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� Intuitive graphical user interface (GUI) which allows to handle several molecules simulta-neously.� Comprehensive range of supported output formats.� The program is designed as a class library, which can be used independently of the GUI.� Versatile representation of vibrational motion :a) cartesian excursions and vibrational energy distribution represented as shadedspheres;b) usual arrow representation;c) animation with the possibility to save in the animated GIF or Autodesk AnimatorFLI formats;� Automatic correlation of the normal modes of molecules with the possibility of removingtranslational and rotational contaminations.� Visualization techniques for vibrational intensities :a) Nuclear and Group Couling matrices (NCMs and GCMs) for the individualRaman/ROA invariants or the di�erential cross-sections;b) Atomic and Group Contribution Patterns (ACPs and GCPs) ;c) Publication quality Raman/ROA/Degree of circularity as well as infrared vibra-tional absorption/VCD spectra in the stick and curve representations.3 Installation GuideThe program is implemented in pure Python. Make sure that you have Python 2 . 3 or later( http: //python. org) . Once the Python environment is operational, one has to install packages onwhich PyVib2 depends :� Python megawidgets ( Pmw) , refer to http: //pmw. sourceforge. net/ .A library for a �exible GUI building, based on Tkinter ( Python' s de-facto standardGUI package) .� NumPy, refer to http: //numpy. scipy. org/ .The fundamental package for scienti�c computing.� VTK (Visualization ToolKit) , refer to http: //vtk. org/ .A high-level 3D rendering library.� Matplotlib , refer to http: //matplotlib. sourceforge. net/ .A 2D plotting library for producing publication quality �gures.Do not forget that the administrator privileges are required in order to succeed the installation.The user of a Debian-based Linux distribution can pro�t from the apt-get utility, since all therequired packages are already in the Debian repository. To install e. g. Matplotlib , execute$ apt- get update && apt- get i nstall python- matplotli bThe PyVib2 program itself can be installed on your system using the standard DistributionUtilities for Python ( distutils) :� Download the program archive pyvib2-1 . 0. tar. gz fromhttp: // sourceforge. net/projects/pyvib2 .
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� Unpack it e. g. by executing in the command prompt :$ tar xvfz pyvi b2- 1 . 0 . tar. gz� Change to the installation directory, created in the previous step :$ cd pyvi b2- 1 . 0� Execute the setup. py script as follows :$ python setup. py i nstallAfter that, the pyvib2 script, which starts the program, should be accessible from the com-mand prompt. It is usually placed by distutils in /usr/bin under Linux and in %python-root%\Scripts under Windows (%pythonroot% is a directory where Python is installed) .To produce PDF �les ps2pdf must be installed. If the user desires to create animations ofvibrations in the animated GIF or Autodesk Animator FLI formats, the installation of addi-tional utilities is needed. For the former choice, install the Netpbmhttp: //netpbm. sourceforget. net and the gifsicle http: //www. lcdf. org/gifsicle/ packages. For thelatter choice, install ppm2�i http: //vento. pi. tu-berlin. de/ppm2�i/main. html. As these utilitiesare primarily designed for Linux/Unix, Windows users might want to install Cygwinhttp: //www. cygwin. com/ in order to be able to use them.4 User' s Guide4. 1 Input �lesPyVib2 can directly extract all the required data from outputs of VROA calculations conductedwith DALTON 1 . x or 2 . 0 [ 1 ] . The program can also get the data from Gaussian98 and Gaus-sian03 [ 2 ] via formatted checkpoint (FCHK) �les, which can be created with the formchk utilityprogram available in the Gaussian package. VOAView [3] �les can likewise be handled. A partialsupport for MOLDEN [4] �les is provided, from which only the normal modes can be extracted.XMol XYZ [5] �les can be opened for viewing the structure.4. 2 Preparing input �lesIt is brie�y described in this subsection how to request a ROA and a VCD calculation withDALTON 1 . x or 2 . 0 and Gaussian 03. The results of such calculations can be directly openedwith PyVib2 . It is assumed here, that the user has already an optimized geometry of a moleculeof interest. As an example, let us consider methyloxirane.4. 2 . 1 DALTONEarlier versions of DALTON required several �les as input. The input speci�cation has beenchanged in DALTON 2. 0, but the old format is still supported for the backward compatibility.The user is instructed bellow on how to perform a calculation with DALTON 2. 0 using input�les produced for the older version. Discussing all the details is far out of the scope of thismanual, for explanation refer to the documentationhttp: //www. kjemi. uio. no/software/dalton/dalton. html.The so called molecule speci�cation �le has to contain the geometry of a molecule and abasis set for a calculation. Save the following input as meox_TDH F_ au g-cc-pVDZ. mol ( coordi-nates are given in atomic units i. e. bohrs) :

4 U ser' s G uide 7



BAS I Sau g-cc-pVDZI R/VCD or Ram an /ROA for m eth yl oxi ra n e @ TDH F/au g-cc-pVDZ .3 0 08. 1O001 1 . 56541 1 6200 -1 . 489321 51 00 -0. 45795044406. 3C002 1 . 9701 227300 1 . 1 644266000 -0. 1 1 06471 260C003 -0. 291 7697530 -0. 0707325890 0. 91 60939940C004 -2 . 851 9480600 0. 1 876438060 -0. 280881 21 601 . 6H 005 3. 5401 090600 1 . 65421 1 6000 1 . 1 409732900H 006 1 . 8079463500 2 . 30361 01 900 -1 . 8285083400H 007 -0. 2907700570 -0. 4889270930 2 . 9449531 000H 008 -2 . 67801 581 00 0. 609370221 0 -2 . 3041 5241 00H 009 -3. 92271 99200 1 . 71 80365500 0. 630871 9600H 01 0 -3. 9382721 200 -1 . 5697562300 -0. 0679279775In the so called DALTON input �le, the user has to specify the type of the calculation. Torequest a VCD calculation at the TDHF/aug�cc-pVDZ level of theory, save the following inputas prop_ vcd . da l :* *DALTON I N PU T. RU N PROPERTI ES. PR I N T 1* *WAVE FU N CTI ON S. H F*ORB I TAL I N PU T. AO DELETE1 . 0D-07* *PROPERTI ES. VCD. VI B AN A*VI BAN A. H ESF I L* *EN D OF I N PU TDo *not* request a verbose output with . P R I N T >= 2 . The . H ESF I L keyword speci�es, thatthe hessian in the hes format is passed to DALTON. Rename the hessian �le to DALTON . H ES( case-sensitive) and make a gzipped tarball from it ( the name is arbitrary) :$ tar cvfz hes . tar. gz DALTON. HESOne can generate automatically both molecule input and hessian �le from a Gaussian for-matted checkpoint �le ( * . fch k ) with the FCH KtoH ES utility distributed with DALTON. The fol-lowing command creates test. m ol and test. h es �les from test. fch k ( passed *without* extension) :$ FCHKtoHES testThe VCD calculation can be started as follows :
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$ dalton - o meox_TDHF_aug- cc- pVDZ_vcd. out - f hes prop_vcd meox_TDHF_aug- cc-pVDZNote, that * all* the input �les are passed *without* extensions ! After the calculation hasbeen successfully �nished, the meox_TDH F_ au g-cc-pVDZ . ou t output �le can be opened withPyVib2 .To request a ROA calculation, the user can use the following DALTON input �le :* *DALTON I N PU T. RU N PROPERTI ES. WALK. M AX I T200. PR I N T1*WALK. N U M ER I. D I SPLACEM EN T0. 001* *WAVE FU N CTI ON S. H F*ORB I TAL I N PU T. AO DELETE1 . 0D-07* *START. VROA*ABALN R. TH RESH1 . 0D-08. FREQU E10. 08564539532* *EACH STEP. VROA*ABALN R. TH RESH 1 . 0D-08. FREQU E10. 08564539532* *PROPERTI ES. VROA. RAM AN. VI B AN A*RESPON. TH RESH1 . 0D-06*ABALN R. TH RESH1 . 0D-08. FREQU E1
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0. 08564539532*VI BAN A. H ESF I L* *EN D OF DALTON I N PU TWavelength of the incident light is set to be 532 nm.4. 2 . 2 GaussianTo request a VCD calculation at the B3PW91 /aug-cc-pVDZ level of theory, save the followinginput as meox_B 3PW91_ au g-cc-pVDZ_ vcd . i n :%ch k=meox_ B3PW91_ au g�cc-pVDZ_ vcd . ch k# B 3PW91 /au g�cc-pVDZ FREQ=VCDI R/VCD for m eth yl oxi ra n e @ B 3PW91 /au g-cc-pVDZ .0 18 0. 828380 -0. 7881 1 5 -0. 2423376 1 . 042544 0. 61 61 88 -0. 0585526 -0. 1 54398 -0. 037430 0. 4847766 -1 . 5091 86 0. 099297 -0. 1 486361 1 . 873345 0. 875371 0. 6037771 0. 956724 1 . 21 901 8 -0. 9676051 -0. 1 53869 -0. 258729 1 . 5584021 -1 . 41 71 45 0. 322465 -1 . 21 93051 -2 . 07581 4 0. 9091 46 0. 3338431 -2 . 084044 -0. 830679 -0. 035946Start the calculation ( the environment variables for Gaussian should be set up properly) :$ g03 < meox_B3PW91 _aug- cc- pVDZ_vcd. i n > meox_B3PW91 _aug- cc- pVDZ_vcd. outAfter the calculation has successfully �nished, produce a formatted checkpoint �le :$ formchk meox_B3PW91 _aug� cc- pVDZ_vcd. chk meox_B3PW91 _aug� cc- pVDZ_vcd. f chkThe meox_B 3PW91_ au g�cc-pVDZ_ vcd . fch k �le is now ready to be opened with PyVib2 . Torequest a ROA calculation, use the following input �le :%ch k=meox_ B3PW91_ au g�cc-pVDZ_ roa . ch k# B 3PW91 /au g�cc-pVDZ FREQ=ROA CPH F=RDFREQRam an /ROA for m eth yl oxi ra n e @ B 3PW91 /au g-cc-pVDZ .Wavel en gth of th e i n ci den t l i gh t i s 532 nm .0 18 0. 828380 -0. 7881 1 5 -0. 2423376 1 . 042544 0. 61 61 88 -0. 0585526 -0. 1 54398 -0. 037430 0. 4847766 -1 . 5091 86 0. 099297 -0. 1 486361 1 . 873345 0. 875371 0. 6037771 0. 956724 1 . 21 901 8 -0. 967605
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1 -0 . 1 53869 -0. 258729 1 . 5584021 -1 . 41 71 45 0. 322465 -1 . 21 93051 -2 . 07581 4 0. 9091 46 0. 3338431 -2 . 084044 -0. 830679 -0. 035946532nmNote, that Gaussian calculates also VCD if the user requests a ROA task ! For details referto http: //gaussian. com.4. 3 Overview : what can be done with PyVib2The following diagram summarizes what can be done with PyVib2 :

Figure 1 . What can be done with PyVib2 .
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4. 4 Quick Start GuideTo show the base possibilities of PyVib2, let us analyze the results of the ROA calculation onmethyloxirane with Gaussian as described in section 4. 2 . 2 . The �nal meox_ B 3PW91_ au g�cc-pVDZ_ roa . fch k �le can be downloaded from http: //pyvib2 . sourceforge. net/material. shtml orproduced from the input. This �le contains all the required data such as the geometry, hessian,Raman/ROA as well as IR/VCD tensors. In order to follow the instructions given bellow, startthe program by executing pyvi b2 script in the command prompt.4. 4. 1 Opening a �leOnce the main window of PyVib2 appears, use the File| Open. . . menu to open a �le. Locatemeox_ B3PW91_ au g�cc-pVDZ_ roa . fch k and press the Ok button. Since the hessian is present inthis �le, it is possible to perform the vibrational analysis for an arbitrary isotopic composition ofthe molecule. The program enables the user to do it in a dialog ( for details see section 4. 6. 4) ,which is popped up after the �le has been opened. Press the Ok button to use the default iso-topic composition. After that, a thumbnail of the opened molecule should appear in the mainwindow as shown on the following �gure :

Figure 2 . Main window of PyVib2 with opened methyloxirane.Note, that other formats currently supported by PyVib2 ( see section 4. 1 ) do *not* containthe hessian and so the user will see opened �les immediately after specifying their location ( pro-vided that the data were considered to be valid) .4. 4. 2 Summary of the available dataAfter a �le has been successfully opened, the program examines which data are actually avail-able in that �le. The Molecule menu, located at the top of each thumbnail, shows the visual-ization options. The content of the menu for our test example is given on the following �gure :
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Figure 3 . Molecule menu for methyloxirane.For further details, refer to section 4. 6. 3. 1 .4. 4. 3 Exploring structure and vibrational motionThe user can explore the structure of the molecule and its vibrational motion ( if the normalmodes are available) by choosing Explore. . . menu item. The following window should appearfor our test example :

Figure 4. Window for exploring structure and vibrational motion of methyloxirane.The visualization options are discussed in detail in section 4. 7. For theoretical explanation ofthe representation of vibrational motion refer to sections 5. 1 and 5. 2 .
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4. 4. 4 Plotting spectraIf the Spectra submenu of the Molecule menu is present, the user can plot the Raman/ROAand/or IR/VCD spectra by choosing correspondent menu item. The Raman/ROA spectra forour test example are shown on the following �gure :

Figure 5 . Raman/ROA spectra of methyloxirane.The visualization options for the spectra are discussed in detail in sections 4. 1 1 . 1 and 4. 1 1 . 7.For theoretical explanation refer to section 5. 5 .4. 4. 5 Raman / ROA generationThis menu item is present if the Raman/ROA data are available for the molecule. The user iso�ered to use the visualization techniques for Raman/ROA intensities such as e. g. group cou-pling matrices (GCMs) and atomic contribution patterns (ACPs) . For our test example the fol-lowing window should appear :
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Figure 6 . Raman/ROA generation interface for methyloxirane.The visualization options are discussed in detail in section 4. 9 . For theoretical explanationrefer to sections 5. 3 and 5. 4. Examples of successful application of the above mentioned visuliza-tion techniques can be found in [6] [ 7] [ 8] .4. 5 Starting PyVib2The program can be started from the command prompt with an optional list of �les to beopened at startup :$ pyvi b2 [ fi le1 f i le2 . . . ]Another alternative to launch the program would be to create a link on the user desktop.4. 5. 1 TroubleshootingIf the program does not start, check �rst whether all of the dependencies were properlyinstalled. This can be done by executing following import statements in a Python shell :
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>>> i mport Pmw>>> i mport numpy>>> i mport vtk>>> i mport matplotli bSometimes distutils does not set the rights to read for some �les needed by the program e. g.pse. da t during the installation under Linux. If it is the case, the following import statementshould raise an exception :>>> i mport pyvi blib. uti l . pseTo correct this problem :1 . Find the site-speci�c directory pre�x of Python :$ python - c ' import sys ; pri nt sys . prefi x'2 . Find the number of the major version of Python :$ python - c ' import sys ; pri nt sys . versi on[ : 3] '3. The installation directory of pyvi b l i b is pre�x/ l i b/pyth onversion/si te-packages/pyvi b l i b ,where the strings written in bold are results of the previous two commands. Go to thatdirectory ( suppose that you have Python 2 . 4 with the /u sr pre�x) and change the readrights as follows ( under root) :# cd /usr/li b/python2. 4/s i te- packages/pyvi blib# chmod a+r uti l/* . dat# chmod a+r doc/*If none of these remedies works, please report the problem on the web site of PyVib2 .4. 6 Main windowUpon a successful start, the main window will appear ( here the program was invoked withoutany arguments) :

Figure 7 . The main window of PyVib2 .
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The main window consists of a menu bar at the bottom, a button toolbar beneath the menubar and a scrollable thumbnails pane. The latter lists opened molecules and should provide theuser with a quick overview and o�er further options.4. 6. 1 Menu barFile� Open. . .Open one or multiple �les. The standard File Open dialog will be popped up.� Recent �lesThis submenu contains at most 1 3 recently opened �les ( their base names are shown) .� Close allClose all the opened thumbnails, windows, spectra etc.� ExitExit from PyVib2 . The con�guration �le . pyvib2rc will be saved in the user homedirectory. See section 4. 1 3. 3.Options� Con�gure PyVib2. . .Con�gure the program settings, see section 4. 6. 5 .WindowsIn this menu all opened windows, spectra etc are listed. Selecting an item will activate thecorrespondent window. Note : this feature does not work properly under present versions ofKDE.Help� About. . .Show the informations about PyVib2 :

Figure 8 . About PyVib2 dialog.� pyviblib Class Library Reference
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Browse the documentation for pyviblib, generated automatically with pydoc from thesource code.If one opens a FCHK �le, which contains the hessian, then the program will o�er to specify iso-topes for the atoms. See section 4. 6. 4.4. 6. 2 Button toolbarButton ExplanationOpen one or multiple �les. The same as the menu File| Open. . .Correlate vibrations.Plot spectra.Plot spectra of a mixture.Check all thumbnails.Uncheck all thumbnails.The behaviour of some of these buttons depends on the state of the thumbnails' check boxes.The Plot spectra and Correlate vibrations buttons appear disables unless at least onethumbnail with the appropriate data is checked.Should the user check several thumbnails with the Raman/ROA data, then their spectra willbe plotted in the same frame. If only one thumbnail is checked, the spectra for that singlemolecule appear. See section 4. 1 1 .The behaviour of the Correlate vibrations button is slightly di�erent. Checking severalthumbnails will constrain the set of molecules, the vibrational motion of which is to be corre-lated, to the chosen ones, provided that the normal modes are available for them. In contrast,checking only one thumbnail implies the correlation for all molecules. See section 4. 8 .4. 6. 3 Thumbnails paneFor each opened �le, a thumbnail appears in the thumbnails pane. The main window with thepseudo-axial and -equatorial conformers of (R) -1 -methylindane [9] opened is shown on �gure 9.

Figure 9 . Main window with two thumbnails .
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Each thumbnail consists of the menu �Molecule� at the top, a small 3D window ( renderwidget) with the molecule at the middle and a check box with the name of the molecule at thebottom.Menu MoleculeThe contents of this menu depends on the type of the opened �le and data stored in it.Figure 1 0 shows an example for a DALTON job output, from which the Raman/ROA data weresuccessfully extracted.
Figure 1 0 . Example of the Molecule menu.The menu items are as follows :� Info. . .Information about the opened �le, see �gure 1 1 . Available for all types of �les.

Figure 1 1 . Information about the opened pseudo-equatorial conformer of ( R) -methylindane.� Explore. . .Explore the molecule in a separate window. See section 4. 7. Available for all types of�les.� Spectra
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This submenu appears only if the Raman/ROA or IR/VCD data are available and soits items are :! Raman / ROA / Degree of circularitySee section 4. 1 1 . 1 .! IR / VCDSee section 4. 1 1 . 7.� Raman / ROA generationStart the Raman/ROA generation interface. Appears if the Raman/ROA data areavailable. See section 4. 9 .� RemoveRemove the thumbnail from the pane. Available for all types of �les.3D render widgetThe molecule in the stick representation will be rendered in this widget. The size of thewindow is constrained to be 1 50x1 50 pixel. Regardless of this fact, this is a full-featured 3Dwindow where the user can navigate. See section 4. 7. 3.Check boxThe check box bellow the 3D render widget is labeled with the name of the molecule, whichis derived from its �le name. The user can change the status of the check box and so a�ect thefurther visualization options. See section 4. 6. 2 .4. 6. 4 Isotopic composition dialogThe dialog is invoked automatically by the program if one opens a Gaussin formatted check-point �le, which contains the hessian ( it cannot be extracted from DALTON outputs) . It allowsto specify isotopes for the atoms. The GUI of the dialog consists of an information panel at thetop, a molecule panel and a panel listing a�ected atoms. Should the default isotopic compositionbe used, press the Ok button.Molecule panelThe user can specify a new name for the molecule at the top of the molecule panel to re�ectthe fact of an isotopic substitution. A 3D render widget shows the actual changes being madeby the user. Picking an atom in the render widget causes the following dialog to pop up :

Figure 1 2 . Element isotopes dialog.
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This dialog has the following GUI components :� Element read-only entry �eldShows the information about the element being clicked.� Isotope option menuAllows to choose a certain isotope from a list of the known isotopes for the element.� User de�ned entry �eldAnother option would be to specify directly the mass.� Use for all elements of this type check boxIf checked, use the speci�ed mass for all elements of this type. Can be useful e. g. tosubstitute all hydrogen atoms by deuterium atoms.The following �gure shows the result of a substitution in the benzene molecule :

Figure 1 3 . Benzene molecule with all hydrogen atoms subst ituted by deuterium atoms.Atoms a�ected panel
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It is made up of a list box with a�ected atoms and a vertical button toolbar. By clickingatoms in the list box the user can see that atoms in the 3D render widget and delete them. Thetoolbar has two buttons :Button ExplanationRemove atoms selected in the list box.Remove all atoms from the list box.Finally, press the Ok button to �nish the dialog. Atoms, for which the substitution has beenperformed, will appear with darker di�use colors compared to ones with the default isotopiccomposition.4. 6. 5 PyVib2 settings dialogThe dialog is invoked from the Options| Con�gure PyVib2. . . menu.Rendering tabAt the time being, one can set up the default VTK resolution, which re�ects the quality ofrendering spheres, cylinders, cones used to represent molecules, their vibrational motion etc.Higher values of this parameter provide a better appearance but also imply a slower speed ofrendering. The default value is chosen to be 1 0, a compromise between speed and quality. See�gure 1 4.

Figure 1 4. PyVib2 sett ings dialog.
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4. 7 Molecule windowThe window is invoked from the Molecule| Explore. . . menu of a molecule' s thumbnail.

Figure 1 5 . Molecule window for the pseudo-equatorial conformer of ( R) -methylindane.As one can see, the window is constructed from many GUI components, providing usefulfunctionalities. In addition to a menu bar and a button toolbar like in the main window ofPyVib2, there are a 3D rendering widget in the middle, three di�erent toolbars and a statusline.4. 7. 1 Menu barFile� Info. . .The same as the menu Molecule| Info. . . of the molecule' s thumbnail. See section4. 6. 3.� Save as. . .Save the data to a di�erent format. Currently, only the VOAView format is o�ered.� Export. . .Export the data to a di�erent format. Currently, the MOLDEN and XMol XYZ for-mats are o�ered.� CloneCreate a clone of the molecule window.� CloseClose the molecule window.Tools� Correlate vibrations. . .
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Correlate vibrations taking a set of all the opened molecules with the current one asthe reference at startup of the Correlate Vibrations interface. Enabled if the normalmodes are available. See section 4. 8.� Raman / ROA generationStart the Raman/ROA generation interface. Enabled if the Raman/ROA data areavailable. See section 4. 9 .Spectra� Raman / ROA / Degree of circularityEnabled if Raman/ROA data are available. See section 4. 1 1 . 1 .� IR / VCDEnabled if IR/VCD data are available. See section 4. 1 1 . 7.Options� SettingsPop up the dialog with the settings of the molecule window. See section 4. 6. 5.4. 7. 2 Button toolbarButton ExplanationSave vibrations. See section 4. 7. 9 .Save an animation of the current vibration. See section 4. 7. 1 0 .Correlate vibrations. The same as the Tools| Correlate vibrations. . . menu.Settings of the molecule window. The same as the Options| Settings menu.Make a snapshot of the 3D render widget.4. 7. 3 3D render widgetThis is the widget where the rendering of the molecule' s structure, vibrational motion etc. isdone. A camera ( viewport in the 3D world) is installed within the widget in order to explore itsobjects. The state of the camera is a�ected with the mouse buttons :� Left mouse button with draggingRotate the camera. If the Control button is pressed on the keyboard, the camera isrotated around the direction of projection.� Right mouse button with draggingZoom in/out.� Middle mouse button with draggingTranslation of the focal point of the camera. The same e�ect is achieved by pressingthe mouse wheel or the left and right mouse buttons simultaneously with dragging.The properties of the camera can be also changed in the navigation toolbar. See section 4. 7. 5 .4. 7. 4 Vibrational toolbarThis toolbar is located under the button toolbar (marked with A on �gure 1 5) . Its purpose is toprovide a convenient navigation through the molecule' s normal modes. The components of thevibrational toolbar are summarized here :� Mode option menu
Figure 1 6 . Option menu Mode .
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Speci�es which type of renpresentation of vibrational motion is to be used. There areseveral options :! SpheresRender shaded spheres.! ArrowsRender arrows;! AnimationAnimate the current vibration;! StructureShow the structure of the molecule;� Navigation panel
Figure 1 7 . Navigation panel.Allows to select the current vibration and shows its number as well as thewavenumber in cm� 1 . One can use the back and forward buttons or select directly a cer-tain vibration from the list by pressing the rightmost button :

Figure 1 8 . List of the available vibrations.� Representation panel
Figure 1 9 . Representation panel.Allows to specify the representation of vibrational motion. For theoretical explanationsee section 5. 1 . The contents of the rightmost option menu depends on what is chosen inthe radiobutton box. Two possible choices are :! Energy (volume)� Total volume �x
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� Zero-point! Excursions (diameter)� Total surface �x� Zero-point� Standard normalization� Panel for adjusting size and phase
Figure 20 . Panel for adjusting size and phase.The scale factor is a number with which the radii of the spheres and the lengths ofthe arrows ( used for the rendering of vibrational motion) are multiplied. The check boxinvert phase allows to change the phase of vibrational motion, which is arbitrary.The following keyboard shortcuts are associated with the vibrational toolbar :� Left arrowGo one vibration back ( the same as button) .� Right arrowGo one vibration forward ( the same as button) .� PgUpIncrease the scale factor by 0. 1 .� PgDnDecrease the scale factor by 0. 1 .Examples of di�erent representations of vibrational motion are shown on �gures 21 and 22 .

Figure 21 . Vibration 42 of the pseudo-equatorialconformer of ( R) -methylindane in the shadedspheres representation of the vibrational energydistribution . Figure 22 . Vibration 42 of the pseudo-equatorialconformer of ( R) -methylindane in the arrow repre-sentation of the cartesian excursions.4. 7. 5 Navigation toolbarWith the navigation toolbar (marked with B on �gure 1 5) the user can control the state of thecamera installed in the 3D render widget. The most important properties of the camera are itsposition, orientation, focal point (where it looks to) and the type of projection.
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Button ExplanationInstruct the camera to do a perspective projection.Instruct the camera to do an orthogonal projection.Restore the last remembered camera state.Remember the current camera state.Save the camera state to a �le.Load the camera state from a �le.4. 7. 6 Geometry toolbarThe geometry toolbar (marked with C on �gure 1 5) allows to measure distances, angles anddihedral angles in the molecule.Button ExplanationMeasure a distance.Measure an angle.Measure a dihedral angle.Cancel the marking of atoms in the 3D render widget.To measure a distance, one has to press the topmost button of the geometry toolbar andthen select two atoms. As a result, these two atoms will be marked with partially transparentyellow spheres and the distance will be displayed in a message dialog as well as in the statusbar. The result of measuring the distance between the chiral carbon atom and the adjacentatom of the benzene ring in the pseudo-equatorial conformer of (R) -methylindane is shown on�gure 23.

Figure 23 . Example of measuring distance.
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Similarly, to measure an angle or a dihedral angle, one has to select three or four atoms,respectively. An example of the latter case is shown on �gure 24. For better visibility, the twoplanes de�ning the dihedral angles are represented in complementary colors.

Figure 24. Example of measuring dihedral angle.4. 7. 7 Status lineThe status line consists of a status bar and a button for changing the size of the 3D renderwidget (marked with D on �gure 1 5) . The GUI components of the molecule window can sendinformative messages to the status bar. The button is labeled with the current size of thewidget, which will be updated automatically upon changing the size of the window. Use thebutton if the exact size of the 3D render widget is desired. This could be the case e. g. formaking snapshots.4. 7. 8 Molecule window settings dialogThe dialog is invoked from the Options| Settings menu or by pressing on the buttontoolbar.Appearance tabOptions related to the appearance of the molecule in the 3D render widget can be set uphere.
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Figure 25 . Appearance tab of the molecule window sett ings dialog.The options are grouped as follows :� ColorsTo change a particular color, press on the button to the right of the short textdescription and choose the appropriate one from the standard color choosing dialog (speci�c to the user' s operating system) .! BackgroundBackground color of the 3D render widget;! Vib. hemisphere 1In the shaded spheres representation, the color of a hemisphere used to indicatethe positive direction of vibrational motion;! Vib. hemisphere 2In the shaded spheres representation, the color of a hemisphere used to indicatethe negative direction of vibrational motion;� StructureOptions speci�c to rendering the structure are :! Molecule mode option menu� Ball & StickAtoms and bonds are rendered as spheres and cylinders.� StickOnly bonds are rendered as cylinders;� Van der Waals radiiAtoms and bonds are rendered as spheres and cylinders. The radii of thespheres are assumed to be proportional to the van der Waals radii of theatoms.! Bonds color option menu� Two-coloredBond is rendered as two cylinders, the colors of which are inherited fromthe atoms.� Monolith
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Bond is rendered as one cylinder with a prede�ned color.! Render hydrogen bonds check boxWhether render or not hydrogen bonds.! Render atom labels check boxWhether render or not the labels for the atoms.Rendering tabThe user can override the default value of the VTK resolution ( see section 4. 6. 5 . 1 ) for thecurrent window. See section 4. 6. 5.

Figure 26 . Rendering tab of the molecule window sett ings dialog.4. 7. 9 Save vibrations dialogThe dialog is invoked by pressing the button on the button toolbar. It enables the user tosave vibrations as static images in di�erent formats and resolutions.

Figure 27 . Save vibrations dialog.
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The options are :� VibrationsAllows to select the vibrations to be saved :! CurrentTake the current vibration shown in the vibrational toolbar .! RangeTake a range of vibrations de�nied by the From and To counters.! ListTake a list of vibrations, separated either by white spaces or columns or semi-columns.� Image settingsThe image format and the resolution in dots per inch ( dpi) can be set up.! Format option menuSelect an image format from :� jpegJoint Photographic Experts Group format.� ti�Tagged Image File Format.� pngPortable Network Graphic format.� epsEncapsulated PostScript format.� ppmNetpbm Color Image format.! Resolution ( dpi) option menuPossible values are : 72 , 1 50, 300, 600.! Size ( pixel) labelA read-only label, showing the image size in pixel taking into account thechosen image resolution.� File name pattern entry �eldA pattern used to generate the �le names for the resulting images. An appropriatestring in the form of _%su�x_%vibno%.%format will be appended to the pattern inorder to re�ect the chosen representation of vibrational motion with %vibno being thenumber of vibration, %format image format. The possible values of %su�x are givenin the following table :%su�x Representation of vibrational motionenergy_ tvf Energy / Total volume �xenergy_ zp Energy / Zero-pointexcurs_ tsf Excursions / Total surface �xexcurs_ zp Excursions / Zero-pointexcurs_ sn Excursions / Standard normalization� Select a �lename pattern buttonSpecify the �lename pattern using the standard save dialog ( speci�c to the user' soperating system) .� Create zip archive check box
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If checked, the resulting images will be packed with ZIP. The �le name of the archiveis of the form %pattern_ vibs. zip, where %pattern is the �le name pattern speci�ed inthe correspondent entry �eld.Note : during the saving, the 3D render widget should not overlap with other windows.4. 7. 1 0 Save animation dialogThe dialog is invoked by pressing on the button toolbar. PyVib2 o�ers a possibility to saveanimations of vibrations in the animated GIF or Autodesk Animator FLI formats. Refer to theInstallation Guide ( section 3) to see what utilities are needed for this to work. The programchecks if the utilities are available. If they do not, the control for choosing formats appears dis-abled.

Figure 28 . Save animation dialog.At the top of the dialog a short description is provided on which utilities are needed to suc-ceed. First, the user has to choose a format of the animation. The remaining GUI componentsare :� Number of frames counterSpeci�es the number of frames made in each direction.� Resolution counterThis is the VTK resolution for 3D rendering, see section 4. 6. 5. 1 .� Delay counterDelay between single frames in hundredths of a second.� File name entry �eldFile name for the resulting animation.� Select a �le name buttonSpecify the �le name using the standard save dialog ( speci�c to the user' s operatingsystem) .Note : during the saving process, the 3D render widget should not overlap with other windows.4. 7. 1 1 Snapshot dialogThe dialog is invoked by pressing the button on the button toolbar. Allows to set up theoptions of a snapshot of the 3D render widget.
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Figure 29 . Snapshot dialog.The options are :� Image format option menuSelect an image format from :! jpegJoint Photographic Experts Group format.! ti�Tagged Image File Format.! pngPortable Network Graphic format.! epsEncapsulated PostScript format.! ppmNetpbm Color Image Format.� Resolution option menuResolution of the image in dots per inch ( dpi) . Possible values are : 72 , 1 50, 300, 600.� VTK resolution counterThe VTK resolution to be used for the snapshot, see section 4. 6. 5 . 1 .� Background buttonSpecify the background color of the snapshot by using the standard color choosingdialog ( speci�c to the user' s operating system) .� Restore the original VTK resolution check boxIf checked, the previous VTK resolution of the 3D render widget is restored after thesnapshot is made. Otherwise, the value speci�ed by the VTK resolution counter is usedinstead.� Restore the original background check boxIf checked, the previous background of the 3D render widget is restored after thesnapshot is made. Otherwise, the color speci�ed by the Background button is usedinstead.� File name entry �eldFile name for the snapshot.� Select a �le name button
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Specify the �le name using the standard save dialog ( speci�c to the user' s operatingsystem) .4. 8 Correlate vibrations interfaceThe interface is invoked by pressing the button on the button toolbar of the main window ofPyVib2, a molecule window or a window, where spectra for several molecules are plotted. It isimplemented as a wizard, which guides the user through several steps. The navigation is per-formed with the < Back and Next > buttons.4. 8. 1 WizardStep 1In the �rst step, one has to select the correlation mode of vibrational motion :

Figure 30 . First step of the wizard.There are two options available :� BasicThe geometrical alignment and comparison of vibrational motion are performed onthe same fragment.� ExpertThe geometrical alignment and comparison of vibrational motion are performed ondi�erent fragments.Step 2The GUI depends on the mode chosen in the �rst step.a) Basic modeThe user in prompted to select a fragment for the geometrical alignment and compar-
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ison of vibrational motion and set up options for the correlation. This is the last step inthe basic mode.

Figure 31 . Second step of the wizard in the basic mode.For the correlation of vibrational motions, the user has to specify which two moleculesare to be considered, on which fragment the orientational alignment is to be performedand on which fragment vibrational motions are to be compared. For convenience, lets usdenote by reference the �rst molecule and by trial the second molecule, for which thereare two panels in the middle part of the window shown on �gure 31 . Each of them con-sists of an option menu at the top, from which a molecule can be chosen, and of a 3Drender widget, where the molecule is shown. In the basic mode, the fragment for the ori-entational alignment is the same as the fragment for comparison of vibrational motions( in contrary to the expert mode) . The procedure of specifying any of the them is thesame :1 . Click on an atom in the reference molecule.2 . Click on the correspondent atom in the trial molecule.3. Repeat 1 and 2 until the fragment is completely constructed.The added atom pairs appear in a list box, located between the panels of the referenceand trial molecules. A vertical button toolbar allows to perform actions related to thefragment :
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Button ExplanationUse the 1 : 1 correspondence between the number of atoms to de�ne the fragment.Remove the selected atom pair( s) from the fragment.Remove all atom pairs from the fragment.Perform the geometrical alignment of the fragment.Synchronize the rotation and zooming in both reference and trial molecules.A panel at the bottom of the window shown on �gure 31 allows to set up the correla-tion options :� Do alignment check box and associated option menuWhether perform or not the geometrical alignment.� Remove non-vibrational contaminations check boxWhether remove or not the translational and rotational contaminations on thefragment to compensate the violation of the Eckart-Sayvetz conditions.� Include translations / rotations check boxWhether perform or not the correlation of the true normal modes with thetranslational and rotational modes.After at least two atoms were added to the fragment, the Correlate buttonbecomes enabled and the user can start the correlation. For description of the results seesection 4. 8. 2 .b) Expert modeIn the second step in the expert mode the user has to select a fragment for the geo-metrical alignment.

Figure 32 . Second step of the wizard in the expert mode.
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The speci�cation of the reference and the trial molecules as well as of the fragment isperformed in the same way as in the basic mode. To complete the wizard go step 3.Step 3In the �nal step ( expert mode) , a fragment for comparison of vibrational motion has to beselected. The user cannot change the reference or trial molecule, since this choice was alreadymade in the second step.

Figure 33 . Third step of the wizard in the expert mode.The speci�cation of the fragment is performed in the same way as described in the step 2 ofthe basic mode. After at least two atoms were added to the fragment, the Correlate button
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becomes enabled and the user can start the correlation. For description of the results seesection 4. 8. 2 .4. 8. 2 Correlation results windowResults of a correlation are two matrices of the overlaps and similarities of the normal modes ofthe reference and trial molecules. By convention, the rows of the matrices correspond to thenormal modes of the reference molecule, while the columns correspond to the normal modes ofthe trial molecule. The matrices can be depicted as tables of numerical values or as circles, thearea of which is proportional to the values. S ince the overlaps and similarities take valuesbetween 0 and 1 . , the biggest circle corresponds to a value of 1 .Top panelThe top panel of the window with the correlation results contains the following informa-tions :� Reference/trial range from and to countersAllows to restrict the representation of the normal modes of the reference/trialmolecule to a given range.� Reset the reference/trial range buttonsSet the reference/trial range to be from the �rst to the last available vibration.� Range of the reference/trial wavenumbers read-only labelsShow the wavenumbers for the chosen reference/trial range.� Precision counterSpecify the order of magnitude for the overlaps and similarities, below which theirvalues are considered to be 0.� Mark overlaps/simililarities >= check boxes and associated entry �eldsOverlaps/similarities above or equal to the speci�ed value will be marked in the over-laps/similarities table with yellow.� Refresh buttonApply the above described settings.At the bottom of the window there is a status bar, which provides the information on where themouse pointer is.Overlaps and Similarities tabsThe correspondent matrix is shown as a table (Values tab) and as circles (Circles tab) . Fortheoretical explanation see section 5. 2 .� Values tab
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Figure 34. Overlap matrix represented as a table.The user can save the matrix in the Comma Separated Values (CSV) format bypressing the button, located to the left of the table.� Circles tab

Figure 35 . Overlap matrix represented as circles .
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The following additional GUI elements are available in the Circles tab :! buttonSave the canvas in the PostScript (PS) , Encapsulated PostScript (EPS) orPortable Document Format (PDF) formats ( for the latter ps2pdf is required) .! buttonSwitch to the overview mode, in which the maximum size of the squares ischosen reasonably small so that the table encompasses all the available vibrations.! Scale factor counterIn the overview mode, the maximum size of the squares will be multiplied withthis number.! buttonSee the Canvas settings dialog subsection.Summary tabThe details of the correlation are provided here.

Figure 36 . Summary tab.Canvas settings dialogThe user can set up several options of the canvas :
Figure 37. Settings of the circles canvas.� Grid on check box
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Whether the grid is to be rendered.� Labels on check boxWhether the number of the vibrations are to be rendered.� Bounding on check boxIf checked, a rectangle which bounds all the squares on the canvas is rendered.Upon clicking on an element of the table or on a circle of the canvas, the two selected vibra-tions will be shown in a separate window. See section 4. 5. 3.4. 8. 3 Simultaneous window for two vibrationsThe window allows to explore two vibrations simultaneously.

Figure 38 . Simultaneous window for two vibrations.The top panel shows the overlap and similarity of the vibrations as well as whether the non-vibrational contaminations were removed. The bottom part of the window consists of twomolecule panels for the reference and trial molecules and a button toolbar, located betweenthem.Molecule panelThe molecule panel has the following elements :� Name of the molecule read-only labelName of the molecule.� Vibration informationShows the number of the vibration and its wavenumber in cm� 1 .� Energy (volume) and Excursions(diameter) radio box with the associated optionmenuOptions for representation of vibrational motion. See section 4. 7. 4.� Scale factor counterA number with which the amplitudes of vibrational motion are multiplied.
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� buttonAllows to toggle between the rendering of the structure and of vibrational motion.� Invert phase check boxInvert the phase of vibrational motion. In praxi, the colors of the hemispheres areinterchanged.� Mark fragment check boxWhether the fragment, on which vibrational motion were compared, is to be markedwith semitransparent grey spheres.� Fragment only checkboxIf checked, then vibrational motion on the fragment only is shown.The following keyboard shortcuts are associated with the above described elements :� m Toggle the Mark fragment check box.� f Toggle the Fragment only checkbox.Button toolbarThe button toolbar allows to perform some actions with the 3D render widgets :Button ExplanationInstruct the camera to do a perspective projection.Instruct the camera to do an orthogonal projection.Enable a synchronized rotation in both 3D render widgets.Enable a synchronized zooming in both 3D render widgets.Restore the initial camera position.Show the Raman/ROA spectra of the molecules. See section 4. 1 1 . 4.Make a snapshot of both 3D render widgets.Note : button is present on the toolbar only if the Raman/ROA data are available for*both* molecules.4. 9 Raman / ROA generation interfaceThe interface is invoked from the Molecule| Raman / ROA generation menu of a molecule' sthumbnail or from the Tools| Raman / ROA generation menu of a molecule window or byclicking the button on the button toolbars of windows described in section 4. 1 1 . The usercan visualize nuclear and group coupling matrices (NCMs and GCMs) , atomic and group contri-bution patterns (ACPs and GCPs) . For theoretical explanation see section 5.The GUI consists of a top panel, a vertical button toolbar at the right side of the windowand a notebook with several tabs in the middle.4. 9 . 1 Top panelThe top panel contains the following elements :� Navigation panelAllows to select a vibration. See section 4. 7. 4.� Mode radio boxTwo possible choices are :! single atoms
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Show nuclear coupling matrices.! groupsShow group coupling matrices. Use button to de�ne groups. Remains dis-abled until the groups are de�ned.� buttonDe�ne groups. See section 4. 9. 6.4. 9 . 2 Button toolbarButton ExplanationCreate a clone of the window.Save the active canvas.Plot Raman/ROA/Degree of circularity spectra for the molecule. See section 4. 1 1 . 1 .4. 9 . 3 Molecular invariants tabVisualize nuclear or group coupling matrices for a particular molecular invariant or cross-section.

Figure 39 . Molecular invariants tab of the Raman/ROA generation interface.The GUI elements are :� Invariant / cross-section option menu
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List of the available molecular invariants and Raman/ROA di�erential cross-sections.For theoretical explanation see section 5. 3.! a2! b2! aG! b2G! b2A� Scale factor counterDe�nes a number with which the radii of the circles in the canvas are multiplied.� buttonCalculate the optimal scale factor for representation of the selected molecularinvariant or cross-section.� total, isotropic, anisotropic and antisymmetric tabsCanvas with the total or local isotropic , anisotropic or antisymmetric contributions ofthe selected molecular invariant or cross-section represented as circles.4. 9 . 4 ACP tabVisualize atomic or group contribution patterns. For theoretical explanation see section 5. 4.

Figure 40 . ACP tab of the Raman/ROA generation interface.
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The meaning of the Invariant / cross-section option menu and the Scale factor counteris the same as in the Molecular invariants tab. The navigation toolbar to the left side of the3D render widget was already described in section 4. 7. 5 . button allows to make a snapshotof the 3D render widget.4. 9 . 5 Vibration tabShow the current vibration. The GUI elements are the same as in a 2 Vibration window, seesection 4. 5. 3.

Figure 41 . Vibration tab of the Raman/ROA generation interface.
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4. 9 . 6 De�ne groups dialogThe dialog is invoked by pressing the button on the button toolbar. It allows to de�negroups for visualizing group coupling matrices and group contribution patterns.

Figure 42 . De�ne groups dialog without any groups.The single button on the button toolbar at the top allows to make a snapshot of the 3Drender widget.Molecule panelIt consists of a 3D render widget where the molecule and de�ned groups are shown.Groups panelIt consists of a list box with groups and a vertical button toolbar for manipulating groups.The functionalities of the latter are summarized in the following table :
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Button ExplanationStart adding a new group.Complete the current group.Remove group( s) selected in the list box.Save the currently de�ned groups to a �le.Load groups from a �le.To add a group :1 . Press the button.2 . Click on atoms constituting the group in the 3D render widget.3. Press the button to complete the group. After that, the added group appears in thelist box.Figure 43 shows an example :

Figure 43. De�ne groups dialog with three groups.
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Pressing the Ok button will enable the groups radio button in the top panel of theRaman/ROA generation interface. After that the user can visualize group couplingmatrices for molecular invariants, cross-sections as well as group contribution patterns. Forinstance, the group coupling matrix for the three groups de�ned above is given on �gure 44.The correspondent group contribution pattern is given on �gure 45. The spheres which representthe contributions of the groups are located in their centers of gravity.

Figure 44. Group coupling matrix for three groups.
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Figure 45 . Group contribution pattern for three groups. The spheres are located in the centers ofgravity of the groups.
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4. 1 0 IR / VCD generation interfaceTo be completed in a future version of PyVib2 .4. 1 1 Plotting SpectraThe user can plot Raman, ROA, Degree of circularity, IR, VCD and g spectra in the curve andstick representation.4. 1 1 . 1 Raman / ROA / Degree of circularity spectra for a single moleculeThis window is invoked from the Molecule| Spectra| Raman / ROA / Degree of circu-larity menu of a molecule' s thumbnail or from the Spectra| Raman / ROA / Degree of cir-cularity menu of a molecule window or by pressing the button on the button toolbar of theRaman / ROA generation interface. The GUI window consists of a top panel, verticalbutton toolbar at the right side of the window, a spectra canvas and a status bar, which showswhere the mouse pointer is.Top panelAllows to choose the scattering and representation type. The GUI elements are :� Scattering option menuAvailable choices are :! BackwardBackward scattering in a scattered circular polarization ( SCP) experiment.! ForwardForward scattering in a SCP experiment.� Representation option menu! CurvesPlot the spectra in the curves representation.
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! StickPlot the stick spectra.Button toolbarButton ExplanationCreate a clone of the window.Save the spectra in the PS, EPS or PDF (ps2pdf is required) formats.Start the Raman/ROA generation interface. See section 4. 9.Spectra settings. See section 4. 1 1 . 2 .Restore the previous plotting region.Spectra canvasExamples of spectra in the curve and stick representations are shown on �gures 46 and 47.

Figure 46 . Raman/ROA/Degree of circularity spectra in the curve representation.
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Figure 47. Raman/ROA/Degree of circulartiry spectra in the stick representation.
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Clicking within the spectra canvas pops up a window with a vibration, closest to the currentposition of the mouse pointer, see section 4. 1 1 . 3. There are two possibilities of zooming :zooming in the x direction (wavenumbers) and in both x and y directions, y is the y axis of theaxes over which the mouse pointer is. To zoom in the x direction, press the left mouse buttonand drag until the desired region of wavenumbers is covered. A red rectangle is shown duringthe dragging. To zoom in both x and y direction use the right mouse button instead. A bluerectangle is then shown. Pressing on the button toolbar allows to return to the previous plot-ting region.4. 1 1 . 2 Spectra settings dialog ( single molecule, see section 4. 1 1 . 1 )The dialog is invoked by pressing the button on the toolbar of a window with spectra for asingle molecule.Common tab

Figure 48. Common tab of the Raman/ROA/Degree of circularity spectra settings dialog for a singlemolecule.The GUI elements are :� Substance information panel! Title 1Text at the top of the spectra.! Title 2Text unter the Title1 in a smaller font.
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� Plotting region panel! Wavenumbers from and to entry �eldsStart and end of the wavenumbers interval.! buttonSet the wavenumbers interval to be equal to ( 1 900, 1 00) .! major tick ( grid) counter and the associated check boxWhether or not the major ticks should be rendered with a speci�ed step.! minor tick ( grid) counter and the associated check boxWhether or not the minor ticks should be rendered with the step de�ned as afraction of the major stick step.Raman, ROA and Degree of circularity tabsThese tabs are of the same kind. One can adjust the settings of the correspondent axes.

Figure 49 . Raman tab of the Raman/ROA/Degree of circularity spectra sett ings dialog for a singlemolecule.The GUI elements are :� Axis panel! Limits radio box� manualSet the y limits of the axis manually. Enter these values together withthe multiply factor to the correspondent controls.� auto
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Automatic normalization to the biggest peak.! Ticks radio box� scaling factorSet the scaling factor of the y axis manually.� �xed numberRender a �xed number of the ticks.� autoThe render engine decides how to perform the rendering of the ticks.� Appearance panel! Line width counterSet the line width.! Line color buttonSet the line color using the standard color choosing dialog ( speci�c to the user' soperating system) .Pro�le tabSet up options for the pro�les of the curves. The pro�le of the calculated bands is consideredto be Lorentz, which is approximated as a linear combination of a �xed number of Gauss func-tions. The pro�le of the instrument is considered to be Gauss. The approximated Lorentz pro�leis convoluted then with the instrument pro�le. This technique is described in detail in [ 1 0] .

Figure 50 . Pro�le tab of the Raman/ROA/Degree of circularity spectra settings dialog for a singlemolecule.
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The GUI elements are :� Number of gaussians counterNumber of gauss functions for approximating a Lorentz curve.� Isotropic FWHM counterFull width at half maximum (FWHM) for the contributions of the isotropic invariants.� Anisotropic FWHM counterFWHM for the contributions of the anisotropic invariants.� Instrument pro�le counterFWHM of the Gauss pro�le of the instrument.Export tabSet up options for exporting the spectra canvas.

Figure 51 . Export tab of the Raman/ROA/Degree of circularity spectra sett ings dialog for a singlemolecule.The GUI elements are :� Figure resolution ( dpi) counterThe resolution in dots per inch.� PDF compatibility level option menuPDF encryption level. See the manual page of ps2pdf.� Size option menuSpeci�es whether the current size of the spectra canvas or the size of an A4 pageshould be used.
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4. 1 1 . 3 Single vibration windowThe window is popped up when one clicks on a band of a spectrum.

Figure 52 . Single vibration window.The following elements make up the GUI :� Molecule name read-only labelMolecule name.� Vibration information widgetShows the number of the vibration and its wavenumber in cm� 1 .� Energy (volume) and Excursions(diameter) radio box with the associated optionmenuOptions for representation of vibrational motion. See section 4. 7. 4.� Scale factor counterA number with which the amplitudes of vibrational motion are multiplied.� buttonShow the structure of the molecule.� button
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Start the Raman/ROA generation interface. See section 4. 9 .� Invert phase check boxInvert the phase of vibrational motion. In praxi, the colors of the hemispheres areinterchanged.4. 1 1 . 4 Raman / ROA / Degree of circularity spectra for several moleculesThe window is invoked by pressing the button on the button toolbar of the main applicationwindow (at least two thumbnails with the Raman/ROA data must be checked) .

Figure 53 . Raman tab of the window.Top panelAllows to choose the scattering and representation type of the spectra as was alreadydescribed in section 4. 1 1 . 1 .
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Button toolbarButton ExplanationMake a clone of the window.Save the active spectra in PS , EPS or PDF (ps2pdf is required) formats.Spectra settings. See section 4. 1 1 . 5 .Correlate vibrational motion of the molecules the spectra of which are plotted.Adjust the y-scale of the active spectra.Restore the previous plotting region.Spectra canvasThe spectra of the single molecules plotted under each other are on the three tabs. Withinone tab the spectra have the same y-scale.4. 1 1 . 5 Spectra settings ( several molecules, see section 4. 1 1 . 4)The dialog is invoked by pressing the button on the toolbar of a window with spectra for sev-eral molecules.Common tabSee section 4. 1 1 . 2 .Subscriptions tab

Figure 54. Subscript ions tab of the Raman/ROA/Degree of circularity spectra sett ings dialog for sev-eral molecules .
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The user can change the labels for the molecules and the titles on all the tabs.Raman, ROA, Degree of circularity tabsSee section 4. 1 1 . 2 . The settings are applied to all the spectra plotted on the correspondenttab.Pro�le tabSee section 4. 1 1 . 2 .Export tabSee section 4. 1 1 . 2 .4. 1 1 . 6 Raman / ROA / Degree of circularity spectra of a mixture of conformersThis window is invoked by pressing the button on the button toolbar of the main window ofPyVib2 . The user must select at least two conformers the spectra of which are to be �mixed�. Itis assumed that the composition of the mixture of the conformers is determined through theirGibbs energies according to the Boltzmann energy distribution at a temperature of 298. 1 5 K. Inpraxis, the user can select arbitrary molecules, for which the Boltzmann distribution does notmake physical sense. That is why the term �molecule� is used bellow. The GUI is implementedas a wizard with two steps.Step 1In a �rst step, one has to select the molecules. They are represented exactly in the same wayas in the thumbnails pane of the main window of PyVib2 .

Figure 55 . Step 1 of the wizard.
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The button toolbar at the top allows the selection ( leftmost button) or deselection ( right-most button) of all the molecules.Step 2In a second step, the energies of the selected molecules can be speci�ed.

Figure 56 . Step 2 of the wizard.Signi�cance of the buttons on the button toolbar at the top :Button ExplanationSave the energies of the molecules in a �le.Load the energies of the molecules from a �le.Show a bar chart with the percentages of the molecules.Sort the molecules by percentage in ascending order.Sort the molecules by percentage in descending order.Plot the spectra of the mixture.
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The Energy units option menu allows to choose between Hartree and kJ/mol. The distina-tion of the remaining GUI elements is self-explainary. Finally, press on the toolbar to plotthe spectra of the mixture.Spectra of the mixtureOn the �rst tab of this window the spectra of the mixture ( according to the Boltzmannenergy distribution) are shown in the same way as for a single molecule, see section 4. 1 1 . 1 . Onthe remaining tabs the spectra of the single molecules are shown, see section 4. 1 1 . 4.

Figure 57 . Raman/ROA/Degree of circulart iry spectra of the mixture in the curve representation.
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4. 1 1 . 7 IR / VCD spectra for a single moleculeThis window is invoked from the Molecule| Spectra| IR / VCD menu of a molecule' s thumb-nail or from the Spectra| IR / VCD menu of a molecule window. The GUI is built exactly inthe same was as for the Raman/ROA/Degree of circularity spectra for a single molecule, see sec-tion 4. 1 1 . 1 . The quantities being plotted are the molar and integrated absorption coe�cients aswell as the dimensionless g-values ( anisotropy ratio) . In the curve representation we plot themolar absorption coe�cients, while in the stick representation - the integrated absorption coe�-cients. For theoretical explanation refer to section 5. 5 .

Figure 58 . IR/VCD spectra in the curve representation.
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Figure 59 . IR/VCD spectra in the stick representation .4. 1 1 . 8 Spectra settings dialog ( single molecule, see section 4. 1 1 . 7)The dialog is invoked by pressing the button on the toolbar of a window with the IR/VCDspectra for a single molecule.Common tabSee section 4. 1 1 . 2 .IR, VCD, G tabsThese tabs are built exactly in the same way as the Raman, ROA, Degree of circularity tabsdescribed in section 4. 1 1 . 2 .Pro�le tab
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Figure 60 . Pro�le tab of the IR/VCD spectra settings dialog for a single molecule.The GUI elements are :� Number of gaussians counterNumber of gauss functions for approximating a Lorentz curve.� FWHM counterFWHM of the Lorentz pro�le of the calculated bands.� Instrument pro�le counterFWHM of the Gauss pro�le of the instrument.Export tabSee section 4. 1 1 . 2 .4. 1 1 . 9 IR / VCD spectra for several moleculesTo be completed in a future version of PyVib2 .4. 1 1 . 1 0 Spectra settings dialog ( several molecules, see section 4. 1 1 . 9)To be completed in a future version of PyVib2 .4. 1 1 . 1 1 IR / VCD spectra of a mixture of conformersTo be completed in a future version of PyVib2 .4. 1 2 The pyviblib class libraryApart from the graphical user interface of PyVib2, one can use the functionalities of the pro-gram via the class library.4. 1 2. 1 OverviewA short description of the packages is provided below :pyviblib.Root package of the class library.
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pyviblib. io.Modules for reading and writing �les in di�erent formats.pyviblib. calc.Calculation routines e. g. for computing vibrational motion, Raman/ROA as well asIR/VCD tensors.pyviblib. util.Help modules for physical constants used throughout the program, the chemical elementsand their isotopes ( see sections 4. 1 3. 1 and 4. 1 3. 2 ) etc.pyviblib. gui.Classes comprising the GUI of PyVib2 , graphical resources etc.For a comprehensive description of all the modules refer to the web site of the program. Thisdocumentation was automatically generated with pydoc ( in the HTML format) .For the data storage and manipulation numpy is used. Array ( ndarray) indices are one-basedfor convenience. See the next subsection for details.4. 1 2. 2 Example sessionAs an illustration, it will be shown here how to use the pyviblib class library in an interactivePython session. Start a Python shell in order to follow the instructions bellow. For that, typepython in the command prompt or use e. g. the IDLE Python shell.First, one has to instantiate an appropriate parser object passing the �le name as an argu-ment. During the creation of the object the data are extracted from the �le and their validity ischecked. Let us parse a DALTON output �le, where the Raman optical activity of the pseudo-equatorial conformer of (R) -methylindane was calculated. For brevity the full path to the �le isomitted.>>> from pyvi bli b. i o import parsers>>> parser_obj = parsers . DaltonOutputParser( ' pro_mei nd_eq_B971 _pc_2__DPS. out' )After the parser object is created, one can access the data via properties. To retrieve thenumber of atoms :>>> print parser_obj . Natoms22The cartesian coordinates ( in angstroms) of the molecule are stored as the coords property.It represents a two-dimensional ndarray whose indices start at one, as was already mentioned inthe previous subsection. The �rst index identi�es an atom while the second one relates to the x,y or z coordinate ( 1 , 2 or 3 respectively) of that atom.>>> print parser_obj . coords [ 6 , 1 : ] # the coordi nates of the si xth atom[ - 0. 8051 1 71 7 - 1 . 4651 1 648 - 0. 1 721 069 ]>>> print parser_obj . coords [ 1 0, 2] # the y coordinate of the tenth atom- 1 . 52580691 892The user might be interested in such classes, de�ned in the pyviblib.io.parsers module,as FCHKFileParser, MOLDENFileParser, XMolXYZFileParser etc.In a next step, one should create an instance of the pyviblib.molecule.Molecule class bypassing the parser object as an argument to the constructor of the class. It contains all the datawhich a molecule possesses. It calculates the bonds in the molecule from the cartesian coordi-nates and examines which data are supplied in the passed parser object. It de�nes commonproperties such as coords or masses and serveral speci�c ones, e. g. if the normal modes areavailable, the NFreq , freqs , L and Lx properties are set, being the number of vibrations, arraywith the wavenumbers sorted in ascending order, mass-weighted and cartesian excursions,respectively. If the ROA data are available, the raman_roa_tensors property is an instance ofthe pyviblib.calc.spectra.RamanROATensors class. In our example, the normal modes alongwith the ROA data are available and so can be accessed as follows :
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>>> from pyvi bli b import molecule>>> mol = molecule. Molecule( parser_obj )>>> print mol . NFreq # number of vibrati ons60>>> print mol . freqs [ 1 : 5] # wavenumbers of the fi rst four vi brations[ 1 04. 8 1 47. 93 208. 47 233. 2 ]>>> print mol . raman_roa_tensors<pyvi bli b. calc . spectra. RamanROATensors obj ect at 0xb50ca50c>In such a way the data manipulation with the class library is performed. For details on theusage of certain classes or functions refer to the HTML documentation (Help| pyviblib ClassLibrary Reference menu of the main window of PyVib2 orhttp: //pyvib2 . sourceforge. net/doc/pydoc/pyviblib. html) . As a last example, let us save the datafor our test molecule in the MOLDEN format. For that, we will use the pyviblib.io.writersmodule :>>> from pyvi bli b. i o import wri ters>>> wri ter_obj = wri ters . MOLDENFi leWri ter( ' mei nd_eq_B971 _pc_2__DPS . mol ' ,. . . molecule=mol)>>> wri ter_obj . wri te( )4. 1 3 PyVib2 resourcesThe program stores informations about the chemical elements in two �les, located in the utilsubdirectory of the pyviblib package directory. Should a syntax error be found in these �les, theprogram won' t start. Some user speci�c default settings are saved in ~ / . pyvib2rc.4. 1 3. 1 pse.datIn the pse. dat �le a common information about the chemical elements is stored. The format ofthe �le is quite straightforward. Each line describes an element and consists of a number of obli-gatory and optional �elds. Lines starting with # or empty lines are ignored. The six obligatory�elds are :Atomic number ( integer) .Atomic number of the element.Symbol ( string) .Symbol of the element ( one or two characters) .Standard atomic weight ( �oat) .Standard atomic weight of the element.Covalent radius (�oat) .Covalent radius of the element in angstroms.Van der Waals radius (�oat) .Van der Waals radius of the element in angstroms.Di�use color ( string) .Di�use color of the element in the HTML format e. g. #FF0000 for the red color.The remaining two optional �elds specify the specular and the ambient colors ( in the HTMLformat) . The default values for them are white and black, respectively. The default data forhydrogen atoms are :1 H 1 . 00794 0. 37 1 . 20 #D3D3D3The �le can be edited to extend the list of recognized elements or to modify the properties ofthe existing ones ( e. g. the colors) . Such properties as the covalent radii can be taken e. g. fromhttp: //www.webelements. com/ .
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4. 1 3. 2 isotopes. datThe isotopes for the elements, speci�ed in the pse. dat �le, must be listed in the isotopes. dat �le.Each non-empty line, which does not start with #, must contain the atomic number of an ele-ment followed by a list of its known isotopes. E. g. for the hydrogen atom :1 1 . 007825 2. 01 41 02 3. 01 60494. 1 3. 3 . pyvib2rcThis �le contains some user speci�c default settings, read by PyVib2 at startup and writtenwhen exiting the program. The structure of the �le is similar on what one would �nd onMicrosoft Windows INI �les. It consists of sections, led by a �[ section] � header and followedby �key: value� or ` ' key=value' ` entries. At the time being, there are two sections with the fol-lowing keys :� DEFAULTlastdir.Last visited directory. The initial directory for the File Open dialog.recent�les.A list of recently opened �les, shown in the File| Recent Files menu of the mainwindow (at most 1 3 �les) .� Renderingresolution.Default VTK resolution. See section 4. 6. 5.An example content of the �le is shown below :[DEFAU LT]l a std i r = /h om e/fedorovsky/pyvi b l i b /testrecen t� l es = [ ' / h om e/fedorovsky/pyvi b l i b/ test/pro_mei n d_ eq_ B 971_ pc_ 2__DPS. ou t' ,' / h om e/fedorovsky/pyvi b l i b/ test/1 -PE/pro_ 1_ PE_R_ B971_ pc_ 2__DPS. da t' ][Ren der i n g]resol u ti on = 1 0Note : The program remains silent on errors found in . pyvib2rc.5 Theoretical backgroundA brief compendium of the most important concepts and formulae is provided in this section.The informations are taken essentially from [ 1 1 ] [ 1 2 ] .5. 1 Vibrational motionIn a molecule with N nuclei there are 3N normal modes Q p, which represent the true vibrationsalong with the translations and rotations. The connection of Q p with the 3N mass-weightedcartesian displacements q� ; i for the nuclei � with mass m� is expressed through the followingequations : q= L � Q ( 1 )q�i = m�p x�i ( 2 )The transformation matrix L consists of the 3N eigenvectors Lp of the Hessian matrix. These
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vectors as well as the correspondent cartesian excursions Lpx are normalized in the followingway : X�= 1N L� ; p � L� ; p= X�= 1N m� L� ; px � L� ; px = 1 ( 3)There are several possibilities of visualizing Lp and Lpx . The usual technique consists in ren-dering of an arrow on each nucleus � with the length of the arrow proportional to j L� ; px j . Thesame cartesian excursions are used to create animations of vibrations. Notwithstanding theclearness of this approach, it is problematically enough to gain simultaneously a good impressionof the size and the direction of nuclear motion even for a medium-sized molecule. A pro�cientsolution to this problem has been proposed by W. Hug [ 1 1 ] . The size of vibrational motion on anucleus can be represented as a sphere centered on the nucleus with the radius depending on themagnitude of the motion. The sphere is to be shaded appropriately to indicate the direction ofthe motion. Depending on the context, it might be useful to represent Lp or L px for a particularpurpose.1 . Representation of L px ( cartesian excursions) :a) Standard normalizationThe radii of the spheres are proportional to j L� ; px j . The size of the surfaces ofthe spheres re�ects the importance of nuclear motion for VCD absorption cross-sections but does not for vibrational absorption, Raman and ROA scattering cross-sections upon comparison of di�erent vibrations. The size is strongly dependent onthe mass of the nuclei, which leads to smaller contributions of heavier nuclei com-pared with ones of lighter nuclei.b) Zero-pointThe radii of the spheres are proportional to �� L� ; px �� / !p, where !p = 200�c�~pwith �~p expressed in cm� 1 . The size of the surfaces of the spheres re�ects theimportance of nuclear motion for vibrational absorption, Raman and ROA scat-tering cross-sections but does not for VCD absorption cross-sections upon compar-ison of di�erent vibrations. This option has the same disadvantage with themasses as described in a) . Additionally to it, low-frequecy vibrations can appearmuch bigger than high-frequency ones due to the dependence on the wavenumber.c) Total surface �xCartesian excursions are renormalized so that P�= 1N L� ; px � L� ; px = 1 . The sumof the surfaces of the spheres is always constant and therefore one does not need toreadjust the scale in graphical representations when comparing two arbitraryvibrations. On the other hand, one cannot compare the size of nuclear motion forthem. For a given normal mode, the relative size of the surfaces of the spheresre�ects the relative importance of nuclear motion for a particular cross-section.The latter is not the case when comparing di�erent modes.2 . Representation of L p ( vibrational energy distribution) :a) Total volume �xThe volume of the spheres is proportional to �� L� ; p j 2 . One can see the contribu-tion of the single nuclei to the vibrational energy of a normal mode. This represen-tation is most practical for �nding out resemblances of nuclear motion for arbi-trary vibrations.
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b) Zero-pointThe volume of the spheres is proportional to �� L� ; p j 2/ !p. See 1 b) .5. 2 Overlaps and similarities of vibrational modesIn order to be able to qualitatively compare vibrational motion in molecules, we have introducedthe notions of overlap and similarity of vibrational modes.The overlap Op 0 pF of mode p0 with mode p on a fragment F is de�nied by the double contrac-tion of the dyads of their L-vectors on the nuclei of the fragment :Op 0 pF = Lp 0FL p 0F : LpFL pF ( 4)The similarity Sp 0 pF of the modes is de�nied as follows :Sp 0 pF = O p 0 pF�� L p 0FLp 0F �� �� LpFLpF �� = Lp 0FL p 0F : LpFLpFLp 0FLp 0F : L p 0FLp 0Fq L pFL pF : L pFL pFq ( 5)The overlap characterizes the common component of the modes while the similarity re�ects theresemblance of their shapes. Both overlap and similarity are dimensionless quantities, whichtake values in the range between 0 and 1 . If one compares vibrational motion on all the nuclei oftwo systems with the same number of nuclei, then the overlap is identically equal to the simi-larity, because of the normalization condition given by equation 3. Our procedure is aware ofthe fact that the Eckart-Sayvetz conditions are not, in general, satis�ed for the fragment F ineither of the compared modes. To compensate it, we can subtract out the translational androtational contaminations from the dyads in equations 4 and 5. In this case we obtain theoverlap of the vibrational components of the modes. Several illustrative examples of applicationof the method can be found in [ 1 2 ] [ 1 3] [ 1 4] .5. 3 Nuclear and Group Coupling MatricesAccording to the Placzek polarizability theory approach, calculated Raman and ROA intensitiesfor a normal mode p are expressed as linear combinations of �ve molecular invariants of theform [ 1 1 ] : Jp= X� ; � J�� ; p ( 6)J�� ; p = ~400�c��~pL� ; px � V�� � L� ; px ( 7)Each of the molecular invariants is given as a sum of its dinuclear terms de�nied by equation 7,where V�� is a dyadic composed of a combination of tensor elements depending on the invariantunder consideration. We will limit our discussion here with the Raman and ROA intensities in ascattered circular polarization ( SCP) experiment with the naturally polarized ( n) incident light.The calculated Raman intensities, considered to be the circular sum di�erential scattering cross-sections per unit of solid angle of collected light, are expressed through the isotropic andanisotropic molecular invariants a2 and �2 . For the backward and forward scattering one has :nd�S C P (�) /d
 = nd�S C P ( 0) /d
 = K� 90a2 + 1 4�2 � ; ( 8)K = Kp= 190� �04� � 2!p3!0 = 1 079 �2�02c4 �~p3�~0 ; ( 9)where !0 and !p are the angular frequencies of the incident and scattered light respectively, �0is the permeability of the vacuum. The calculated ROA intensities, considered to be the circulardi�erence di�erential scattering cross-sections per unit of solid angle of collected light, are linearcombinations of the remaining three molecular invariants aG 0 , �G2 and �A2 . The expressions forthe backward and forward scattering are :� �nd�S C P (�) /d
 = 4Kc � 1 2�G2 + 4�A2 � ( 1 0)� �nd�S C P ( 0) /d
 = 4Kc � 90aG 0+2�G2 � 2�A2 � ( 1 1 )
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We use the sign convention for di�erences of scattering cross-sections because they are de�ned inagreement with the general sign convention in the �eld of optical actitivity left minus right cir-cular. Since the involved cross-sections depend on the temperature at which a measurement isconducted, it is necessary to take into consideration the thermal population of vibrational states.To apply the correction, one multiplies all the intensities with the Boltzmann factor 1 /� 1 �e� 1 0 0h��~pc/ k T � . The SI units of the Raman and ROA intensities are m2/ sr, but from practicalreasons we use A2/ sr in PyVib2 .The dinuclear terms of the molecular invariants and of the di�erential cross-sections repre-sent for a particular vibration a set of square N � N matrices with N being the number ofatoms. We refer to them as nuclear coupling matrices (NCMs) , which provide us the informa-tion on the size and the sign of coupling terms between single atoms. Since in sums of the form6 only the symmetric part contributes, one can add the o�-diagonal halves of the matrices andrepresent the result in triangular form. This still gives an enormous amount of information. Tofacilitate its interpretation, one can limit the consideration to several groups of atoms by sepa-rately adding up intra-group mono- and di-nuclear terms, and inter-group di-nuclear terms ofthat atoms. As a result, one obtains so called group coupling matrices (GCMs) of the dimensionNgr � Ngr with Ngr being the number of the de�nied groups.5. 4 Atomic and Group Contribution PatternsAnother possibility to get insight into Raman and ROA generation is the visualization of thecontributions of individual atoms de�nied as :J (� ) p= X� (J�� ; pr(�) �� ; p+ J�� ; pr(�) �� ; p) ; ( 1 2 )r(�) �� ; p= j L� ; px � V�� j + j L� ; px � V�� j�� L� ; px � V�� �� + �� L� ; px � V�� �� + �� V�� � L� ; px �� + �� V�� � L� ; px �� ( 1 3)r(� ) �� ; p= j V�� � L� ; px j + j V�� � L� ; px j�� V�� � L� ; px �� + �� V�� � L� ; px �� + �� L� ; px � V�� �� + �� L� ; px � V�� �� ( 1 4)where r(� ) �� ; p are weighting coe�cients for the dinuclear terms. We refer to the obtained quan-titities J (� ) p as atomic contribution patterns (ACPs) . The weighting coe�cients in equtions 1 3and 1 4 are based on the norms of vectors of the form L� ; px � V�� . The contribution of a singleatom is rendered as a sphere centered on the atom with the surface of the sphere proportional tothe absolute value of the contribution. For a group of atoms A one can add the contributions ofthe atoms comprising the group :J (A) p= X� J (� ) p ; � 2 A ( 1 5)We refer to the quantities J (A) p, de�ned in equation 1 5, as group contribution patterns (GCPs) .The contribution of a group is rendered as a sphere, placed in the center of gravity of the groupwith the surface of the sphere proportional to the absolute value of the contribution.5. 5 SpectraThe expressions for the Raman and ROA intensities were already discussed in the section 5. 3.The degree of circularity C is the ratio of the intensity of the circularly polarized component tothe total intensity of the scattered radiation de�ned as [ 1 5] :RC(�) = RIR(�) � RIL(�)RIR(�) + RIL(�) = �R C( 0) ( 1 6)and can be calculated from a2 and �2 as :RC (�) = 5�2 � 45a27�2 + 45a2 ( 1 7)
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To plot infrared vibrational absorption and VCD spectra one has to calculate the molar absorp-tion coe�cient and the di�erence of the molar absorption coe�cients for left and right circularlight [ 1 0] [ 1 6] [ 1 7] , respectively :"p(�~ ) = 2�2NA3"0h c ln( 1 0 ) �~ hmp j Q p j np iDpfp( �~p ; �~ ) ; ( 1 8)�"p( �~ ) = 8�2NA3"0h c2 ln( 1 0 ) �~ Imn hmp j Q p j np i Dmp��� P̂p��� npE o Rpfp( �~p ; �~ ) ; ( 1 9)Dp= X� ; � L� ; px � V (D ) �� � L� ; px ; ( 20)Rp= X� ; � L� ; px � V (R) �� � L� ; px ; ( 21 )where Dp and Rp are the reduced dipole and rotational strengths [ 1 0] , "0 is the permittivity ofthe vacuum, NA is Avogadro' s number, �~p is vibrational frequency, fp(�~p ; �~ ) is a normalizedband shape. The elements of the dyadics V�� are :V (D ) �i ; �j = Re( X� � @��@x i� � 0 @��@x j� ! 0) = Re( X� Pi��Pj�� ) ; ( 22 )V (R) �i ; �j = Re( X� � @��@x i� � 0 @m�@x_ j� ! 0) = Re( X� Pi��Mj�� ) ; ( 23)where � stands for the electric and m for the magnetic dipole moment, Pi�� and Mj�� are compo-nents of atomic polar tensors (APTs) and atomic axial tensors (AATs) [ 1 8] [ 1 9] , respectively.The dimensionless anisotropy ratio, gp, can be used to judge the measurability of VCD( should be > 1 0� 5 ) [ 1 0] . It is de�ned as :gp= �"p"p ( 24)The integrated absorption coe�cients, Ap and �Ap, correspond to the area under the plots ofthe molar absorption coe�cient "p( �~ ) and the di�erence of the molar absorption coe�cients�"p( �~ ) against wavenumber [ 20] , respectively :Ap= Zband "p( �~ ) d�~ = 2�2NA3"0h c ln( 1 0 ) �~p hmp j Q p j np iDp ( 25)�Ap= Zband �"p(�~ ) d�~ = 8�2NA3"0h c2 ln( 1 0 ) �~p Imn hmp j Q p j np i Dmp��� P̂p��� npE o Rp ( 26)The SI units for the molar and integrated absorption coe�cients are m2/mol and m/mol respec-tively. The integrated absorption coe�cient corresponds to the IR intensity calculated byDALTON (Vi bra ti on a l F requ en ci es an d I R I n ten si ti es section) and Gaussian ( I R I n ten �eld in thesummary section) divided by ln( 1 0) .6 AcknowledgementsThe author is very grateful to Prof. Werner Hug for the scienti�c inspiration and many sugges-tions for the program. The following people have taken an active part in the testing stage : PhDstudents Dmytro Dudenko, Patric Oulevey. VOAView (Dr. Jacques Haesler) and pyVib (Dr.Mohamed Zerara) programs were very helpful during the development of PyVib2 . Our researchgroup is indebted to the DALTON team for the help in getting started with VROA calculations.The project was supported by the Swiss National Science Foundation under grants number200020-1 03750/1 and 200020-1 1 2201 /1 .
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