescribingall wave numbersof the molecule. The tupel consistsof four
floatsandonestring (waveNurber, | R ntensity, Ranmanlntensity, |NSIntensi-
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ty, symetry) wherewaveNurmber is the wave numberin cm—!, | Rl nt ensi t y, Raman-
I nt ensi ty,andl NSI nt ensi ty arethelR, Ramanandinelasticneutronscatteringntensitiesn
percent,andsynmet r y is alabeldescribinghe symmetryof the mode.

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

bondAver age( atom
Returnsthe averageof the lengthsof all bondsinvolving atomatomin Angstrams.atomis anatom
object.

bondLengt h( atom1,atom2[, length,unit] )
Returnsor setsthe lengthof the bondbetweeratomsatomlandatom2 atomlandatom2have to be
atomobijects,the bondlengthis returnedn Angstrﬂms.lf lengthandunit aregiven,the bondlength
is set. lengthis a double,unit a string containingeither Ang, au or bohr , or pmfor Angstrzms,
atomicunits, or picometersEverythingelseis interpreteohs,&ngstmms.

bondAngl e( atom1,atom2,atom3[, angle] )
Returnsor setsthebondangleatomtatom2-atom3 atom1, atom2 atom3areatomobijects.If angle
is giventhebondangleis set.anglehasto be a doubleandis measuredn degrees.

t or si onAngl e( atoml,atomsZatomS,atom4[,torsionAngId )
Returnsor setsthetorsionangleatom}atom2-atom3-atom4 atoml, atom2 atom3 atom4areatom
objects. If torsionAngleis given the torsionangleis set. torsionAnglehasto be a doubleandis
measuredn degrees.

get Ther nodynarmi cs( property typg
Returnsathermodynamicapropertyof the molecule.propertyandtypeareintegers.propertycanbe
oneof theintegerconstant&ENTHALPY, ENTROPY, G BBS_ENERGY, or HEAT_CAPACI TY defined
in thenol ecul e module.typecanbeoneof theintegerconstant§ RANSLATI ON, PV, ROTATI ON,
VI BRATI ON, or TOTAL alsodefinedin thenol ecul e module.Thereturnedthermodynamigrop-
ertywill bein Sl units.

reacti on( [side] )
Setsor returnswhetherthe moleculeis a reactantor a productin a reaction. sideis aninteger and
canbe setto of the integer constantsREACTANT, PRODUCT, or ALLREACTI ONS definedin the
nol ecul e module.

showEl ect rons( type[, gridResqutionjnterpolation] )

Displayswave function relatedpropertiesof the molecule. typeis aninteger andcanbe setto one
of the integer constant8BASI S_FUNCTI ON, BASI S_I N.MO, MOLECULAR_ORBI TAL, or DENSI -

TY definedin the mol ecul e module. gridResolutionis a doublespecifyingthe resolutionof the
grid usedto calculatethe isosurfice. Larger valuesfor gridResolutionresultin smootherdisplays.
interpolation is an optional integer and can be one of the integer constantsl P_.NONE (no inter
polation),| P_LI NEAR (linear interpolation),or | P_LOG (logarithmicinterpolation)definedin the
nol ecul e module.

sel ect Basi sf uncti on( atom,name coun)
Selectsabasisfunctionfor display atomis anatomobjectspecifyingwhich atomthe basisfunction
belongsto. nameis a string specifyingwhatkind of basisfunction (s, p, d, etc.) to select.countis
an integer specifyingwhich of the s, p, d, etc. functionsto select. Assumeatom1 is a carbonatom
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in a calculationusinga DZVP basisset. It thereforehasthrees functions. sel ect Basi sf unc-
tion(1, "s", 1) wouldselectthelsfunction,sel ect Basi sfunction(1, "s", 2) the
first 2sfunction,andsel ect Basi sfunction(1, "s", 3) thesecond®sfunction.

uni t Cel | ( visible[, afac,bfac,cfac] )
Setsvisibility andnumberof replicasof unit cell. visible hasto be oneof theinteger constant<ON or
OFF definedin thevi ewnpl moduleto turndisplayof theunit cell on or off. afac bfac andcfacare
doublesspecifyingthe numberof replicasof the unit cell to be displayedalongthe a, b, andc axis,
respectrely. Fractionsareallowedfor afag bfac andcfac

mi | | er Pl ane( visible[, h,k,1] )
Setsvisibility andorientationof Miller plane.visiblehasto beoneof theintegerconstant$ON or OFF
definedin thevi ewrrol moduleto turn displayof a Miller planeon or off. h, k, andl areintegers
specifyingthe Miller indicesof the planeto display

addAt on( symbol[, attach] )
Addsanatomto the molecule.symbolis a string containingthe elementsymbolof the atomto add.
attach is anatomobjectspecifyingthe atomthe nenly addedatomshouldbe attachedo. attach can
beomitted,but thisis only usefulfor addingthefirst atomto amolecule.

9.8 Thespect rummodule

show()

Displaysthe spectrumwindow for amolecule.

node( [moddg )
Displaysthe modespecifiedor returnsthe modedisplayed.modehasto be aninteger bbetweerD and
the maximumnumberof vibrationalmodesfor this molecule.

desel ect ()
Deselectsnodespreviously selectedvith a call to nrode.

type( [type] )
Setsor returnsthetype of the spectrumdisplayed typehasto be oneof theinteger constant$SPEC-
TRUMALL, SPECTRUMI R, SPECTRUMRANMAN, or SPECTRUM NS definedin the spect rum
moduleto setthe displayto all modes,IR active modes,Ramanactive modes,or inelasticneutron
scatteringdisplay

di spl ay( [type] )
Setsor returnstheway normalmodesaredisplayedtypehasto be oneof theintegerconstant&ANI -
MATE, ARROWS, or DI STORT definedin thespect r ummoduleto displaynormalmodesanimated,
with arraws, or asdistortion.

styl e( [style] )
Setsor returnsthedisplaystyle of the spectrumstylehasto beoneof theintegerconstantd.| NES or
GAUSSI ANS definedin thespect r ummoduleto setthe displaystyleto line spectrumor gaussian

spectrum.

anpl i t ude( [amplitudd )
Setsor returnsthe amplitudeof a normalmode.amplitudehasto beadouble.

scal eFact or ( [factor] )
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Setsor returnsthe scalefactorfor thewave numbersn a spectrumfactor hasto beadouble.

zoom( x1,y1,x2,y2)
Setsthezoomof thespectrumxl, y1, x2, andy2 aredoublesspecifyingthe minimumandmaximum
valuesof wave numbersandintensities respectrely, to be displayed.x1 andx2 aswell asyl andy?2
cannotbeequal.

saveDr awi ng( format,filename
Savesthe spectrunto file. format hasto be one of the constantsTl FF, HPG., or POSTSCRI PT
definedin thevi ewnol module filenamethe nameof thefile thedrawing is to be savedto.

Thespectrumwindow canbe closedby deletingthe spectrumobject.

9.9 Thevi ewnol module

| oad( filenamé
Loadsa moleculeinto VIEwMoOL. filenamehasto be a string containingthe name(andpathif neces-
sary)of thefile to load.

save( moleculefilename format)
Saresmoleculemoleculein theformatformatto file flename moleculehasto be a moleculeobject,
filenameastringgiving thenameof thefile (includingpath,if appropriate}hemoleculeis to besaved
to, andformata string describingtheformatin which themoleculeis to be saved. formatcanbeary
of thestringsgivenaftertheout put keywordin vi ewnrol r ¢ (currentlycar , ar ¢, nol , ort m.

del et e( moleculé
Deletesmoleculemolecule moleculehasto bea moleculeobject.Note: Moleculescannotbe deleted
usingPythons del operatorsincePythonworkson VIEwMOL's datastructures.

get Mol ecul es()
Returnsalist of themoleculedoadedinto VIEwMOL.

get Li ghts()
Returnsalist of theavailablelights.

get Label s()
Returnsalist of all labelsknown to VIEWMOL.

model ( [ model )
Setsor returnsthe modelusedto display molecules. modelhasto be one of the integer constants
W REMODEL, STI CKMODEL , BALLMODEL , or CPKMODEL definedin thevi ewrrol moduleto set
the modelto wire model,stick model,ball-and-stickmodel,and CPK model,respectiely.

dr awi ngMode( [modd )
Setsor returnsthe drawing modefor molecules.modehasto be one of the integer constantDOT,
LI NE, or SURFACE definedin thevi ewnrol moduleto setthedraving modecorrespondingly

proj ecti on( [projection] )
Setsor returnsthe projection.projectionhasto be oneof theintegerconstant$ORTHO or PERSPEC-
TI VE definedin thevi ewrrol module.

spher eResol uti on( [resolution] )
Setsor returnsthe resolutionfor spheresand cylinders. resolutionhasto be an integer Higher
resolutiongresultin smoothelooking spheresandcylinders.
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| i neW dt h( [width] )
Setsor returnsthe line width for wire modeldisplays. width hasto be aninteger If width is setto
zerotheline width is calculatecbasedn the sizeof thewindow.

gr oundCol or ( [red,green blue] )
Setsor returnsthe color of thegrounddisplayedf the projectionis setto PERSPECTI VE. red, green
andblue arefloatsspecifyingthe red, green,andblue component®f the groundcolor. They have to
bebetweer0.0and1.0. If thegroundcoloris retrieved, atupelwith thered,green,andbluevaluesis
returned.

backgr oundCol or ( [red,greenblue] )
Setsor returnsthe color of the backgroundred, green andblue arefloatsspecifyingthered, green,
andbluecomponentsf thebackgroundolor. They haveto bebetweerD.0and1.0. If thebackground
coloris retrieved, atupelwith thered,green,andbluevaluesis returned.

| abel At onrs( statu$
Specifiesvhetheratomsshouldbelabeled.statusis aninteger setto oneof the constant$ON or OFF
definedin thevi ewnol module.

saveDr awi ng( format,filename
Savesthe drawing to file. format hasto be one of the constantsTl FF, HPGL, POSTSCRI PT, or
RAYSHADE definedin thevi ewnol module filenamethenameof thefile thedrawing is to besaved
to.

i sosurface( [level] )
Setsor returnswhich isosurfice to display for wave function relateddrawvings. level hasto be a
double.

showTher nodynami cs( [selec] )
Displaysthethermodynamicslialog. selectis anintegerspecifyingwhich tabto display Thisinteger
hasto be eitherone of the integer constantsREACTI ON or OFF definedin the vi ewrrol module
or an integer betweenl andthe numberof moleculeloaded. In the first casethe reactionpageis
displayedjn the secondcasethe thermodynamicslialogis closed,andin all othercaseghe pagefor
the correspondingnoleculeis shavn.

redraw()
Redravs the mainwindow of VIEwMOL. Redravs arenecessaryo make changewisible performed
usingothermethodsof thevi ewnol module.

get FranmesPer Second()
Returnghedrawing speedof thelastredrav of VIEwMOL's mainwindow in framespersecond.

quit()
QuitsVIEWMOL.

10 Adapting the Program to a Differ ent Language

VIEwMOL hasbeenwrittento take full advantageof thelanguagendependencef X windows. All program
messagesnenus dialog box texts etc. are storedoutsideof the programin resourcdiles. Thereforeit is
possiblethat different userscan run the sameVIEwMOL executablein differentlanguageson the same
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computer Currently five languagesiresupported:English, Frenci, German,Spanisf, andRussiaf. To
adaptVIEwmMOL to anotheldanguageonly the Xdef aul t s. <l anguage> file hasto betranslatedFor a
native spealer of thelanguagehis will take betweend5 and60 minutes.

The Xdef aul t s. <l anguage> files provided with VIEWMOL have threesections. The first sectionis

relatedto the installationof external supportprogram,the secondsectioncontainsdefault settings(seep.

43). Thethird sectioncontainsall languagedependenimessageandthis is the only sectionwhich needs
translation. To translatetranslatesverythingright of the colon. The strings'%s’, '%d’, or '%f’ markthe

positionof namesor numberswhich arefilled in by the programandmustremainin thetranslatedversion
atthe appropriateosition. After translationinstall the new Xdef aul t s. <l anguage> file asdescribed
in theInstallationsection(cf. p. 2) andViIEwmMoL will talkin yourlanguage Theauthorwould appreciate
to getacopy of thetranslatedesourcdile for inclusionin the next public release.

11 The making of multimedia files

If normalmodesareanimatedandtheuserselectsSave dr awi ng/ Tl FF from themainwindov menua
seriesof TIFF filesis written out, onefor eachframeof the animation(currently20 frameswhich cannotbe
changedy theuser).TheseTIFF filescaneasilybecorvertedto avideofile (MPEG)shaving theanimation
usingstandardmagemanipulatiortoolsfrom the Internet.OnepossibleMPEGencodeis npeg_encode

whichis availablefromf t p: // mm f t p. CS. Ber kel ey. EDUvia anorymousftp. Thisencodeexpects
its input files eitherin PPM, PNM, or YUV format. To corvert the TIFF files written by VIEwMOL you
canusethe PBMPLUS or NETPBM librarieswhich have afilter tifftopnm (you also needpnmiflip, since
tifftopnm changeghe orientationof the picture). The following shell scriptwill do the conversion(for sh
andkshusers)f thedefaultfilesfrom VIEwMOL have beenused:

for i invmimge*.tiff
do

j =" basenane $i tiff‘pnm

tifftopnm$i | pnnflip -topbottom > $j
done

TheresultingPNM files canthenbeprocessethy npeg encode to producea MPEGfile whichcan,e.qg.,
beincludedinto a World Wide Webdocument.

SelectingSave dr awi ng/ Rayshade from themainwindow menuwith ananimationrunningwill write
a seriesof 20 input files for RAYSHADE. Thesefiles canalso be processedy RAYSHADE and usedto
generatea movie of thevibration. This processan,however, be very time consuming.

12 Datafiles

VIEWMOL usesa datafile namedvi ewnol r ¢ for gettinginformationsaboutatomsand available input
andoutputfilters. Theremay be threeof thesefiles. ViIEwmMoL looks at first in the currentdirectoryfor

“Mary thanksto Ludovic Douillard (douillard@DRECAM.cea.fr).

SMary thanksto JoseR. Valverde(jrvalverde@cnluam.es).

My Russiaris alittle bit rusty Apologiesfor ary grammamistalesand/orunrecognizableneanings.| would appreciatea
checkby a native spealer.
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this file, thenin the usersHOME directoryfor afile . vi ewnol r ¢ andfinally in the directorywherethe
environmentvariableVl EAWWMOLPATH pointsto. In oneof thesethreelocationssucha file mustbe found.
Thefile shouldcontainthefollowing data:

e Linesof theformat:
option <name of option> <name of input filter> [<commandline options for input filter>]
" <characteristictring>"
Thesdinesdefinethe inputfilter for ViIEwmoL andthe commandine optionsconnectedvith them
(i. e. you canchangethe commandline option if you want). <optior> is the commandline op-
tion VIEwMOL expectsonits commandine or theword def aul t . Theinputfilter connectedvith
def aul t is usedif no commandline option is passedo VIEwMOL. If no default input filter is
specifiedVieEwmoL displaysa file selectionbox in this case. <nameof input filter> is the pathto
andnameof the input filter executable.If the inputfilter requirescommandine option (e. g. afile
name)they canbe specifiedafter the nameof the input filter. %s is usedasa placeholdeffor file
names.Thepathor nameof theinputfilter cancontainervironmentvariablesor the string $OSNAME.
The latteris replacedby the subdirectorynamefor the machineViewmoL is currentlyrunningon.
" <characterististring>" is a string which is usedto identify the type of a particularfile. Thefirst
1024 characterof aninput file passedo VIEwMOL arescannedor this string andthe input filter
connectedvith the stringis thenusedto readthefile. Thereforethesestringshave to be uniquefor
eachinputfilter andhave to bein every file of a certaintype within thefirst 1024 characters Since
mostprogramswrite their namesout atthe beginningtheserestrictionsseento be no problem.

e Linesof theformat:

output<referenceo resources <nameof outputfilter> [ <commandine optionsfor outputfilter>]
%s

Theselines definethe outputfilter for VIEwMOL. <referenceo resources is an arbitrary string
which mustreferto a resourcen the Xdefaultsfile. This stringis usedto provide the labelfor the
outputfilter in the outputfilter selectionbox. <nameof outputfilter> is the pathto andnameof the
outputfilter executable All outputfilters shouldat leastaccepthe nameof the outputfile from their
commandines. If additionalparameterarerequiredthey canalsobe specifiedafterthe nameof the
outputfilter. % is usedasaplaceholdefor the outputfile name.Environmentvariablesor the string
$OSNAME canbeusedin the sameway asfor inputfilters.

e Linesof theformat:
<symbob <rad> <rd> <gd> <bd> <rl> <gl> <bl> <surface>
<symbob> is an atomic symbol, <rad> is the Van der Waalsradiusof this atomin Angstmms,
<rd>, <gd> and<bd> arethered,greenandblue color for the darkestpartof thisatomand<rl>,
<gl> and <bl> arethered, greenandblue color for the lightestpart of the atom. Thereare four
resened stringsfor <symbolb>. If <symbol> is bd thefollowing descriptiondescribesa hydrogen
bond. The <rad> field is alsointerpretedasthe radiusof all bondsticks. All otherfields areonly
appliedto hydrogenbonds. uc specifiesa unit cell corner Radiusand color given hereaffect the
appearancef the unit cell. ps andns specifythe surface propertiesfor the positve and negative
isosurfice, respectiely, usedto drav wave function relatedtopics. In thesecaseghe radiusis not
used. <surface> is anoptionalspecificationfor the surfaceusedwhenstick, ball, or CPK drawing
with surfacesis activated.<surface> is alist of oneor moreof thefollowing options

— emission<r> <g> <b>
Theemissiorcolor of thesurface.Usingthis optioncauseshesurfaceto emitlight. <r>, <g>,
and<b> arethered,greenandbluecomponentsor thelight color.
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— ambient<r> <g> <b>
Theambientlight whichis reflectedby the surface.<r>, <g>, and<b> arethered,greenand
blue componentsgor thelight color.

— specular> <g> <b>
Thespeculatight whichis reflectedby thesurface.<r>, <g>, and<b> arethered,greenand
blue componentgor thelight color.

— shininess<n>
A parametewhich determineshekind of reflection.<n> canbein therange0 ... 128.

— alpha<n>
This parametedetermineshetransparencof the surface.

All color specificationganbe between0.0 and 1.0. Thetotal lengthof a line specifyinganatomis
restrictedto 132 charactersThe keywordsfor the surfacespecificationsanbe abbreiatedwith the
first two letters.

Any line startingwith '#' is treatedasa comment.

ViIEwMOL makesextensve useof X Windows resourcesAll standardsearchalgorithmsfor thelocationof
theresourcesapply (seee. g. O'Reilly bookson X Windows). VIEwWMOL hasEnglishresourcegompiled
in. Resource$or otherlanguagesreprovidedin files Xdef aul t s. <l anguage>andmightbeinstalled
asdescribedn theinstallationsectionof this manual(p. 2).

The following resourcesare used to specify the defaults. They can be overwritten in the users
$HOWVE/ . Xdef aul t s file or, in part, by the configurationoptionsavailable in the program. Defaults
configurabldrom within the programaremarkedwith anasterisk(*).

S

ewnol *geonetry: 500x500+50+50 (*)
ewrol . hi story. geonetry: 500x250+50+590 (*)
ewnrol . spectrum geonetry: 500x250+50+590 (*)
ewrol . MODi agr am geonet ry: 250x500+565+50 (*)
ewpl . Bel I : <no default>

ewnrol . nodel : wire (%)

ewrol . dr awi ngMode: surface (*)

ewrol . bondType: conjugated (*)
ewnmol . spher eResol uti on: 10 (*)

ewrol . si nplifyWwhil eRotating: True (%)

ewnrol . i nt er pol ati on: [ inear (*)

ewrol . bondLengt h: %’. 4f Ang

ewrol . bondAngl e: %. 2f deg

ewrol . t or si onAngl e: %. 2f deg

ewnmol . wavenunber s: 0: 5000

ewnmol . i sosurf ace: 0.05 (*)

ewpl . reservedCol ors: 0

ewnrol *spect runfor nranpl i t udeSl i der. deci mal Poi nts: 2
ewrol *spect runfor mranpl i t udeSl i der. m ni num - 250
ewrol *spect runfor nranpl i t udeSl i der. maxi mum 250
ewnrol *spect runfor nrscal eSl i der. deci mal Poi nt s: 2
ewnmol *spect runfor nrscal eSl i der. m ni mum 50

*

*

*
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Vi ewnol *spect runforntscal eSl i der. maxi num 150

Vi ewnrol *wavef uncti onFor n¥l evel . mi ni num 1

Vi ewnrol *wavef uncti onFor ntl evel . maxi num 100

Vi ewnol *wavef uncti onForntgri d. mi ni nrum 4

Vi ewnol *wavef uncti onFor ntgri d. maxi num 20

Vi ewnol *wavef uncti onForntgrid. val ue: 10

Vi ewnol * MODi agr anfFor ¥ r esol uti on. m ni num 1

Vi ewnol * MODi agr anfor f r esol uti on. maxi mum 1000
Vi ewnol * MODi agr anfFor ¥ r esol uti on. deci mal Poi nt s: 3
Vi ewnol * MODi agr anfor nf r esol uti on. val ue: 10
Vi ewnol . paper Si ze: Ad (*)
Vi ewnol . vi ewer *font : vari abl e
Vi ewnol . spectruntfont: vari abl e
Vi ewnol . hi story*font: vari abl e
Vi ewnol . MODi agr antf ont : vari abl e
Vi ewnol . vi ewer. background: white (*)
Vi ewnol . vi ewer . f or egr ound: gray75 (*)
Vi ewnol *spectrum spect rum backgr ound: white (*)
Vi ewnol *spectrum spect rum f or egr ound: bl ack (*)
Vi ewnol *hi story. hi story. background: white (*)
Vi ewnol *hi story. history. foreground: blue (*)
Vi ewnol * MODi agr am MODi agr am backgr ound: white (*)
Vi ewnol * MODi agr am MODi agr am f or egr ound: bl ack (*)
Vi ewnol *f or egr ound: bl ack (*)

TheVi ewnrol . Bel | resources theonly resourcevhich doesnot have adefault. As long asthis resource
is not setthe standarckeyboardbell is rungassoonasa selectionin oneof thewindows is madeby mouse
click. Thisresourcecanbe setto the name(andcommandine parameterspf ary programwhich shallbe

runinstead preferablyonewhich producesa nicersoundeffect.

The Vi ewnpl . nodel resourcecanbe setto wire, stick, ball, or cpk. The Vi ewnrol . dr awi nghbde

resourcecanbe setto dot, line, or surface. The Vi ew nol . bondType resourcecanbe setto single,
multiple, or conjugated.The Vi ewnol . i nt er pol at i on resourcecanbe setto none,linear, or loga-
rithmic. The resourcedor specifyingformatsfor bondlengths,bond angles,andtorsion angleshave to

containa valid C format string for printing a floating point number The resourcefor the bond lengths
recognizesAng, pm, bohr andauin the format string asunits and corvertsthe bondlengthsaccordingly
TheVi ewnpl . r eser ved- Col or s resourcecanbe usedto limited the numberof colorsallocatedby
ViewmoL if it runsin colormapmode. VIEwMOL triesto allocateasmuchcolorsasit can. This might
interferewith othersprogram.In thiscaseVi ewnol . r eser ved- Col or s canbeusedto tell VIEWMOL

to leave the specifiednumberof colorsunallocated.In caseof the specificationdor the slidersthe values
givenfor minimumandmaximumhave to be multiplied by 10decimalPoints | e if the numberof decimals
is to bechangedalsominimumandmaximumhave to be changedPapersizescurrentlyrecognizedareA5,

A4, A3, Letter, Legal,and<width> x <height>- where<width> and <height> arein millimeters.

TheVi ewnol . vi ewer . f or egr ound resources usedfor thecolorof thegroundif perspectie draving
is enabled.
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13 Programming Your Own Input Filter

VIEwWMOL canbe easilyadaptedo readoutputsof otherprogramsor otherfile formats. All you have to
do is to write a new input filter which extractsthe datafrom the correspondindile. Theseinput filter are
stand-alon@rogramsandcanbewritten in every programmindanguageyouwant. Examplesn C andawk
areincluded.

Theinputfilter hasto readthefollowing datafrom theoutputfile andwrite themto its standardutputin the
formatdescribedbelon. This formatfollows thefile formatof TURBOMOLE very closely A few sections
hadto be extendedto allow datawhich arecurrentlynot supportedoy TURBOMOLE (e.g. unit cells).

¢ theCartesiarcoordinatemandatomsymbols(required)
Write to standardutputin thefollowing format:

$coord factor
x1 yl z1 synbol 1 Xyz
X2 y2 z2 symbol 2 Xyz

fact or is the corversionfactor the coordinateshave to be multiplied with to corvert them to
,&ngstr@ms.Any combinationof x, y, andz at the endof the line (optional) indicatesthat the cor
respondingatomhasbeenkeptfixedin thatdirectionduringa geometryoptimization.Consequently
ViIEwmoL will notdraw theforcesactingon this atomin thefixeddirection.

o thetitle (optional)
Write to standardbutputin thefollowing format:

$title
title

¢ thewave numbersandintensities(optional)
Write to standardbutputin thefollowing format:

$vi brational spectrum
symetryl wavenunberl IR intensityl Ranman-intensityl
symretry2 wavenunber2 I[Rintensity2 Ranman-intensity2

symret ry is the symmetrylabelfor the vibrationalmode,wavenunber is its wave numberand
| R-i ntensityandRaman-i nt ensi t y areits IR andRamarnintensity respectiely. If thesym-
metrylabelsfor thevibrationalmodesareunknavn they shouldbesetto adefault(e.g. Al).

¢ normalcoordinategoptional)
Write to standardbutputin thefollowing format:

$vi brational normal nodes
il i2 nm1,1) nm2,1) nm3,1) nm4,1) nm5,1)
il i2 nm6,1) ... nm( 3*nat om 1)
il i2 nm(1,2) nm(2,2) nn(3,2) nm4,2) nm5,?2)
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il i2 nm6,2) ... nm( 3* nat om 2)

il i2 nm 1, nnodes)

C nm( 5, nnodes)
il i2 nm6,nmodes) ... nm(3*natom nnodes)

i 1 andi 2 areintegerswhichareskippedduringreading.nnt(i , j ) arethenormalmodecoeficients.
They have to be provided orderedby Cartesiarcoordinategall x component®f the first atomfirst,
thenall y componentsf thefirst atometc.).

optimizationhistoryor MD trajectory(optional)
Write to standardutputin thefollowing format:

$gr ad cartesian gradients
cycle = nc SCF energy = E nc | dE/ dxyz| = gradnormnc
[unitcell a b ¢ al pha beta ganm]
x1 yl z1 synbol 1
X2 y2 z2 synbol 2

XN yn zn synbol n

gx1l gyl gz1

gx2 gy2 gz2

gxn gyn gzn

cycle = nc+l SCF energy = E nc+1l | dE/ dxyz| = gradnorm nc+1

nc isacounterfor thecycle,E_nc istheenegy for theconfiguratiorof cyclenc,andgr adnor m _nc
is the gradientnorm of cycle nc. The line startingwith uni t cel | is optionalandcanbe usedto
specifythecurrentunit cell e.g. duringa constanpressuréMD run. Thex, y, andz aretheCartesian
coordinatesor eachatom,synbol is theatomicsymbol. Thegx, gy, andgz arethe gradientgor
eachatom. This structurecanberepeatedor asmary cyclesasnecessary

MO enegiesandcoeficients(optional)
Write to standardbutputin thefollowing format:

$scfrmo [symmetrized] [gaussian]

n symmetry | abel _n ei genval ue=MO E n nsaos=norb
noc(n, 1) noc(n,2) noc(n,3) noc(n,4)
nmoc(n,5) ... noc(n, nor b)

n+l symmetry | abel n+1 ei genval ue=MO _E n+1 nsaos=norb

The stringsymret ri zed after $scf no is optionaland can be usedto notify VieEwmoL of the
factthatthe MO coeficientsarewith respecto symmetrizedAOs ratherthanwith respecto AOs.
VIEwWMOL needsmolochfrom the TURBOMOLE packageto handlesymmetrizedAOs. If moloch
is not installedand symmetrizedAOs areinput, MOs and electrondensitiescannotbe dravn. The
stringgaussi an is alsooptionalandnotifiesVIEwmMoL thattheMO coeficientsarenormalizedand
orderedGAUSSIAN style. n is acountercountingthe MOs,synmret ry | abel _n isthesymmetry
labelfor MO n, MO_E n isthe MO enegy for MO n, andnor b is thetotal numberof orbitals. The
noc(n, i) aretheMO coeficientsfor MO n.
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e basisfunctionsandoccupatiomumbergoptional)
Write to standardutputin thefollowing format:

$at onrs
atom synbol 1 |ist_of _indicesl \
basi s=basi s_set _nanel
atom synbol 2 |ist_of _indices2 \
basi s=basi s_set _nane2
$basi s
*
basi s_set _nanel
*
nunber _of _primtives angul ar_nomentum

exponent 1 coefficientl
exponent 2 coefficient2

exponent n coefficientn
nunber _of _primtives angul ar_nomentum

*

basi s_set nane2
*

*

$cl osed shells
symetry_| abel list_of indices (2)
$popl e  [6d/10f/ 15¢]

at om synbol istheatomsymbolof anelementandl i st _of i ndi ces containstheindicesof

all atomsof the particularelementaccordingto the list of coordinategeadin under$coor d. The

list canbe eithercommaseparatednd/orcontainhyphendor indicatingrangege. g. ¢ 1,3,7-10is

avalid descriptor).Basi s_set _namne canbeanarbitrarystring describinga particularbasisset.

It is only usedto find the correspondingoasissetin the list readunderbasi s. This list simply

statesthe namefor a basissetand then lists the primitive functionswhich make up a contracted
Gaussianstartingwith thenumberof primitivesin thatparticularcontractedsaussiarandits angular
momentun(s, p, d, f, ...). Thantheexponentsandcontractioncoeficientsarelistedline by line. This

is repeatedor all contractedGaussian®f that particularbasisset. $cl osed shel | s is usedto

tell ViIEwmoL which MOs are occupiedandwhich arenot. symretry_| abel is the symmetry
labelfor anumberof MOsandl i st _of i ndi ces isalist of integersstatingwhich of the MOs of

thatparticularsymmetryareoccupied.Thislist canbe eithercomma-separateat containhyphengo

indicaterangesf MOs. Note: $cl osed shel | s hasto appearfter$scf no in theoutputwritten

by theinputfilter. $popl e is usedto indicatethatd, f, or g functionshave 6, 10, or 15 components
insteadof 5, 7, or 9. Note: This datagrouphasto appearafterthe $coor d or $gr ad in the output.

OtherwiseViEwmoL will fail.

e theunit cell (optional)
Write to standardutputin thefollowing form:
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The file dummy,inp does not contain any coordinates,

Figurel15: Theerrordialogproducedyy thesampleerrormessage

$uni t cel | a b c al pha bet a gamma

e errorsoccuringduringfile processingoptional)
Write to standardutputin thefollowing form:

$error errorlLabel severity additionallnfornmation

error Label is an arbitrary one word label which refersto an error messagen the resources.
sever ity isalabelfor theseverity of theerror Setit to 0if theprogramcancontinuedespitethiser

ror. Setit to 1 if theprogrammuststop.addi ti onal | nf or mat i onis ary additionalinformation

you wantto bedisplayedin the errormessagéde. g. the nameof a file which wasnot found). Cur

rently, thefollowing errorLabelsarein use:noFi | e, not Conver ged,unsupport edVer si on,

wr ongFi | et ype,noCoor di nat es,noEner gy,andunknownEr r or Message. If yourinput

filter wantsto returnanerrorbecauseét is missingcoordinatesn theinputfile "dummy.inp” you can

have it writing thefollowing line to standardutput:

$error m ssingCoordinates 1 dummy.inp

Then you have to specify a resource for the error message in
$HOVE/ . Xdef aul t s:

Vi ewnol . m ssi ngCoordi nates: The file % does not
contai n any coordi nates.

With thesetwo linesin placeary encounteof no coordinatesn aninputfile will leadto thedisplay
of theerrordialogin Figure15. Thereis no needto recompileVIEwMOL to achieve this.

Thelastline of thedatawritten to standarcutputby theinputfilter mustbe $end.

Theinputfilter canbeinstalledby addingaline to thevi ewnol r ¢ file.
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14 Programming Your Own Output Filter

VIEwWMOL canbe easilyadaptedo write filesin any format. All you have to do is to write a new output
filter which formatsthe dataprovided by ViIEwMOL. Theseoutputfilters arestand-along@rogramsandcan
bewrittenin every programminganguageyou want. Examplesn awk areincluded.

Theoutputfilter hasto accepthefollowing datafrom its standardnputandwrite themto afile whosename
is givenasacommandine parameteto thefilter. VIEwmoL passeshefollowing datagroupsto the output
filter:

o theunitcell (if present)s sentin thefollowing format(a, b, andc in atomicunits,theanglein degrees)
$unitcell a b c al pha beta gammma
¢ theCartesiarcoordinatesresentin the following format(in atomicunits)

$coord
x1 yl z1 synmbol 1
X2 y2 z2 synbol 2

¢ thebondinformationis sentin thefollowing format

$bonds
atonml at on2 bond_or der

whereat onll andat on® arethe numbersof theatomsaccordingto thelist in $coor d which form
thebond.bond_or der istheactualorderof thebond,—2 if thebondis partof aconjugatedystem,
or —1if it is ahydrogernbond.

$end is passedo the outputfilter aslastline.

15 Limitations

ViewmoL currentlycannothandleGAu ssiAN outputswhich containCartesiarf functions(10f).

If ViEwmoL runsin color map (thatshouldonly happenon IBM RS6000with Sabinegraphicsadapters,
in this casethe backgroundf thetitle screerhasa constantolorinsteadof the usualdarktop andlighter
bottom)shadevs arenotdravn if thedraving modeis "with surface”.

If TIFF files aresaved make sureno otherwindow (includingdialogboxes)overlapswith thewindow to be
saved. Theinformationis readfrom the screerandoverlappingwindows will shav upin the savedfile.

HPGL outputsfor drawings which arelabeledwith non-latincharactersvill not containary labels.HPGL
outputhasonly supportfor Germanumlauts,Postscripprovidesall ISO-8859-1andKOI-8 characters.

If ViEwmMoL hasbeenlinkedwith aMesaversion< 2.1 andis runningon Linux the”Lines while rotating”
buttonshouldalwaysbe setto on (thedefault). If it is setto off, amodelis dravn with surfacesandtriedto
rotate,ViEwmoL will crashwith afloatingpointexception.Thisis abugin early Mesaversions.
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VIEWMOL is now usablewith Lesstif (> 0.81). Thereare,however, someglitches,e. g. shortcutsdon't
work.

16 Frequently asked questions

1. Isthereahomepagefor ViIEwmoL ?
There is a home pageat http://vi ewnrol . sourcef orge. net/ and a project page at
http:// sourceforge. net/projects/vi ewmrol /.

2. VIEWMOL on Linux reportson startup:
viewol: can't load library ’'libMesaG@.U. so. 3’
or anothelibrary:.
VIEwmoL doesnot find a dynamicallinked library it needs. The reasonfor this is that eitherthe
library is notinstalled,the wrong versionis installed,or the dynamiclinker is not setup to find this
library. ViIEWMOL needghefollowing dynamiclibraries:

libtiff.so.3
i bA.U so.1
libGE.. so.1

i bXm so. 2

i bXp.so.6
libXi.so.6

| i bXext.so.6
libXt.so.6
libX1l1.so0.6
i bpt hread. so. 0
i bdb. so. 3
libutil.so.1
libdl.so.2

i bmso. 6
libc.so.6

I i bj peg. so. 62
libz.so.1

i bSM so0. 6
liblCE so.6
i bXmu. so. 6
[1ib/ld-linux.so.2

These libraries can normally be found in /lib, fusr/lib, and
/fusr/ X11R6/1i b. The dynamic linker checksthe major version number and will refuse
ary library wherethe major versionnumberdoesnot match. The minor versionnumberdoesnot
matter The dynamiclinker hasto be setup to searchthe directorieswhich containtheselibraries.
Thisis donein thefile / et ¢/ | d. so. conf . After modifying thisfile runl dconfi g - v asroot.
Alternatiely, theenvironmentvariableLD LI BRARY_PATHcanbesetto pointto thesedirectories.

3. After thesplashscreerappear®nLinux VIEWMOL stopswith a sggmentatiorfault
Sementatiorfaultsoccurreproduciblyfor certainoperationson Linux
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Thereis a compatibility problemwith a library, usuallylibc. Unfortunately thereare so mary dif-

ferentlibrary versionsin useamongthe different distributions, that thereis a good chanceto run
into problems.If it is impossibleto usethe exactsamedistribution VIEwMOL wascompiledon (see
README file), recompilationusuallyhelps.

. VIEWMOL onLinux reportson startup:

vi ewnol : Synbol ’'jpeg resync_to_restart’ is not

defi ned.

Therearetwo differentversionsof | i bt i f f. so distributedwith differentLinux distributions.One
containsjpeg code(Debian)the otherdoesnt (RedHat). VIEwMoL hasnow beenlinked with the
versionwhich doesnot containjpeg codeso thatthis errorwill probablynot occuranymore. If this
erroroccursonly arecompilationwill help. Pleasenotify themalker of your Linux distribution sothat
they canmalke their distribution compatible.

. Whenl try to recompileViEwMoOL | getalot of errormessages:

cc -c¢c -Wall -DLINUX -1/usr/compat/Ilinux/usr/include/ G/
-1 /usr/compat/|inux/usr/include/gr/ -06 -m86
-fomt-frane-pointer

../lannotate.c

../annotate.c:19: X11/StringDefs. h: No such file or directory
../annotate.c:20: Xll1/cursorfont.h: No such file or directory
..lannotate.c:21: Xm Xmh: No such file or directory
../annotate.c:22: Xm Text.h: No such file or directory

In file included from../annotate.c: 24:

../viewrl.h:20: X11/Intrinsic. h: No such file or directory
../viewrml.h:21: G/gl.h: No such file or directory
../viewml.h:22: G/glx.h: No such file or directory

*** Error code 1

To recompileVIEwMOL you needto install X windows and OpenGL developmentervironments
which,in mostLinux distributions,areseparat@ackagesln this caseyou aremissingall X windows
and OpenGLheaderfiles. You alsoneedthe developmentervironmentof Lesstif or Motif for all

headeffilesin/ usr/i ncl ude/ Xm

. While trying to recompileVIEwMoOL thelink stepfails with:

| d:
Unresolved: _ eprintf

*** Error code 1 (bu2l)
or asimilarmessageeferringto __epri nt f (encounteredn SGlsandIBMs sofaronly). Thereis
aproblemwith the TIFF library you arelinking with. If you have built thelibrary yourselfmake sure

it washuilt onthesamemachineaswhereyoutry to link VIEwmMoL. If you have beentrying to usea
vendorsuppliedversionof the TIFF library try to downloadandcompilethelibrary yourself.
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17 History, Authors, and Contrib utors

VIEwmMOL startedits life somavherein 1991 asatool to drav IR and Ramanspectrafrom Turbomole
outputs. Sincedraving only spectrasoonturnedout to be insuficient for writing a PhD thesis, capa-
bilities were addedto drav the moleculeand animatenormal modes. Sinceotherpeoplein the Arbeits-
gruppeQuantenchemiander Humboldt-Unversitt zu Berlin, Max—Planck—Gesellschafpt interestedn

the programand wantedextensionsfor otherprograms output AndreasBiinger(a then 16 yearold high

schoolstudenton a practicalcoursein the group) and AndreasBIleiber startedto write an input filter for

GAussiAN 9x. Arne Dummerwrote a filter for DMoL. In the courseof the researchperformedin the
group othercapabilitieswere asled for andaddedby the original authorsand by Mariann Krossner(cal-

culationof inelasticneutronscatteringntensities)and Andriesde Man (extensionof GAUSSIAN 9X input
filter to read density functional outputs). Version1.2 was presentecdat the German/AustrianAcademic
Software Award competitionin 1993 and honoredas outstandingachiezement(cf. http://wwwask.uni-
karlsruhe.de/asksamfpageshtmltxt/viewmol.html). With theadwentof Linux it wasrecognizedhatthe
original Fortran/IrisGL versionwould be difficult to port to more affordablehardware. Version2.0 of the
programwasa completerewrite in C/OpenGLby Jorg-RidigerHill nov mainly doneon a Linux system.
Developmentof the programcontinueson Linux using Brian Paul’s terrific implementationof OpenGL,
Mesa.

Contritutions, mainly in form of bug reports,codesnippetsandenhancementquestdhiave comefrom a
numberof people.ln no particularorder(andhopefullywithout forgettingsomebody) wantto thank:

e GeogeP Ford (gford@smu.edu)

¢ DanMoensterdenser{Dan.M.Jensen@uni-c.dk)
e JohnNicholas(jb_nicholas@pnl.go

¢ KonradHinsen(hinsen@ibs.ibs.fr)

¢ Marc Pedulla(pedulla+@pitt.edu)

e Stanisla Bohm (Stanisla.Bohm@vscht.cz)

¢ RinaldoPoli (poli@u-bougognefr)

e Martin Brandle(braendle@ina@.chem.eth.ch

e Martin G. ScHitz (schuetz@theochem.unisigartde)
e Odon Farkas(farkas@para.chem.elte.hu)

e PeterPulay(pulay@comp.uark.edu)

¢ M. FabienGutierrez(gutierre@irsamcl.upsst.fp
e Ericl. Arnoth (earnoth@UDel.Edu)

e PedroA. M. Vazquezvazquez@igm.unicamp.br)
¢ Keith Refson(Keith.Refson@earth.ox.ac.uk)

e PabloVitoria Garcia(gibvigap@lIg.ehu.es)
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e Andrew Dalke (dalke@bioreason.com)

¢ MarcusGastreichghost@pcgate.thch.uni+ade)
e FrankSchneidefuzs93a@uni-bonn.jle

e StepherP. Molnar (smolnar@jadeinc.com)

¢ MichaelBootz (bootz@cup.uni-muenchele)

e David Haring(dave@ibp.cz)

¢ Ulf Ryde(UIf.Ryde@teokm.lu.se)

¢ DermotBrougham(Dermot.Brougham@dcu.ie)
e Shinlck-Dong(a9523303@chunma.yu.aq.kr
e Drew Parsongdparsons@emerall.com)

e BernardDelley (bernard.delig@psi.ch)

¢ NelsonHenrigueMorgon(morgon@canario.igm.unicamp)br

| alsohave to thankMark J. Kilgard (mjk@sgi.com)andBrian Paul (brian_paul@avid.comwho posteda
numberof thealgorithmsusedin VIEwWMOL onthelnternet.

Translationof VIEWMOL'’s interfaceto otherlanguage$iave beenprovided by:

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

e Spanish:JoseR. Valverde(jrvalverde@cnluam.es)
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