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8 VIBRATZ Help

2 General Procedure for Input

Y ou should read the section on Operation - Windows, Menus and Dial ogs to becomefamiliar with
the basic elements of the VIBRATZ programitself.

Thefirst step isto enter the basic structural data, which isin the dialogs of the |nput menu, or
buttonsin the Startup Window. There are basically three waysto enter the data, through the New
or Import buttons or optionsin the File menu; or by modifying an existingfile.

The New option will step through the dial ogs which are usually mandatory for input of new data.
Thisprocessisdescribed below.

The Import option will read datafrom afile of one sort or another. Crystallographic datafiles
will usually provide most if not all of theinformation needed in the Input menu, but molecular
filesmay provide only part of the necessary data, namely the atomic coordinates

If you want to enter datafor acompound whichisclosely related to one you have aready done, it
may be easiest just to change only certain parts of theinput, for example the atomic positions
and/or symmetry, or perhapsjust the atomic weights.

Title/Axesdialog.

Molecules. All the L atticetrandation boxes at the bottom of the dialog must be unchecked for a
molecule. Normally the atomic coordinates for amolecule are on Cartesian axes, so axislengths
should be 1.0 and interaxial angles should be 90 degrees. One possible exception might be
moleculeswith trigonal or hexagonal symmetry, for which an interaxial gammaangle of 120
degreessimplifiesthe symmetry matrices. VIBRATZ usesthe gammaangleto distinguish
between hexagonal and Cartesian axes and should use the correct symmetry matrices.

Crystals. All theL atticetrandation boxes at the bottom of the dialog must all be checked for a
crystal.

Although VIBRATZ will ultimately use only the atomsin the primitive unit cell, you must enter
here the axesfor the conventional Bravaiscell, which may be non-primitive.

In the case of trigonal rhombohedral crystalsyou can choose either primitive axes or non-
primitive hexagonal axes. If you chooserhombohedral axes, VIBRATZ will automatically derive
the appropriate Pre-Cal culation Rotations (bel ow) to bring the 3-fold symmetry axis parallel to z,
asrequired for proper symmetry analysis. The choice of rhombohedral/hexagonal axes should
agree with the space-group setting in the Symmetry option. The axesfor monoclinic crystals
should be consistent with the atomic coordinates, but if the second setting is used (unique axisb),
the axes, atoms and symmetry matrices must be rotated so that the unique axisis parallel to z.
VIBRATZ detectsthis setting and automatically entersthe correct rotationsin the

PreCalculation Rotations dialog (bel ow).

Polymers. One or two of the L atticetranslation boxes at the bottom of the dialog should be
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General Procedure for Input 9

checked.

Symmetry dialog.

Molecules. Moleculesshould either have no symmetry or point-group symmetry (not space-
group symmetry). The symmetry matrices supplied by VIBRATZ, whether ininternal form for
crystallographic point groups or in filesfor non-crystall ographic groups, have orientation as
follows. Any unique axisisparallel toz. If "horizontal" two-fold axes perpendicular to the
unique (normally high-order) axis are present, one of them isparallel to the x-axis. If there are
vertical mirror planes, but no horizontal 2-fold axes, one of the mirror planesis perpendicular to
the x-axis. For icosahedral groups, one 5-fold axisis vertical and an adjacent 3-fold axisisin the
x-z plane.

If the atomic coordinates for your molecul e are not consistent with these orientations, there are
two alternatives. First, the atomic coordinates may be rotated around the z-axis with an option in
the |nput Atoms dialog. Second, you could supply symmetry matrices consisent with your
orientation, reading themin with the Symmetry fromfile option in the Point-Group Symmetry
dialog. Thismight require different basis functionsfrom the standard ones (see

Making Symmetry Files), or rotations as in the next paragraphs.

Crystals. Thenormal choice of symmetry option is Space Group, but if you have imported afile
the option may be Custom Symmetry.

Polymers. Polymersshould normally use Space Group or Custom symmetry. Trandationsin
one or two directions should be disabled in the Title/Axes dialog dialog. The chosen space group
should not have screw-axis, glide-plane or centered-lattice translational componentsin anon-
polymer direction.

Pre-Calculation Rotations.

Thisisintended primarily for space groups which do not have the standard orientation described
above(see Space Group Symmetry); it rotates both the symmetry matrices and the atomsin order
to make the orientation consistent with the basis functions used for symmetry analysis. The
proper rotations should usually be determined automatically when space-group symmetry is
specified, and this dialog does not normally appear in New input. It isnot necessary for point
groups unless a custom set of symmetry matrices with non-standard orientation isread in with the
Symmetry fromfile option in the Point-Group Symmetry dialog, or if anon-standard orientation
isused inthe Custom Symmetry option.

Input Atoms dialog.

VIBRATZ generates all the atomsin amolecule by applying the symmetry matricesto theinput
atom coordinates, so thereisno need to enter all atoms. However, it ispossibleto enter all atoms,
and VIBRATZ shouldidentify those which are unnecessary and del ete them with your permission.
The Atom type for each input atomsistypically the atomic number. The Coordination option can
bevery valuablein identifying the bonds and angles which may beimportant asinternal
coordinates(see For ces below) - it liststhe bond distances and angles.
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10 VIBRATZ Help

Input Atom Types.

The atom types|ist tiestogether the atom types assigned to the input atoms with the bond, angle
and interaction specifications, and assigns atomic weights. The simplest way to do thisin most
casesisto use standard atomic numbers, and thisisthe default list. However, there are times
when it may be necessary to assign different type numbersto input atoms of the same chemical
species, for examplewhen an element occursin Urey-Bradley polyhedrawith different
coordinationnumbers.

Species diaog.

Thisdialog liststhe speciesfor the selected point/factor group, but before a calculation is made
the number of modesin each speciesisnot correct. If the checkbox for a speciesisnot checked at
this stage, that specieswill not be cal culated and the number of modeswill remain zero. Oncea
calculation has been made, these numbers are present and are saved in the datafile.

Observed Wavenumbers.

For least-sgquares adjustment, and general evaluation of the cal cul ation, observed wavenumbers
can be entered for each species.

Thesequence of dialogsin New input may be halted at this point, without entering forces. If this
isdone, asymmetry analysis may be carried out without entering forces by checking the
Symmetry only box in the Control Window and clicking on the Calculate button. Thisgivesthe
number of modesin each speciesonly, without i nformation about frequencies or atomic motions.

Forces. If the structure isnot well known, it may be useful to use the Coordination option in the
Input Atoms dialog. Thiscan give not only the coordination of each atom, but a sorted list of
bondsand angles. Generally the strongest forcesinvolvethe chemically strongest bonds, which
are usually the shortest. However, some modes are dominated by forces other than bondsand 3-
atom angles, and the longer-range forces of thistype are not so readily identified. Possiblelong-
rangeforcesinclued tau torsion angles, psi bond-plane angles and second-nearest neighbor
"bonds’. It should first be considered whether these more complex forces cannot sometimes be
avoided by useof 3-atom angle forcesin the direction perpendicular to the plane of the bond (or
intwo directionsfor 180 degree angles) - see Angle Force List. Otherwiseit may beagood idea
to carry out acalculation using only the stronger short-range forces, that is ordinary valence
bonds and 3-atom angles, to 1) see what symmetry species are affected by an insufficient number
of forces, and 2) study the structurein the Atoms graphicswindow. No harmisdoneif thereis
an insufficient number of force constants (or internal coordinates) overall or for aparticular
species - some frequencies may simply be cal culated as zero or much lower than the true values.
It should a so be clearly understood that there isno limit to the number of force constants or
internal coordinateswhich may be used - sinceall forces are converted to Cartesian coordinates,
and symmetry analysis and solution of the secular equation are done using the Cartesian
coordinates, redundanciesamong theinternal coordinates need not be explicitly considered (but
superfluousforce constants may cause problemsin |east-sgquare adjustment).

For crystals, particularly those with asmall unit cell, the geometric relationships which call for
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General Procedure for Input 11

more complex forces such astau and psi angles and/or second-nearest neighbor bonds may not
always be apparent in the part of the structure (basically one unit cell) which can be shown in the
Atoms graphicswindow. It may be advantageous to examine the structure in a program such as
ATOM Swhich can show larger portions (many unit cells) of the structure.

Full Calculation. Having completed the mandatory input in the dialogs of the Input Menu, with
at least someforces specified in the dial ogs of the Forces Menu, clicking on the Calculate button
with the Symmetry Only button unchecked will give afull cal culation with output of frequencies
and information about atomic motions and changesin the bonds and angl es (depending somewhat
onwhich output itemsare selected in the Listings dialog). Interms of adjusting force constants,
the most informative part of the output is probably the partslabeled "En/grp", which isthe
fraction of the energy of the mode under consideration contributed by all theindividual bonds,
angle or interactions bel onging to each input coordinate or force constant.

Least-Squares. Ingeneral, least-squares adjustment should not be attempted until the force
model iscomplete, that isuntil the full number of force constantsis specified. Even then, it may
be necessary to limit refinement to only afew force constants at atime. The fastest way to change
which force constants arerefined isthrough the Forces List button in the Control Window - this
givesaconsolidated list of independent force constants.

Perhaps the main requirement of |east-squaresisthat the assignment of cal cul ated to observed
modes be correct, that isthelist of calculated modesin order of frequency within each species
should correspond to thelist of observed modes (of coursethe assignment of observed modesto
species must al so be correct). When the full number of modesin a speciesisnot observed, the
determination of which particular ones are absent (absent modes are signifiedin VIBRATZ by
entering observed wavenumber 0.0) isextremely critical, especially if higher-frequency modesare
absent. Correct assignment and correspondence of modes becomes more difficult, and requires
more exact pre-adjustment of force constants, the more frequenciesthere arein aspeciesand the
fewer restrictionsthere are on the nature of the modes because of symmetry. Thisconsideration
being met (not atrivial requirement), the least-squares processis capable of adjusting force
constants over aconsiderable range, especialy if only oneor afew aredone at atime.

Some force constants may only appear in certain species, and both Species and force constants
(most easily with the Forces List button in the Control Window ) may be omitted from aleast-
squares calculation to take advantage of such situations. The force constants or internal
coordinates which participatein each species are not directly determined by the symmetry analysis
inVIBRATZ (asthey would bein asymmetry analysis based on internal coordinates), but the
average contribution of each force constant to each speciesisgiveninthe Output.

3 Operation - Windows, Menus
Windows

VIBRATZ usesfivetypesof windows; the Start-up Window, the Control Window, the
SpectraWindow, the AtomsWindow, and Text Windows.

Start-up Window. Thiswindow allows entry of a New data set, Opening an old Vibratz (or
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12 VIBRATZ Help

VIBRAT) data set, or Importing structural datafrom various types of molecular and
crystallographic datafiles. Once adataset ispresent, thiswindow is not shown - the Control
window appearsin itsplace.

Control Window. Thiswindow controlsthe overall operation of VIBRATZ onceadataset is
present. It isactually adialog with standard controls. It is present whenever thereisadatasetin
memory. Among other things, the Control Window determineswhether the other main types of
windows are present. The Output window (a Text Window - see below) appearsonly if the
Window radio button in the Output file group ischecked. The SpectraWindow and Atoms
Window appear after calculation only if the corresponding boxes are checked. The Calculate
button causes a calculation or re-cal culation, and the Spectra, Atoms and Output windows are
redrawn.

Spectra Window. Thiswindow displays synthetic infrared, Raman and or NRV S spectra. The
parameters controlling the cal cul ation of intensities and appearance of the plot arein the

Spectra Plot Parameters dialog in the Settings menu. Thisdialog may also be accessed with a
button inthe Control Window. The Window itself hasaDialog Bar on its upper edge, which
allows selection of the spectrashown, i.e. combined or individual components of IR and/or Raman
spectra. Theinfrared spectraare shown in the upper helf of the window, with absorption going
downward, while Raman spectraare shown in the lower half, with scattering going upward.

AtomsWindow. Thiswindow displays adrawing of the atomsin the structure with vectors
indicating relative motionsin the normal modes. The parameters controlling the appearance of the
plot areinthe Atoms Plot Parameters dialog in the Settings menu; this dialog may also be
accessed with abutton in the Control Window. When thiswindow is active, thereisa Rotation
menu present in the menu bar. The Window itself hasaDialog Bar on itsleft edge, which allows
simplerotation, selection of the mode displayed, and changes of certain other parameters.

Text Windows - Output Window, Bonds (Coordination) window. Thesewindows, which display
results of calculationsin textual form, are standard text-edit windows. Each displaysthe contents
of atext file, whose nameisgiven in thetitle bar of thewindow. The text may be changed,
deleted and printed out, using the standard menu commandsfor text editing. The menu bar which
is present when atext window is activeis completely different from the menu bar present whichis
present when the Control, Spectra or Atoms Window is active - the Text Window menu bar only
shows commands pertaining to editing the current text file. To restore the menu bar which allows
accessto the current VIBRATZ data set you must make one of the other windows active by
clickingonit, or by selecting it in the Window menu.

Menus

Each of thefour types of window hasadifferent Menu Bar (which is present in the window itself
in MSWindows, and in the full-screen position in Macintosh). The menu bar for the Control
window has entriesfor editing the data; the menu bar for the Spectraand Atoms windows have
entriesfor output and in the case of the Atomswindow for special Rotations. The menu bar which
is present when a Text window (Qutput or Coordination) isactive hasentriesfor editing and
changing fonts, etc.
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Operation - Windows, Menus 13

3.1 Startup Window

Y ou should see thiswindow only when thereisno VIBRATZ data set in memory. To
load a data set, use the New, Import or Open commands in the file menu, or the buttons
with the same names.

Thefollowing commandsare availableinthe File Menu:

New - Thisstartsanew data set, stepping through the dialogs of the [nput menu, and optionally
through those of the Forces menu.

Open - Openanexisting VIBRATZ file, either acurrent .VBR datafile, or a.VIB file from the
old VIBRAT program. Alsowill open .VBD text files giving output from previousruns.

Import File - Import atomic coordinates and other parameters from avariety of crystallographic
and molecular filetypes.

PageSetup - Setsparametersfor printout, such as number of copies and page size.

Exit/Quit - Quit VIBRATZ.

Y ou can aso access dialogsin the Settings Menu.

3.2 Control Window

Thiswindow controlsthe overall operation of VIBRATZ. Itissimilar to adialog with standard
controls, but it cannot be dismissed without closing the current dataset. 1t ispresent whenever
thereisadataset in memory. If no Control Window is present, go to the File menu and select
New, Open or Import File.

Seethecompletelist of Menu options

Save, SaveAs, Open, Close buttons. These buttons duplicate some of the standard functionsin
the File menu. However, these buttons may be more convenient and safer to use than selecting the
functionsinthe File menu. If the Output Window or another of the Text windows (see

Operation - Windows, Menus, Dialogs) isactive, the commandsin the File menu pertain to that
text file, not to the VIBRATZ data set and thusit is quite possible to Save (for example) atext
filewhen you really mean to Save the current VIBRATZ data set. If you click on the Save button
in the Control Window, it isalwaysthe VIBRATZ data set which is saved.

Calculate button. This carries out a normal-coordinate cal culation, using the data input through
thedialogsinthe Input and Forces menus. This always causesthe Output file (below) to be
rewritten. 1f no bond and/or angle forces have been entered (Forces menu), the calculation will be
carried out asif the Symmetry only box (bel ow) were checked.

Open button. Thiswill open an existing .VIB or .VBR datafile. Since VIBRATZ only doesone
problem at atime, the current filewill be closed (if changes have been made you are asked if you
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14 VIBRATZ Help

want to save them).

Output File. VIBRATZ awayswritesthe results of the calculation to an Output File, named
infile.VBD, whereinfile.VBR isthe name of the datafile. Thisisastandard ASCI| text file,
which may be read and modified with any word processor. If the Window radio button is checked
the contents of thisfile are shown on screen in a Text window, which hasits own menu bar with
editing options. The Listings button brings up the Listings dialog, allowing sel ection of what
parts of the output are written to thefile.

Symmetryonly. If thisbox ischecked, VIBRATZ does not actually calculate frequencies, but
only determinesthe number of normal modesin each symmetry species. Theresultsare printedin
the Output file, and will also be shown in the Species Data dialog in the Input menu. If the
Atomsplot box ischecked, the atoms (only) will also appear in the Atoms Window.

Frequenciesonly. If thisbox is checked the cal cul ations of atomic displacements, changesin
internal coordinates and intensitiesare omitted. This can speed up the cal culation considerably,
especially for smaller structures. However, the time required for these cal culationstendsto be
linearly proportional to the number of modes, whereasthe time required for the actual solution for
frequenciesis proportional to ahigher power of the number of modesin each species.

Spectrumplot. If thisischecked, sythetic spectrawill be drawn in the Spectra Window. The
Par ameter < button brings up the Spectra Plotting Parameters dialog in which the various
parameters can be set. The selection of infrared and/or Raman components which are shown in
the spectrais made with the controlsin the Dialog Bar of the Spectra Window itself after it

appears.

Atomsplot. If thisischecked, the atomic structure will be drawn in the Atoms Window, with
vectorsrepresenting the atomic motionsin the particular normal mode selected. The Parameter s
button brings up the Atoms Plotting Parameters dialog in which the various parameters can be set.
The Atoms Window itself has a Dialog Bar which allows simple rotations and selection of the
particular mode which isshown. The mode may also be selected in the Select Mode dialog in the
Settings menu.

Y ou can seethe atomic structure before forces are entered by clicking on Calculate, after
checkingthe Symmetry only box (above). If fact, if there are no bond or angle forces specified
the calculation will be carried out as symmetry only, and there will be no atomic displacement or
modeinformationintheplot.

Motionfile (.mot). If thisischecked, afileiswritten with the atomic displacementsin al modes,
for usein other programs, such as ATOMS, which can plot the structure in more el aborate ways
than VIBRATZ.

NRV S check box. Thisenablesthe special features of VIBRATZ for Nuclear Resonance
Vibrational Spectroscopy. If you do not have NRV S data or wish to model an NRV S spectrum,
uncheck thisbox.

NRV SParameter s button. Thiscalls up the NRV S parameters dialog.
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Spectrumfile (.spc). If thisischecked, afileiswritten with the calculated intensities of all
modes. Thisincludestheindividual components(x, y and z for infrared and the six cross-
products or combinations thereof for Raman) and the spatial averages.

Cartesianforces. VIBRATZ may optionally use Cartesian atomic forces instead of valence
forces or internal coordinates. In thiscase amatrix of Cartesian atomic forcesisread in, and any
forcesentered in the dialogs of the Forces menu areignored. Theinput fileisspecifiedinthe
Cartesian Atomic Forces from File dialog, called up with the Car tesian For ces button.

The Unitsfor angleforcesoption, formerly in thisdialog, has been moved to the Angle Forces
diaog.

ForcesList. Oncethe specificationsfor theforcesor internal coordinates have been entered in
the dialogs of the Forces menu, the easiest way to change the force-constant values or select which
ones are subject to least-squares adjustment isthrough the Forces List button. Thisgivesasingle
list of al the current force constants.

M ean-Squar es button. Thiswill compute the mean-square changesin interatomic distances, for
usein calculating EXAFS

| sotopes button. This controlsisotope substitution in up to two configurations beyond the base or
non-substituted configuration - see | sotope Configurations

L east-squar esiteration. VIBRATZ can do least-squares adjustment of the force constantsin
threedifferent ways, analytical refinement on frequencies, step-by-step refinement on frequencies,
or step-by-step refinement on intensitiesfor NRV S spectra (and al so step-by-step refinement on
both frequenciesand NRV Sintensities). Different parameters appear at the bottom of the
Control Window depending onwhich optionisselected.

Note that entire species may be omitted from the calculation, and from least-squares, with the
Species diadog in the Input menu. Also, individual modes may be omitted, using the settingsin the
Observed dialog in the Input menu.

1) Least-Squar es- Analytical method. Thisassumesthat the cal culated atomic motionsfor
each mode are correct, and cal cul ates the change in the force constants required to make the
calculated potential energy agreewith observed (see Theory and Implementation). Thismethod is
not supported for |sotope Configurations.

Parameters. The Endcriterion determineswhen the cyclesareterminated. For frequency
refinement only, if theimprovement in the average squared deviation in wavenumber for all modes
issmaller than thisvalue the adjustment isterminated, keeping the new adjusted values. If the
average deviation worsens, theinteration isterminated and the force constants revert to their
values before the current cycle. This can usually be set quite small, 0.01 or less, unless
computation timeisaproblem. However, if it istoo small in comparison to either the Reduction
factor or the step-by-step I ncrement, the refinement may terminate prematurely. The Reduction
factor multipliesthe calculated change in each force constant - avalue lessthan 1.0 will
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potentially reduce overshoot, but will give slower conversion.

The observed wavenumbersare entered in the Observed dialog in the Input menu. The modes
must be entered in decreasing order of wavenumber for each species. If amodeisnot observed, it
isgiven awavenumber of zero.

2) Least-Squar es- Thestep-by-step method (on modefrequencies) simply varieseach selected
force constant by the given increment until thereisno longer any improvement in the squared
deviations.

Parameters. The Fconlncrement issimply added and/or subtracted from the last value of each
force constant until thereisno improvement. If the Order isup-down theincrement will befirst
added, and if thereis no improvment the value of the force constant will revert to the origina and
the increment will be subtracted. 1f the order is down-up the process with start with subtraction.
It may be agood ideato refine from the original values oneway, then re-read thefile and try the
other way. The Endcriterion of earlier versionsisno longer used - the increment is added or
subtracted until either the sum of squaresincreases, or the Maximum changein each fconis
reached (thiscondition will be noted in the refinement output).

The step-by-step method does not require that the number of force constants be less than or equal
to the number of observations. Theforce constantswill be adjusted in the order giveninthe
Forcesmenu, or the ForcesList in thisdialog, and thus any redundant or correlated force
constants at the bottom of the list will tend to be adjusted less than those at the top. For example,
thereisastrong correl ation between polyhedron angles and the corresponding Urey-Bradley X-X
repulsion forces, and the order in the list dictates that angleswill berefined first. If itisdesired to
refine primarily onthe X-X forcesthe angles should be desel ected from refinement in preliminary
cycles.

Additional |sotope Configurations may be included using the | sotopes button.

3) Least-Squares- NRVSintensity. See Spectra \Window for details of NRV S spectra. This
uses the same step-by-step method of varying force constants as the step-by-step method on mode
frequencies, but the quantity minimizedisthe average sum of squared deviations between
calculated and observed NRV Sintensity for the specified wavelength limits.

Parameters. The Increment, M aximum change and Order are the same asfor Step-by-Step
(frequencies). The Low frequency limit and High frequency limit are the same asin the
NRV S Parameters dialog, where detailed parameters of the NRV S spectraare set.  The Refine
box determines whether the refinement is on isotopes using the spatial average spectra, or on
orientations using the baseisotope configuration (seethe NRV S Parameters dial og).

Theindividual NRV Sfrequencies used are those of the input data - frequency intervals can no
longer be set.

If the Usefrequency deviationsalso box is checked, the refinement will be on the sum of a) the
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average squared NRV Sintensity deviations, plus b) the average squared deviation of observed and
calculatedwavelengths:

Sum of squared deviations = F(nrvs) * sum[ Dev(nrvs)*2] / N(nrvs) + F(frequency) *
sum[ Dev(freg)*2] / N(freq)

Here the F factors are the Factor for NRV S deviations and the Factor for frequency
deviations. VIBRATZ storesthe NRV S spectrain units of cm-1 for frequency and cm
for intensity, so the Factor for NRV S deviations should be on the order of 1000 to get
resultsin the single-digit range - the factor for frequency deviations can be around 1.

Additional |sotope Configurations may be included using the | sotopes button.

Recommendations for |east-sgquares refinement on frequencies. For frequency refinement, the
step-by-step method, added to VIBRATZ after the analytical method had been in use for some
time, seemsto be much more powerful. Infact the analytical method may be dropped if it isnot
found to give better resultsin at least some cases. With either method |east-sgquares adjustment is
not likely to be successful unlessthe average deviation between cal culated and observed at the
start islessthan the average frequency difference between modesin each species- your model of
the forces must be essentially correct (see Theory and Implementation).

Errorsand Correlations

After Step-by-Step refinement, VIBRATZ can provide someinformation about thereliability of
the calculation. If the Do Errorsbox is checked, each fconis stepped away from the minimum
until thetotal deviation isincreased by the specified fraction.

If the Do correlations box is checked, to get the correlation between two fcons, onefconismoved
away fromitsvalue at the minimum and then the second fcon is adjusted to re-minimize the sum
of squared deviations.

These calculationsinvolve repeated complete sol utions of the normal equations, so they can be
very time-consuming.

3.2.1 Forces List

Dialog Box: ForcesList [Control window]

Thisdialog provides aquick way to change force constant values, or to add or remove them from
thelist of force constantswhich are being refined by least-squares.

Theforce constants arelisted 10 at atime - to see others, click on the Last 10 or Next 10 buttons.

To changethe specificationsfor individual force constants, as opposed to the value of theforce
constant, you must go to theindividual dialogsin the Forces menu.
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The numbers of the force constants correlate with the "Fcon" numbersin the Output and in the
dialog of the Forces menu. Thefour numbers under Type #s give someinformation about the
specificationsfor the force constant - if there are more than one specification for agiven force
constant, only thefirst islisted here. For bonds, 3-atom angles, tau angles, psi angles and Urey-
Bradley X-X bonds, the numbers are the atom types, exactly asin the specifications (dialogsin
the Forces menu). For Urey Bradley kappaforce constants, the numbers are 1) the number of the
U-B polyhedron specificationinthelist inthe Urey-Bradley Data dialog; 2) the coordination
number; 3) the type number of the central atom; and 4) the first type number for ligands (whichiis
oftentheonly one).

Note that when Urey-Bradley models 1) or 2) arein effect (seethe Urey-Bradley Data dialog),
polyhedrawith coordination number other than 4 or 6 do not use kappa. Thus such polyhedrawill
not have an entry for kappain thislist.

3.2.2 Mean Square Amplitude

Dialog Box: Mean Square Amplitude Determination [Control window]

Thisoptionisprimarily for usein EXAFS calculation. It will list the mean-square changesin
bond distancesto a specified atom (I nput atom number from thelist of Input Atoms. Usethe
number in thelist, not the atomic number), out to the specified M aximumdistance, and agiven
Temperaturein Kelvin. Screen out zero and dubious frequencies with the Minimum frequency
value.

Resultswill bein aseparate text window. Atomsarelisted by symmetry-equivalent groups, with
contributionsfrom each mode.

3.3 Spectra Window

Thiswindow displays synthetic spectra, either infrared (absorption downward) or Raman and
NRV S (scattering upward), or both. It appears or is refreshed after a calculation if the Spectra
Plot box is checked in the Control Window.

Seethecompletelist of Menu options

Individual modes are shown asvertical bars. The Parameter s button brings up the
Spectra Plot Parameters dialog, for setting of several parameterswhich influence the appearance
of the spectra.

The I soconfig (1sotope Configuration) spin control selectswhich isotope configurationisbeing
shown in thiswindow - the base configuration (no isotope substitutions) is number 1.

The Output combo box allowsfile or printed output (these options are also in the File menu for
thewindow). The Print Current option will print an image of the current spectra; the Print All
option will print al the polarized components (not the averages) in pairs, in the order listed in the
combo boxes. Sincethe Print option in the File menu printsdifferent things depending onwhich
window isactive (Output file Text window; Spectra; Atoms), using these buttonsinsuresthat the
Spectraimageis printed.
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For degenerate speciesonly one of the (identical) allowed componentsis present. Generally, x is
preferred over y and z, xx-yy over xy, and xz over xy and yz.

The Infrared and Raman combo boxes allow selection of average spectra, individual speciesand
polarization components, or no spectra.

For the Raman spatially averaged spectrum the upper curve representsthe parallel polar
orientation, and the lower curve the perpendicular polar orientation. Thelower curveissimply
obtained by multiplying the calcul ated Raman intensity of each mode by itsdepolarization ratio
(see Theory and Implementation).

The NRV S (nuclear resonant vibrational spectroscopy) spectrum tracksthe motions of certain
nuclei, especially 57Fe, which are subject to a certain kind of gamma-ray (or X-ray) absorption.
Asimplemented in VIBRATZ, an NRV S spectrum shows a peak for each vibrational modein
which the 57Fe atoms move, and theintensity is proportional to the fraction of kinetic energy in
theiron atoms. VIBRATZ identifiesiron atoms (assumed to be isotope 57) as any atomswith
type number 26 mod 100 (26, 126, 226...). The standard atom type number 26 has natural
atomic weight, so for very precise resultsthe weight of any atom typesinvolved should be
changed to 57. If an NRV S spectrum for any other isotope is necessary, that atom(s) can smply
be assigned type number 26 mod 100. Type number 26 should then be given the actual atomic
weight for thisisotope.

If the PED (potential energy distribution) box ischecked, thelowermost plot will show as many
asfour curves, each with the fractional contribution to the energy of modesfrom an FCON, or
group of FCONs. The color of each curve, and the FCONs which areincluded in each, are set
withthe Spectra Plot Parameters dialog, called with the Parameter < button. The curves may
represent raw fractions of the energy at each mode, or the weighted intensity for infrared, Raman
or NRVS, as selected with the M ode parameter in the Spectra Plot Parameters dialog.

The maximum positive fraction is printed out on the top line of alegend in the upper left of the
PED section of the window - this number may represent raw fractions of the energy at each mode,
or theweighted intensity for infrared, Raman or NRV S, as sel ected with the M ode parameter in
the Spectra Plot Parameters dialog. The second and successive linesgive in parenthesesthe
FCONswhich contribute to each curve.

3.4 Atoms Window

Thiswindow showsthe atomic structure with lines or vectors attached to each atom showing the
displacement in the selected vibrational mode. It appearsor isrefreshed after acalculation if the
AtomsPlot box ischecked in the Control Window.

Seethecompletelist of Menu options

Thedialog bar on theleft edge of the Atoms Window allows manipul ating the structureimagein
thewindow in several ways. For more elaborate ways of rotating the image, seethe dialogsin the
Rotation menu.
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At thetop of the dialog bar isasmall sketch of the current orientation of the original structure
axes. Thesearecalled a, b and ¢, which are equivalent to x, y and z for amolecule using a
Cartesian coordinate system. The letters are attached to the positive ends of the axes, and the end
of the axiswhich points out of the screen (towards the observer) isdrawn with aheavy line.

Below this are buttons for instantaneous rotation on the x, y and z Cartesian reference axes, from
top to bottom. The amount of rotation, in degrees, isgiven in the edit box below the buttons. The
default angle value can be set in the Basic Parameters dialog ( Setting menu).

Below thisisthe scale factor which is applied to atomic displacements. Thisfactor isapplied
only inthiswindow. Other factorswhich affect the magnitude of the atomic-motion vectorsare
set inthe Basic Parameters dialog (Setting menu). The displacements as printed in the Output
window, and as used to derive the spectral intensities, need to be small to satisfy the assumptions
of the calculations, so it isnormally necessary to supply alarge magnification factor in this Atoms
Window, on the order of 50-100.

The Replot button isneeded after changing the Scale or Par ameter s (below).

The Par ameter < button brings up the Atoms Plot Parameters dialog (Settings menu), for setting
several aspects of the appearance of the plot.

The Print button causes printing of the Atomsimage. Sincethe Print optioninthe File menu
prints different things depending on which window isactive (Output file Text window; Spectra;
Atoms), using thisbutton insuresthat the Atomsimageis printed.

The Mode button brings up adia og which allows selection of the particular mode whichisbeing
viewed. Thereisan automatic replot when the modeis changed.

Clicking on an atom in the window itself will bring up the Generated Atom Data dialog or if
atoms are superimposed, the Atoms at Cursor dialog. These dialogs give information about the
specificatom.

Cursor Mode radio buttons. In Atom I D (identification) mode, clicking ontheleft mouse button
will identify atoms- see Atoms at Cursor. The cursor in thismodeisacross. In Rotation mode,
clicking and dragging rotates the structure. The cursor inthismodeisacircular arrow. Clicking
and dragging in most of the window will rotate around the y and z Cartesian axes, in the plane of
the screen. Clicking and dragging near the | eft or upper edges will rotate about the z axis,
perpendicular to the screen.

The atomic motions shown in thiswindow are those of the main i sotope configuration, not any
other isotope configurations. To seewhich modesin isotope configurations correspond to these, it
may be necessary to refer to the"Main" column in the mode listsfor i sotope configurations near
the end of thetext output, since the order of modes may be different in different isotope
configurations.
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3.5 Text Windows
Seealso Output Window, Bonds (Coordination).

Thesewindows, which display results of calculationsin textual form, are standard text-edit
windows. Each displaysthe contents of atext file, whose nameisgiven in thetitle bar of the
window. Thetext may be changed, deleted and printed out, using the standard menu commands
for text editing.

Text windows have their own Menu Bar, containing File, Edit, Window and Help menus.

4 Menus

Not all menus are present in the menu bar for each type of window, and the contents of each
(especially the File menu) may vary - seetheindividual menusfor details.

File - Containsthe usual Open, Save, Print, etc. commands, aswell as commands for graphics
ouput (metafiles (Window) PICT files (Macintosh) and raster files).

Edit - In Text windows, has standard Cut, Copy, Paste and Select All items for manipulating
text.

Input - (Control only) Thisisfor input of basic structural parameters.
Forces - (Control only)For specification of the various types of bond and angleforce.

Settings - For setting basic operating parameters and aspects of the display in the Spectraand
AtomsWindows.

Rotation - (Atoms) Allows precise rotation and alignment of the structure image.
Window - Allows selection of the variouswindows, and selection of the font for Text windows.
Help - Allowsdirect accessto the Help system.

4.1 File Menu

The File menu appearsin the menu bar for all types of windows, but not all topics are present for
each window. Thetype of Window inwhich each topicispresent isgiven in parentheses.

New (Start-up, Control) - This starts a new data set, stepping through the dialogs of the
I nput menu, and optionally through those of the Forces menu.

Open (Start-up, Control) - Open an existing VIBRATZ file, either acurrent .VBR datafile, or
a.VIB filefromtheold VIBRAT program. Alsowill open.VBD text files giving output from
previousruns.

© 2016 Shape Software



22 VIBRATZ Help

Save (Control) - Savethe current data set.

Save As (Control) - Save with adifferent name.

Close (Atoms, Spectra, Text) - Close the current window.

Open Recent (Start-up, Control) - Allows Opening of recently-usedfiles.

Import File (Start-up, Control) - Import atomic coordinates and other parameters from avariety
of crystallographic and molecular filetypes.

Print (Spectra, Atoms, Text) - Printouts of varioustypes. What is printed depends on which
window isactive. When the Control Window isactive, thisitemisnot available. When the
Atoms Window is active, the structure imageis printed, when the Spectra Window is active, the
spectraare printed, and when atext window is active, that text is printed.

PrintPreview - Givesascreen preview of the printed page(s).
PageSetup - Setsparametersfor printout, such as number of copies and page size.
Calculate (Control) - Carries out a calculation, with output to the .VBD file aswell asto the

Output window (if selected inthe Control Window). Itisusually easier to use the Calculate
button in the Control Window.

Metafile [Windows| or PICT [Macintosh] (Atoms, Spectra) - Writes Windows metafiles,
including enhanced (32-bit) files, or Macintosh Pict files of the Spectra or AtomsWindow
images.

Raster File (Atoms, Spectra) - Writesraster or bitmap filesin .BMP, .PCX, .TIF or .PNG
format of the Spectra or Atoms Window images (.PNG only for Macintosh).

Save Screen (Atoms, Spectra) - Savesthe exact contents of the client area of the current window
(excluding borders, menus, etc.) to abitmap file, .bomp in the case of Windows or PICT in the case
of Macintosh, or places the bitmap image in the clipboard, from which it can be Copied to other
applications.

Exit/Quit - Quit VIBRATZ.
4.1.1 Import Data File

Dialog Box: Import File [Eilemenu or button in Startup or Control Window]

If there is adata set in memory which has been modified, you are asked if you want to
save the changes.

If there is more than one data set or phase in thefile, the Data Sets...in Import File dialog
will present you with alist. The name of the VIBRATZ datafile will be taken from the
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name of thefile, and thetitle (Title/Axes dialog in the Inputl Menu) will be taken from
the data set or phase. The extension .VBR will be appended to the structurefile.

File Extension. Thethree-letter extension (.xxx) whichidentifiesthefiletype may be
specified here - only files of that type will be showninthe Open File dialog. To show all
files, enter ".* "

Sour ce of symmetry (some formats lack this option). If you select Use positions as
Xyz, inwhich symmetry operators are given in the form of positionsin the general
equipoint asin the International Tables, the symmetry option (Inputl Menu) will be
Custom Symmetry. After import, you may need to check the Symmetry option to be
sure the centric/acentric choice and the Bravais lattice type are correct (some formats
include a center of inversion and/or lattice centerings in the operators and some do not).
If you select Space group symbol, the Space Group symmetry option will be used. The
Hall symbol, the Hermann-Maughin symbol, and then the International Tables number
will be used in that order if present. |If you select Use positions as xyz and the
information on Settingssis not present, the symmetry option will default to Space group
symbol. The H-M space-group symbol, Hall symbol, and space-group number are
alwaysread if present.

Get atom types from (some formats lack thisoption). VIBRATZ will try to assign an
atomic number to each input atom either from the first one or two characters of the atom
label itself, or from a separate atom type label if that is present. In diffraction refinement
fileformats, this separate atom type label typically identifies the scattering factor, and it it
isyour choice whether thisor the atom label (if either) will identify the element.

Import As crystal or molecule. For somefile types, such as CCDC, you can import the structure
aseither molecule(s) or acrystal. The molecule option may give all moleculesin the unit cell, not
just one.

Thefollowing types of file may beimported
----EREE-FORM (.INP) - Filesof thistype are read and written by ATOMS and

CRY SCON (Shape Software). This option can be used to import atomic coordinates
from almost any kind of text (ascii) file.

----CCDC FDAT - filesfrom the Cambridge Crystallographic Data Centre.
----SHEL X .INS - filesfrom the program system of Prof. G. Sheldrick.

----CIF - Crystalographic Information Files. Some CIF files (with filename extensions
.CIF) are"mmCIF" files, containing datafor molecules with atomic coordinates on
Cartesian axes. See below for possible conversion of these back to fractional crystal
coordinates.
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----DBWS/LHPM - Rietveld input files.

----1CSD - Inorganic Crystal Structure Database files.
----ORTEP - Origina or ORTEP Il atom information.
----XTLVIEW - Drawing program.

----ATOMS - Structure drawing program from Shape Software.

----PDB - Protein Data Bank files. Thesefiles give Cartesian atomic coordinates for
molecules, but may have the information required for transformation back to the original
fractional crystal coordinates - see below.

----RIETAN - Rietveld program files.

----GSAS - Datafiles (.EXP) from the Los Alamos Lab system - may include magnetic
vectors.

----AM MINERAL - Datafilesfrom the American Mineralogist structure data base.
----FULLPROF - All-purpose refinement program - may include magnetic vectors.

----RAVEL ATOMS - This program is not the same as ATOMS by Shape Software, but
isfor EXAFSAnalysis.

----WIENZ2K - The program package WIENZ2k performs electronic structure
calculations of solidsusing density functional theory (DFT). VIBRATZ will read the
struct input files, but will only recognize file extensions with three characters, so it may
be necessary to rename thefiles, search manually in the File Open dialog (enter * .struct)
or usethe"all files' option. Some files may have the space-group number and symbol,
but the orientation may be ambiguous and Use positions as xyz should normally be
selected in the Import File dialog.

---- | ZA (zeolites) - Filesfrom the International Zeolite Association database (www.iza-
structure.org/databases/).

---- GAUSSIAN .FCH or .LOG - Formatted checkpoint or log files from the
molecular-orbital program. Cartesian forces from this program can be converted to
valenceforces.

---- SIESTA - Filesfromthe DFT pr ogr an
(http://icmab. cat/| eem siestal/) Cartesianforcesfrom thisprogram can be
converted to valence forces.
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Importing PDB files and mmCIF filesas Crystals. In PDB files, VIBRATZ can usethe
information inthe SCALEN lines (Cartesian to crystal transformation matrix) and the
CRY ST1 lineto recover the fractional coordinates and space-group symmetry for the
original crystal. Insome casesthisinformation isnot present - if it is present you will be
asked if you want to input the data as a crystal instead of amolecule. Note that the
transformation matrix giveninthe SCALEN linesis sometimes not sufficiently precise
(because of limitation to 6 places after the decimal point) to recover the original unit-cell
parameters (asgiveninthe CRY ST1line) precisely. Thecell parametersusedin
VIBRATZ are those derived from the transformation matrix, not from the CRY ST1 line.
After importing, you should check the cell parametersin the Title/Axes dialog and
correct the crystal system - because of this problem the cell parameters are always
imported astriclinic.

mmCIF filesmay havethe sameinformation, whichinthesefilesisin
_atom_sites.fract_transf_matrix lines, and the importation procedure isthe same.

4.1.1.1 Data Sets, Phases or Crystals in Import File
Dialog Box: Data Sets, Phasesor Crystalsin Import File [Import dialogs, Filemenu]

If you import afile containing more than one structure this dialog alows you to select among
thosepresent.

There isamaximum of 50 data setsfor asinglefile; any beyond thislimit will beignored

41.1.2 Import Free-Form File
Import Free-Form (.inp) File [FEilemenu or button in Startup or Control Window]

See the Import File dialog for general aspects of importing atomic-structure datafiles.

Thistype of ASCII or text file may be used in either the |nput Atoms dialog in the Input
menu, or the the Import option in the File menu, to read in atomic coordinates alone, or
to supply complete structure information. Such files are written by the program

CRY SCON (Shape Software) which can be used to perform various types of
crystallographic conversions, such as sub/supercell, change of origin, change of
symmetry, etc. Listingsof atomic coordinates from almost any source can be used asthe
basisof afree-formfile.

All or part of the parameters for each input atom, namely label, fractional coordinates,
type, radius and display colors and pattern numbers, can beread in. Y ou can aso supply
default values for some parameters, so that the parameters neither need to be present on
every line of thefile, nor need to supplied through the dial og.

Except for the TITL line, keywords and actual valuesto be read in should be separated
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by spaces or commas, and there should be no spaces within keywords or values. Thereis
no need for alignment by column.

Theinput file may contain two overall types of lines; General and crystallographic
information lines; and actual data or atomic parameter lines.

General and crystallographic information lines. Theselines should all precede the
atomic parameter lines. Each line consists of akeyword followed by one or more values
or character constants. The keyword should start in the first column and be followed by
at least one space before the actual values. Where more than one valueis called for, they
are separated by spaces. All of theselines are optional - when afree-form fileis used for
import (File menu), if any lines are absent, default valueswill be supplied. When afree-
form fileisread through the Input Atoms dialog in the Input menu, current values are
kept if the corresponding line is absent.

TITL line. Up to 76 characters (may contain spaces).

CELL line. Theunit-cell lengthsin Angstroms and theinteraxial anglesin degrees (6
floating-point values). If the atomic coordinates are Cartesian, the axes should be 1.0 and
the angles 90.0.

SPGP line. The Hermann-Maughin or standard International symbol for the space group.
There should be no spacesin the symbol, although there may be underscores (which are
ignored when the symbol isinterpreted.

HALL line. The Hall symbol for the space group. There should be no spacesin the
symbol, although there may be underscores (which are ignored when the symbol is
interpreted. If thisline comes after the SPGP line (or that line is absent), the Hall symbol
will be used in the Space Group Symmetry option.

SYMM lines. These give symmetry operatorsin "xyz" form, that isin the formin which
the coordinates of the general position are listed in the International Tables for X-Ray
Crystallography. Fractions must be given asintegers separated by aslash ("1/2", "2/3"),
rather than decimals ("0.5", "0.333"). Thex, y and z positions must be separated by
commas and there should be no spaces in the operator. There should be one line for each
operator. If the space group is centrosymmetric, only half the operators need be given, if
the originison acenter of inversion. If the originisnot on acenter, all operators must
be given and the space group should be denoted non-centricinthe LATT line. If these
lines come after the SPGP and HALL lines (if present), the Custom Symmetry option will
be used.

LATT line. Thisgivesthe Bravais|atticetype (single capital character), followed by a
space and O if the space group is centrosymmetric or 1 if it is non-centric.
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FACTOR line. A single(floating-point) factor which multipliesall the fractional or
atomic coordinates.

Atomic parameter lines:

Thefile should have all the information for each atom, except for temperature factors, on
asingle line with amaximum of 80 characters per line, and the values must bein fields,
which are set off or delineated with either spaces or commas. There can be no spaces or
commaswithin fields. The names of fieldsare given in thefollowing in capitals, but inthe
actual input they may be lower case; al letters are converted to upper case when the line
isreadin.

DEFAULT lines supply valuesto the parameters, such as colors, which arenot read in
for each atom. If default values are not entered in thisway, default values are obtained
from the separate ELEMENTSfile, using the chemica symbol of the atom whichis
assumed to be in the first two characters of the atom label. See the further description of
DEFAULT linesand the ELEMENTSfile below.

FIELDSIlines. Theselinesset up the ATOMS input parameters which are to be read
from the file, and the order in which they areto beread.. Thisisfollowed by the
keywords giving the order of thefields. The allowed keywords are asfollows (INTEGER
fields may not contain adecimal point) - some of these fields are not used by VIBRATZ,
but are given here in case they are seen in afile written by another program:

1) LAB - (6 characters maximum). Any label for the input atom may be used, but the
label normally beginswith the chemical symbol for the element. Thefirst two characters
may be used to determine default values for some of the parameters, as described below.
The characters may be upper or lower case, but they are all converted to upper case after
input. Thisisarequired field.

2) COO - Thisactually denotesthree floating-point fields giving the fractional atomic
coordinates for crystals, or the absolute coordinates for molecules. After input, the
coordinates are multiplied by the number inthe FACTOR line, if thislineis present.
These arerequired fields.

3) TYP - Thisisthetypewhichisused in force specifications - normally the atomic
number. INTEGER

4) RAD - Thisisthe radius used when the atom is plotted as a sphere. FLOATING-
POINT ***|GNORED inVIBRATZ

5) RMC - Thisisthe color for the atom rim or edge, in terms of three RGB components
0-255. 3INTEGERS ***IGNORED in VIBRATZ
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6) FLC - Thisisthe color for the atom fill, in terms of three RGB components 0-255. 3
INTEGERS ***IGNORED in VIBRATZ

7) RMP - Thisisthe pattern number or gray shade used in black-and-white display or
output. This number isused only for widelines. INTEGER ***IGNORED in VIBRATZ

8) FLP - Thisisthe b/w pattern number for fills. Thisisused only if shading is off or the
initial pattern number optionison. INTEGER ***IGNORED in VIBRATZ

9) PEN - Thisisthe pen number used for atom outlinesin pen plots. INTEGER
***|GNORED in VIBRATZ

10) TFB - Temperature factorsin B or bij (beta) form, types O (anisotropic) or 6
(isotropic) in ORTEP. If this keyword is present, the temperature factor(s) are present
on asecond line for each atom, in up to six fields The order is 11, 22, 33, 12, 13, 23. If
the second value is absent or zero, the temperature factor will be read asisotropic. Note
that ATOM S will save temperature factors only if at least one atom has non-zero for the
first value or b11. ***IGNORED in VIBRATZ

11) TFU - Temperature factorsin U or uij form, for anisotropic type 8 in ORTEP.
Similar to TFB. Isotropic U values will be converted to B values (type 6 in ORTEP).
***|GNORED in VIBRATZ

12) VEC - Atomic vectors, e.g. for magnetic spins or vibrational displacements. If this
keyword is present, the vector coefficients are present on asecond line, in four fields.
Thefirst three are the relative componentsin the structure axes, and the fourth is the
length. V ectors and temperature factors may not both be present. ***IGNORED in
VIBRATZ

13) DUM - Thisdesignates afield (character, integer or floating-point) that existsin the
input data line, but should be ignored by ATOMS.

Note that the actual atom data lines do not contain any keywords. The keywordsin the
FIELDS lines set up the sequence of parametersin each dataline.

AnexampleFIELDSline:
FIELDSDUM LAB COOTYPRAD
Some corresponding datalines:

1 C10.1234 0.2345 0.3456 6 1.2
2H20.4321 0.5432 0.65431 0.1
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Herethefirst field, which is ssmply a sequence number, must beignored by ATOMS, and
isdesignated withaDUM. Thelast field, RAD, isnot used in VIBRATZ - atomic radius
isfixed for each atomic type (not for each input atom) and specified in the Atom Types
diaog.

Hereisan example of somelines copied from an (old) ATOMS.STR file (spinel):
FIELDSDUM LAB TYP COO RAD

1 MG1 12.12500 .12500 .12500 .000

2 AL2 13.50000 .50000 .50000 .000

3 O3 8.26200 .26200 .26200 .000

There should normally be aFIEL DS line at the beginning of the atomic parameter lines,
but additional FIELDS lines can be inserted at any point to redefine the fields. If thereis
no FIELDSIline, thefields are by default; LAB and COO.

In the actual datalines, fields denoted INTEGER above should not be more than 6
characters; the COO and RAD fields (floating-point) should not be more than 20
characters.

DEFAULT line. Thisisused to set particular default values for fields other than LAB or
COO. DEFAULT must bethefirst 7 characters. Then the default values are indicated
with the name of the field connected with an equals sign (with no intervening spaces) to
an appropriate value. Example default line:

DEFAULT TYP=1 RAD=0.95FLC=15

ELEMENTS.DAT file. Thisfile, inthe VIBRATZ folder, givesthe default valuesfor
atom types as shown in the Atom Types dialog. These are used for import, or when
defaults are selected in the Atom Types dialog. Thefirst field in each lineisthe atomic
number or other designated type number. The second field consisting of one or two
characters, isusually the normal elemental symbol. Theremaining fields givethe default
valuesfor theradius, color (R, G and B values 0-255), adummy (not used), weight and
charge.

4.1.1.3 Import ICSD File

Dialog Box: Import ICSD File [FEilemenu or buttonin Startup or Control
Window]

Thisimportsfiles from the Inorganic Crystal Structure Database. Four typesof ICSD file are
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supported, classified according to source:

1) Filesfrom the current CD-ROM database, accessed by the program RETRIEVE. The
RETRIEVE files must be written from the DATA window using the PRINT option, not as export
files(if thereis sufficient demand, export files may be supported). That is, thefile should bea
copy of what is shown on the screen in the RETRIEV E program.

2) Filesfrom the Canadian Scientific Numeric Database System (CAN/SND). This service may

no longer be available. Thefilesarereferred to as CRY STIN, but are different from original 3)
CRYSTIN files.

3) Original CRY STIN files, available from the Netherlands CAOS information system, from
ETH (Switzerland) and perhaps other sources.

4) Filesfromthethe |CSD World Wide Web site (barns.ill.fr/dif/icsd/).

In CAN/SND files, VIBRATZ will usethe"NA:" linefor thetitle; in RETRIEVE and origina
CRYSTIN files, VIBRATZ will usethefirst "MINR" lineif present, otherwiseit will usethe
"NAME" line.

VIBRATZ distinguishes among the four different file types by reading part of the main title or
"Collection” line, which givesthe | CSD index number:

1) RETRIEVE- " COL Collection Code"

2) CANSND - "ID: "
3) ORIGINAL - " **** COLLECTION CODE COL="
4) WWW - " COL ICSD Collection Code "

In each case the index number followsthe above excerpt. Notethat in all file types except
CANSND thereisalways ablank character in the first column.

Please contact Shape Softwareif you have | CSD files which cannot be read by one of these
options. The best procedure isto send samples of thefiles by email or on afloppy diskette.

If thereis morethan one data set in afile, the Data Sets...in Import File dialog will appear, and
you can select the data set. Each linewill show the sequence number in thefile, the ICSD
number, and thefirst 24 character of thetitle as selected above. A maximum of 50 data sets can
belistedineachfile.

Symmetry for RETRIEVE. Thecrystal symmetry can be taken from the SGR line, which has
the space-group symbol -thiswill result in the Space-Group Symmetry option; or from SYM
lines, each of which contains one equivalent position or symmetry operator in xyz notation - this
will result inthe Custom Symmetry option. For consistency it is best to use the symbol from the
SGRine, but if this givesincorrect results because of anon-standard orientation, try selecting
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SYM lines. Thesymbol inthefilehas"S" added to the end for non-standard settings (i.e. origin
not on acenter of inversion), and in thiscase VIBRATZ automatically usesthe equivalent
positions, leaving the"S" on the end of the symbol. Thus manual selection of the equivalent-
position option may seldom if ever be needed.

If thereis more than one atom at asingle position, only the first will be read in - occupancy
factorsareignored.

4.1.1.4 Import GAUSSIAN File

Dialog Box: Import GAUSSIAN File [Eilemenu or button in Startup or Control
Window]

Thiswill import either aGAUSSIAN log (.log) file or aformatted checkfile (.fch or .fchk),
obtaining the atomic coordinates and the Cartesian force matrix. VIBRATZ will convert theforce
matrix from Hartrees/Bohr*2 to md/A and write afile named infile.car if the GAUSSIAN fileis
infile.fch or infile.log and will be set up to use Cartesian forcesin thisfile.

Recent versions of GAUSSIAN can write therequired information to alog file - the sections
which CRY SCON requires are headed "Input orientation:" and " Force constantsin Cartesian
coordinates:". For older GAUSSIAN version it may be necessary to use aformatted checkfile -
therequired sectionsare " Current cartesian coordinates" and " Cartesian Force Constants'

It isassumed that no symmetry isbeing used by GAUSSIAN, and that all atoms are present in the
input list, even if some are equivalent by symmetry - you can convert to a calculation using
symmetry after the conversionismade (see below).

Thefollowing procedure can be used to import aGAUSSIAN or other molecular-orbital output
fileand convert theforcesto valence force constants.

1) If some other type of molecular-orbital output fileisbeing imported (not among the
VIBRATZ-supported types), you can probably import the atomic coordinates using the Free-Form
import option (cut-and-paste the coordinate section into aseparate .inpfile). If the Cartesian
forcematrix isin lower-diagonal form, it will probably be usable without modification (cut-and-
paste into a separate text file with the .car extension). If the unitsare not md/A, it may be
necessary to use a scale factor in the Cartesian Forces dialog.

2) If you have some observed frequencies, you can refine the Cartesian scale factor which
appearsin the Cartesian Forces dialog (Forces menu). To do this, just select any of the least-
squares options and hit the Calcul ate button in the Control Window. (while Use Cartesian forces
isselected inthe Cartesian Forces dialog).

3) You must set up acompletevalenceforcefield (Urey-Bradley forces are not currently
supported for the conversion) in the other dialogs of the Forces menu. Y ou may be ableto import
part or all of these force specifications using the Read Force File option in the Forces menu - the
file must have been previously written by VIBRATZ for the same or asimilar structure. The
force constant values may be zero or dummies - they are not used in the conversion. However, it
isbest to insert nominal values, then do a calculation using these valence forces to make sure that
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thereare no zero frequencies, i.e. that the forces are compl ete.

Itistheoretically possibleto use the bonds and anglesin a z-maitrix to describe the forcesin any
molecule, sincethey constitute acomplete geometric description. The specificationscan be
enteredwiththe Manual Bonds, Manual Angles and Manual Tau dialogsin the Forces menu. In
general, however, the z-matrix isapoor description because it usestorsional forcesin place of 3-
atom angles or even bonds (in cyclic molecules or partsthereof), and thetorsion angles are not
alwaysvalence angles (thelegs are not bonds), and because dummy atoms are sometimes used.
That is, az-matrix isusually not agood chemical description of amolecule.

4) Now select Convert Cartesian to Internal inthe Forces menu. Theresults (new force
constants) of aspecial calculation will be shown in the Output Window, and at your option the old
or dummy valenceforce constantswill be replaced with the new values derived from the Cartesian
matrix.

5) Changethe setting in the Cartesian Forces dialog, accessed either from the Control Window or
from the Forces menu, to non-Cartesian forces. Now a Calculation (Control Window) will use
thenew valenceforces.

6) If desired, you can change the Symmetry (Input menu), that is use some point- or space-group
rather than no symmetry. Thiswill usually involve del eting some symmetry-equival ent input
atoms, and possibly a change of orientation, both of which can be donein the |nput Atoms dialog
(Input menu). If you have used some Manual Forces it may be necessary to change atom
numbersinthese specifications.

Thereisatutorial for importing GAUSSIAN filesin thefolder GAUSSIAN. Theexplanationis
inthefile Gaussian_import.txt.

4.1.1.5 Import IZA file
Import 1 ZA (International Zeolite Association) File [File menu]

See the Import File dialog for general aspects of importing atomic-structure datafiles.

The IZA has an extensive database of natural and synthetic zeolites available on the WWWeb,
but does not seem to have an option for export of the data - it will be necessary to cut-and-paste
the information into a text file.

Go to the Web page for the Database:

http://www.iza-structure.org/databases/

and select "Collection of Simulated XRD Powder Patternsfor Zeolites". Thisshould
show amatrix of structure types by three-letter code - select one of these. Y ou can also
access structures in other ways, but you need to end up on a page showing options for X-
ray powder diffraction together with the structure data. There should be linesfor
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"Material name" ..."Composition:" ... "Crystal Data:" and others, with the fractional
coordinates for the atomsin atable.

Mark the top right part of the page with your mouse, starting with the three-letter code
centered at the top, and going below the atomic-coordinates table. Do not include the
"Reset" and " Submit" buttons and material below thisline. Do not include the column of
options on the | eft of the page. Copy the marked information into the clipboard in the
standard way.

Now, in aword processor, open anew text (ascii) file. Paste the clipboard contentsinto
thefile. Savethefile, givingita".iza" extension if possible. Hereisasample (or look in
the ZEOLITES subfolder for sample .izafiles):

LAU

Material name: Launontite

Conposi tion: | Ca4(H20) 18| [Si 16Al 8)I48]

Refined conposition: | Ca4(H20) 18| [Si 16Al 8]48]

Crystal data: Space group: Cl2/nil (# 12)
a= 14.8538 A b 13.1695 A ¢ = 7.5421 A

al pha = 90° beta 110. 323° gamma = 90°

X-ray Rietveld refinenent, Rwp=0.115, Rp=0.090, RF2=0.046
Comment: unique axis b, cell choice 1
Ref erence: Artioli, G and Stahl, K
Zeolites, 17, 249-255, (1993)

At omi c coordi nates Atom nanme Form factor x y z PP B(iso)

CA Ca 0.2601 0.5 0.737 1.0 3.

SI1 Si 0.2368 0.3838 0.156 1.

SI2 Si 0.0763 0.3834 0.325 1.

AL1 Al 0.1315 0.3080 0.737 1.

260 0.5 0.219 1.0 0.7

2084 0.3744 0.919 1.0 1.

1384 0.3838 0.552 1.0 O.

146 0.3454 0.203 1.0 2.9

3205 0.3185 0.248 1.0 0.
043 0.5 0.267 1.0 0.71

013 0.3083 0.743 1.0 2.

-(H20 0.029 0.171 0.0

026

5 0.

9

3
.45
-(H20 0.401 0.5 0.02 .92
-(H2O 0.5 0.467 0. 6
-(

H2O) 0.1426 0.129 0.332 1.0 4.03
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4.1.1.6 Import SIESTA File
Dialog Box: Import SIESTA File [ Eile menu or button in Startup or Control Window]
The SIESTA DFT program can be used to calcul ate interatomic forces for both molecules and

crystals, and the output in the form of a Cartesian force-constant matrix can beread into
VIBRATZ. Theseforcesin turn can be converted to valence forces (bond and angle force
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constants), which can be refined by least-squaresto improve agreement of cal culated with
observed frequencies. The VIBRATZ calculation can use the full symmetry to separate the
vibrationsinto symmetry species, and the valence forces can easily betransferred to similar
compounds.

Setup in VIBRATZ and export to SIESTA. Because the Cartesian forces must refer to a
specific orientation aswell as order of the atomsit isusually best to follow acertain procedure if
acrystal to be calculated or if symmetry isto be used for amolecule. First the calculation should
beset upin VIBRATZ. Thefull symmetry should be used, since that usually dictatesthe
orientation of the molecule or crystal with respect to the Cartesian axes. It isnot absolutely
necessary to supply valence-force specificationsat this point, since the orientation can be checked
and the symmetry analysis carried out without forces, but if it isintended to convert Cartesian to
valenceforcesit will be necessary to do avalence calculation at sometimeto verify that the
specificationsare correct.

Onceacalculation hasbeen donein VIBRATZ, select Export datafor SIESTA in the For ces
menu. Thiswill write acomplete .fdf input file for the SIESTA program; its name by default is
myfile_siestafdf if the VIBRATZ datafileis myfile.vbr. The dialog asksfor the number of extra
unit cellsin each axisdirection; thisisfor possible later use of the SIESTA resultsin
VIBRATOR. If youintend to import the SIESTA resultsback into VIBRATZ, set all theseto
zero; then all theatomsin the primitive unit cell, and only those atoms (not those in a supercell)
will begiveninthe.fdf file. The part which dealswith calculation parametersfor SIESTA gives
only rudimentary parameters and may need to be modified to give good results. The system |abel
within the .fdf fileissimply the name of the VIBRATZ .vbr fileplus"_siesta’. Most files
generated by SIESTA will usethisfor afile name.

SIESTA isaFortran Program and isrun in command-line mode, not in awindow. The command
line

siesta < myfile_siestafdf

will execute the data, but atomic-potential filesfor each of the input atom types must also be
present (not supplied by VIBRATZ).

Importing SIESTA filesinto VIBRATZ. Having compl eted the above, the results can now be
imported back into VIBRATZ. The SIESTA output fileswhich are used by VIBRATZ are
myfile_siesta. XV, which givesthe crystal axes and atomic coordinates (in bohrs) and
myfile_siesta.FC, which givesthe valuesfor the Cartesian force matrix. In VIBRATZ, select
Import and choose SIESTA XV filetype. If importing datafor acrystal, check all the Lattice
trandation boxesand if importing datafor amolecul e check none - these settings should be the
same asthoseintheoriginal VIBRATZ file. The Read Cartesian forcematrix box must be
checked toimport forces.

Now you will be asked to locatethe . XV and .FC files. Thedatainthe .FCfileisconvertedinto a
VIBRATZ .car file, whichisin asomewhat different format (lower diagonal) with adifferent
scaling from the .FC file (md/A instead of mv/A).
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Now the data should be set up for aVIBRATZ calculation using Cartesian forces. Sincethereis
no symmetry all thevibrationswill beinthe A species.

When you import SIESTA filesinthisway, VIBRATZ operatesin aspecial fixed-orientation
mode, in which the structure coordinate axes remain in exactly the same orientation asin the
SIESTA calculation, instead of the standard VIBRATZ orientation (c parallel to z, bin they-z
plane, except for rhombohedral crystals). Any pre-calculation Rotations (Input menu) are not
applied. Thisisto guarantee that the orientation is correct for the Cartesian forces. If you have set
up the .fdf file as described above the orientation should be the same; after thefirst calculation it
should be verified that the orientation of axes and locations of al atoms are the same asin the
original VIBRATZ calculation. The presence of the specia fixed-orientation modeisindicatedin
the Title/Axesdialogin the Input menu. It may beremoved there. Actually any files generated by
SIESTA may beimported, even without the setup described above, but the orientation may not be
appropriate for acalculationin full symmetry.

If the valence forces (For ces menu) have been set up you can just select Convert Cartesianto
internal in the For ces menu to convert forces from Cartesian to bond and angleforces. The
number of valenceforces must not belarger than the number of independent vibrations, otherwise
the conversion isambiguous (it is done by least-squares). If you get unreasonably large and/or
negative values, you should eliminate one or moreforce-constant specifications, presumably the
weakest first, although this depends on geometry.

To calculate using the new valenceforces, select the Set File button in the Cartesian for ces group
inthe Control Window and choose "Do not use Cartesian forces". Y ou can restore the origina
full symmetry inthisfile, but it will al so be necessary to delete non-symmetry-unigque input atoms.
Thefixed-orientation mode can be de-selected inthe Input/Title-Axes dialog. It may be easier
however, depending on how many symmetry-unique atomsthere are, towriteaforcesfile (For ces
menu) and then read thisfileinto the original full-symmetry data set. Thiscan be done evenif the
orientation in the SIESTA filewas different fromthat in VIBRATZ. Y ou can also use the
Cartesian force file (myfile-siesta.car) in thisdata set if the orientations were the same.

4.1.2 Print Graphics Image
Dialog Box: Print GraphicsImage [File M enu]

Thisdialogisshownwhen either the Atoms or Spectra Window is active; when aText window is
active, thereisonly astandard system printer dialog (next paragraph).

If the Standard printer dialogon OK box ischecked, the Print dialog supplied by the operating
system or the printer driver comes up after you click OK. Usethat dialog to set the number of
copiesor theresolution. The orientation (portrait or landscape) is set in the Print Setup dialogin
the File menu.

If you have acolor printer, you may need to make a choice between color and black-and-white
printing in one of the printer dialogs aswell aswith the Color printing checkbox inthisdialog.
This choice may be an option in the standard printer dialog above, or you may need to set in the
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Print Setup option in the File menu. Background appliesonly to color printing; for black-and-
white printing the background isalwayswhite.

See Frames for details of the frame and frame units.

Resolutions. Thelist box at the bottom of the dialog should show the currently-available
resolutionsfor your printer. The unitsare pixelsper inch. Generally, the highest resolution
should bechosen.

4.1.3 Page Setup

This allows Setting of the paper type or size, the standard orientation (portrait or
landscape) and the paper margins (except Macintosh). Marginswill only beused in
Text Windows.

---Macintosh only ------

Use the Page Marqgins dialog to set margins.

4.1.4 Page Margins

----- Macintosh only----

This dialog sets the margins for Text Windows. Use the Page Setup dialog to choose page
size and orientation.

4.1.5 Raster (Bitmap) Files
Dialog Box: Raster (Bitmap) Files [File Menu]

Thisdialog can be called from the File menu when either the Spectra window or the Atoms
window is active, and the image which goesinto the raster file can thus be either the spectrum or
the atoms plot.

Windows/Linuxonly ---------------------

Thiscommand can writefilesin four different formats (Filetype): Windowsdevice-independent
format (.BMP); PC-Paintbrush (.PCX); Tag-image-format (.TIF); or Portable Network Graphics
(.PNG).

Macintoshonly --------------------

This option writes raster filein the Portable Network Graphics (.PNG) format. Bitmap files can
alternatively bewritteninthe PICT File format.
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The drawing may be either black and white or color. If black and white, the pixel size is 1-bit.
For color filesthe pixel sizeisbased on the current screen; 4-bit for standard VGA or other 4-bit
display, 8-bit for 256-color display, and 24-bit for 16- or 24-bit display.

Theimageswill look much the same as a screen image, except that for black-and-whitefiles gray
shades are always rendered as dot patterns.

If the Compr ess box ischecked, . TIF filesare compressed with run-length encoding, whichisone
of the required formats under the TIFF 6.0 standard. However, some applications may not
support thistype of compression, or may reject TIF filesfor other reasons. Also, if the Compress
box is checked, 4- and 8-bit BMP filesare compressed. 1-bit and 24- bit .BMPfilesare never
compressed. Owing to a system bug, compression of 4-bit .BMP files may not work when
banding isused (see below). PCX files are aways compressed with their own format. For most
purposes, PCX files arethe best choice. 24-bit .PCX files can compresswell, whereas 24-bit
.TIFfilesare only partially compressed (and then only if there are large areas of black, white or
grey), and 24-bit . BMP files are not compressed at all. If applications claim to support .PCX,
they will almost surely read fileswritten by VIBRATZ, whereas complete support for . TIFfilesis
lesscertain.

See Frames for details of the frame and frame units.

Maximummemory. Windows and Mac operating systems both use virtual memory, which
means that they pretends that a hard disk can be used in place of actual hardware memory chips.
For some applicationsthisis useful, but when writing raster filesit often resultsin "disk
thrashing", or constant reading and writing of datato the hard disk.

VIBRATZ iscapable of imaging and writing raster filesin segments or bandsto avoid this
problem. Thisrequires repeating the entire drawing process for each band, but thisusually is
much faster than the reading/writing to disk involved in using virtual memory. To do thisrequires
knowing how much actual chip memory isavailable. Unfortunately, at present the operating
system does not provide thisinformation in ausable form. Thusthe user may need to determine
thisby trial and error using the M aximum memory parameter.

Whenthe Maximummemory parameter is set to zero, VIBRATZ will simply ask the system for
ablock of memory large enough to image the entire drawing at once. Thisamount of memory is
printed out in the dialog which appears after starting the raster imaging: "nnnn bytesrequired,
mmmm bytes available - will require 1 bands’. If thisamount of memory is greater than the
amount of chip memory available, the system will usevirtual memory, whichistypicaly
manifested by constant running of the hard disk for long periods. If you change the Maximum
memory to some amount smaller than nnnn (say half), VIBRATZ will only request thisamount of
memory from the system, and virtual memory may not comeinto play. A Maximummemory
Setting should be good for agiven session, regardless of the size of theraster file; larger fileswill
use more bands. However, the amount of memory available may depend on whether other
applicationsare active.
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The amount of virtual memory is determined by the available space on the hard disk. If thisis
insufficient, VIBRATZ will automatically use bands, but sincevirtual memory isbeing used, it
may still be advantageous to use a M aximummemory value which will increase the number of
bands.

4.1.6 Metafiles (Windows)
Dialog Box: Metafiles[Windowsonly] [File M enu]

Thisdialog can be called from the File menu when either the Spectra window or the Atoms
window is active, and the image which goesinto the metafile can thus be either the spectraor the
atomsplot.

Windows metafiles are basically vector images (but including fills) that can berescaled
without necessarily losing resolution. They record the drawing commands that are used
for the screen or standard printer output, but the result may depend on the software or
devicefor which they areintended. A metafileimage may either be saved in the
Clipboard, to be Pasted into another application, or written to afile.

VIBRATZ can writethree types of metafiles. The original or Standar d metafileformat
has proven inadequate for transmitting scaling information, and many applications do not
even accept Standard metafiles. Placeable metafiles, aformat which was originated by
Aldus Corporation, contain scaling information in an additional header. The standard and
placeable metafiles have the WMF extension. WMF or standard files are 16-bit format,
i.e. use 2-byte integers. Enhanced metafilesare 32-bit format fileswhich also contain
scaling information. They arethe preferred type of metafile for use in 32-bit Windows
systems (Windows NT or Windows 95), but cannot be used in standard 16-bit Windows
3.1or Win32s.

Original (16-bit or WMF) metafiles can be written with either of two Scaling M odes;

I sotropic or Anisotropic. Isotropic supposedly keeps the same proportions. Generally,
Isotropic isthe best asit allows rescaling while preserving proportions. However, some
applicationsonly accept Anisotropic files, and some ignore the scaling mode completely.

When writing to afile, to prevent loss of resolution, VIBRATZ uses a standard scaling of
2540 dots or pixels per inch (1000/cm). However, some drawing applications may not
read the scaling correctly (assuming 72 dpi) and it may be necessary to rescale the
drawing after importation.

When writing to the clipboard, VIBRATZ uses the current screen resolution, which
usually isabout 92 dpi. Thisisbecause most drawing applications assume screen
resolution or 72 dpi. The clipboard image can be either 16-bit (.wmf) or 32-bit (.emf)
according to the setting of the Type option.
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See Frames for details of the frame and frame units.

Limitations of Metafiles. Asdesigned and implemented by Microsoft, the metafile allows
recording of all Windows drawing commands, so that afile image can be acopy of what
is shown on the screen but rescalable. Unfortunately non-Microsoft drawing applications
(e.g. Corel Draw, Adobe I llustrator) sometimesimplement metafilesincompletely or
incorrectly so that there are some limitations in metafiles written by this option, in order
to allow them to work in as many applications as possible. It many be necessary to try
many combinations of settings (Destination, Scaling mode, Type of file) to get
satisfactory resultsin an importing program.

1) Resolution for the clipboard is now that of the screen, typically 72-96 dots-per-inch
(dpi) - earlier versions of VIBRATZ used 2540 dpi. The lower resolution should not
cause problems except for very complex drawings - if adrawing looks good on the
screen, it should look good in adocument. If the clipboard is unsatisfactory use afile.

2) Bitmap patternsfor black-and-white images cannot be used. Fillsare transmitted as
gray shadeswhich are interpreted by the importing application and/or printer.

3) A background is always present, to insure correct scaling. With some care, this
drawing element may be removed inimporting applications.

4) Thereisno clipping of theimage, although some importing applications may use the
drawing framefor clipping.

5) Transmission of theimagein Corel Draw with the Clipboard may require use of
Edit/Paste Special rather than asimple Paste.

6) Adobe Illustrator generally does not do well with labels - is may be necessary to use
an EPSfilefor Adobe Illustrator. Label backgrounds may not be transmitted in other
applications.

If ametafileisnot satisfactory, araster file can be used. PNG raster files are often
smaller than metafiles, especially for complex drawings. Also, many drawing programs
now support import of EPS (Direct PostScript) files. EPSisusually the preferred type of
filefor Adobe Illustrator.

4.1.7 PICT Files (Macintosh)
Dialog Box: PICT Files[Macintosh only] [File Menu]

Thisdialog can be called from the File menu when either the Spectra window or the Atoms
window is active, and theimage which goesinto the PICT file can thus be either the spectraor the
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atomsplot.

This option can write images either to the Clipboard or to PICT files, in either of two formats: (a)
arescalable 2-dimensional Picture, or (b) araster image or bitmap.

Macintosh Pictures, as used here, areimages containing lines or vectors and fills of regions
defined by lines, that can be rescaled without necessarily losing resolution. They record the
drawing commands that are used for the screen or standard printer output, but the result may
depend on the software or device in which they are used.

Bitmaps or raster imagesrecord every pixel, so they are not susceptible to undesirable
modification by other software. Although most "painting” software can resize bitmaps, this
usually causes aloss of quality, so it isbest to save abitmap in exactly the desired size. Note that
you can aso save bitmapsin the PNG file format (File menu), which is superior is some respects
to PICT files.

If color output is selected, the pixel depth of bitmaps will be the same as the current screen.

Y ou can select the nominal dots per inch/centimeter, but note that programswhich read thefile
may ignore this and show theimage at 72 dots per inch.

Backgroundcolor. If thisoptionison, the color selected in the Atoms Plot Parameters dialog
(Settings menu) will be applied in color output only. Background in b/w output isalwayswhite.

See Frames for details of the frame and frame units.

4.1.8 PostScript Output
Dialog Box: Postscript Output [ File menu]

PostScript printing is standard in Linux, so for non-3D output, including diffraction
diagrams, printing is routed to this dialog, not the Print Graphics command in the
File menu. Output can be directly to the printer or to an EPSfile, as for Windows
(below).

---- Windowsonly ----

This option can be used to write Encapsul ated Postscript (EPS) files for transmission of
graphics to other software, aswell as for direct output to a Postscript printer. This direct
output is generally superior to, aswell as faster than, the output from the normal

Print Graphics command in the File menu if your printer is PostScript. The Destination
option sends output either directly to aprinter or to afilein standard EPS (Encapsul ated
Postscript V3.0) format.
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Screen Preview.

Most word-processing and publishing software cannot display an EPSfile on the screen
unlessthefile hasaspecial bitmap attached, called the screen preview. Thisisactually a
sub-filein the TIFF format. The pixel depth of thisfile can be set in the

PostScript Settings dialog (Settings button). The pixel depth of the preview is set to that
of the screen, and the pattern seriesis set to fine (see Raster Files).

---- Macintosh only ----

This option can only be used to write Encapsul ated Postscript (EPS) files for transmission
of graphicsto other software. For direct output to a Postscript printer, use the

Print Graphics option.
Screen Preview.

Most word-processing and publishing software cannot display an EPSfile on the screen
unlessthefile hasaspecial attachment, called the screen preview. Thisisactualy aPICT
in the resource fork of thefile.

---- End Linux/Windows/Macintosh only ----
Settings button (PostScript Settings dialog). On or before first using the Dir ect

PostScript Output command, you should set or verify the settingsin thisdialog,
especially the port to which the printer is attached.

Fonts in PostScript output. Currently VIBRATZ usesthe Times-Roman typeface for all
PostScript output (Atoms or Spectra Window).

See Frames for details of the frame and frame units.

4.1.8.1 PostScript Settings
Dialog Box: PostScript Settings [ Postscript Output Dialog]

The page size, page margins and dots per inch/centimeter should be determined by the
actual printer used for final output; if these are not correct, the drawing may not be scaled
and/or placed on the page correctly.

The Transfer Function is analogous to the PostScript function of the same name. The
linear option is standard; modify the function to get lighter or darker shadingin
PostScript print-out.
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Preview Color. If you select a screen preview (TIFF bitmap or PICT sub-file) in the
PostScript Output dialog, and if color output is selected, you can specify either a color
or black-and-white bitmap. The Screen option uses the color depth of the the current
screen display. Black-and-white PostScript output always uses a 1-bit or black-and-white
screen preview.

Background color. If thisoption ison, the gray background will be applied in color
output only. Background in b/w output is aways white.

---- Windows only ----

If you are using direct output to a printer you must select the Port; thiswill be either
"LPTn" or "COMN". Also, if you are using a serial port for the printer, you must set or
verify the data transmission parameters, such as baud, parity, etc., even if the port
currently shown isthe correct one. Thisisdonein the Ports item of the Windows
Control Panel (notin VIBRATZ).

4.1.8.2 PostScript Transfer Function
Dialog Box - called from: Postscript Settings dialog

The Transfer Function is analogous to the PostScript function of the same name. It
changesthe nominal gray values (0.0-1.0 for black-white) calculated by ATOMS astrue
illumination to values actually output. (Note that the PostScript gray scale, 0.0-1.0 for
black to white, isin the opposite direction to the ATOMS gray scale, 0-15 for white-
black; the transfer function appliesto the Postscript gray scale.) If your printer gives gray
shadingsthat are too dark (thisis common, especially for lighter shades), you can
increase the output values. Valuesin between the listed values are linearly interpolated.
The actual gray values output to the printer or EPS file are changed; the transfer function
itself isnot part of the EPSfile. Note that the gray-scale conversion also appliesto lines
of greater than single-dot width (single-dot lines are always black).

4.1.9 Molekel Files
Dialog Box: Molekel Files [File Menu]

Thisoptionisavailable only the File menu of the Atomswindow. It will write afilein the native
(.mkl) format for the (free) molecular graphics program Molekel (www.cscs.ch/molekel). Among
other things, this program will animate the vibrational motion.

It will also writeraster files of the animation, although they are not collected into a"movie".
Among theraster formats available for the Windows version, TIFF packbits seemsto bethe only
onewith compression (avoid JPEG becauseit isnot |ossless).
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The Scale: factor shown inthe Dialog Bar on theleft is applied to the atomic motions givenin the
Output Window.

4.1.10 Text File with Spectral Data
Dialog Box: Text Filewith Spectral Data [File Menu]

Thiswill write atext file with datafor the observed and calculated IR, Raman, NRVSor | XS
spectrain aform that can be read by Kaleidagraph and other X-Y plotting programs.

Each linewill havethefrequency, the calculated intensity and the observed intensity (if present).

If Bars are selected in the M ode radio box, the calculated part will consist of avertical (intensity)
value of zero at the low-limit frequency; another zero value at thefirst mode; apoint at the
maximum for this mode; another zero value, still at the same frequency, and soon. That is, each
mode will be represented by three values at the mode frequency; zero, maximum, zero. If Curveis
selected, there will be adatapoint (linein thefile) for each frequency Interval.

Theunitson the Y -axisunits (horizontal scale) can be either meV or cm-1 - the I nterval will be
in the same units. The calculated intensity datawill be redone for each of the points on the
Interval, and the observed datawill beinterpolated.

The Normalization modefor NRV Swill be as selected inthe NRV S Parameters dialog (or in the
|east-squares section of the Control Window). The choice of Normalization inthisdialog will
then determine whether the output matchesthe cal culated (absolute NRV Sfraction or mode
composition factor) or the observed.

Filewith I XS sequencein zone. When the | XS Spectra box in the Control Window ischecked,
thereisaspecial group which will write afile containing cal culated intensities for a sequence of
Q-pointsaong acentral zonein reciprocal space. The calculationswill be done at integral points,
theindices of which are given by multiplying the Zonel ndices successively by integersfrom the
Start order throughthe End order. Inthefileitself, therewill be aheader row with the 2-theta
values and another with the indices. The observed intensity, if present, isin thefirst column (after
frequencies). Other parameters are as for the main part of the dialog. Thisonly drawsthe curves,
not bars. Thefileiswritten when you click the WriteFile button in the group, not the main OK
button, and when thefileis complete you are returned to thisdial og.

4.2 Input Menu

Thismenu (Control Window) containsdialogswhich allow input and correction of dataon the
molecular or crystal structureitself.

Title/Axes For specifying the type of coordinate axes, or the unit-cell of crystals, and
specifying lattice trandlation in any of the axes (i.e. whether the structureisacrystal, molecule or

polymer).
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mmet For specifying the point group for molecules or the space group for crystals of
polymers- or no symmetry.

Pre-Calculation Rotations ~ For rotating and aligning the image in the Atoms Windows.

Input Atoms For entering the label, coordinates and type of the input atoms.

Atom Types  For specifying the type numbers, atomic weights and formal charges of the
atomsused. By default, thisisatable of the standard atomic numbers and weights of the
elements.

Species  Thisgivesinformation on the symmetry species, including the number of modes, and
allows selection of the speciesfor calculation.

Observed  Thisisfor input of the observed wavenumbers in each species, for least-squares
refinement or just for comparison.

RemoveSymmetry. Thisoptionwill convert all the atoms generated by symmetry to input
atoms, and removes the symmetry specifications. It does not remove latticetranslations. Thisis
only possible after acalculation has been carried out.

4.2.1 Title/Axes
Dialog Box: Title/Axes [lnput menu]

Thetitle may be any information, up to 80 characters. It is printed on most output.

For amolecule using cartesian coordinates, the a, b and ¢ axes should in most cases be 1.0 and the
interaxial angles alpha, betaand gammashould be 90.0. However, moleculeswith trigonal or
hexagonal symmetry can use either Cartesian coordinates and Cartesian axes as just specified, or
coordinates on hexagonal axeswith agammaangle of 120 degrees. The symmetry matricesare
adjusted for either case depending on whether gammais 90 or 120 degrees.

The angles should be consistent with the datafor the crystal which isentered inthe Symmetry and
Input Atoms dialogs. In particular, for monoclinic crystalsin the second setting (b-axis unique),
beta (and not gamma) should be non-ninety. VIBRATZ requires aunique axesto be parallel to z,
but this orientation should be attained by entering arotation of 90 degreeson x in the Pre-
Calculation Rotations dialog.

If atrigonal rhombohedral crystal isto usethe primitive cell, the a, b and ¢ axes must be equal
and the three angles must be equal. Y ou must also select arhombohedral setting in the Symmetry
option.

L atticetrandlations check boxes. These boxes are extremely important because they determine
whether the calculation isto befor acrystal if all three boxes are checked; for amoleculeif al
three are unchecked, and for apolymer if either one (chain) or two (sheet) are checked.

The conversion from crystall ographic to Cartesian coordinatesis made by setting c paralel to z,
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and b inthey-z plane (&* paralel to x). If you use hexagonal axesfor amolecule, that isgamma
= 120 degrees, the orientation isthe same asfor acrystal - the a2 or b axisis parallel toy, so that
al or aisnot paralel to x.

The orientation of the reference Cartesian axesin the Atoms Graphics Window isx pointing
directly out of the screen or paper, towards the observer; y horizontal to the observer'sright; and z
vertical.

4.2.2 Symmetry
Dialog Box: Symmetry [lnput menu]

Thisgivesfour optionsfor specifying the symmetry. Notethat you must also set the L attice
Trandation flagsfor the three axesin the Title/Axes diaog.

Space Group. Thisisthe normal option for acrystal or polymer, although the Custom option can
also be used.

Point Group. Thisisthe normal option for amolecule, if symmetry is used.

Custom Point or Space Group. Thisoption uses symmetry operatorsin form of the general
equipointinthe International Tables for X-ray Crystallography. Thisisused for certain import
fileformats, and for old VIBRAT files. It isnot normally used for new input except in the case of
anon-standard space group, for example C(bar)1.

UseNo Symmetry. This setsthe point group to C1 and the space group to P1 if necessary.

4.2.2.1 Space-Group Symmetry
Dialog Box: Space-Group Symmetry [Symmetry Dialog, |nput menu]

Space-group symmetry isgenerated using licensed excerptsfrom the SGInfo program of Ralf
Grosse-Kunstleve. Y ou can specify the space group in any of threeways:. 1) the Hermann-
Maughin (H-M) or International symbol; 2) the Hall symbol (S.R. Hall: ActaCryst., A37, 517,
1981); or 3) the number of the group in the International Tables for X-ray Crystallography.

International Tables Volume. Y ou have the option of using the older version of the Tables (called
the Second Edition: variousrevisions and reprintsfrom 1952 to 1979) in which the symmetry
information wasin Volumel, or the newer version (1983 onwards) inwhichitisin VolumeA.
The principal difference between thetwo versionsisthat in the older one the unique axis of a
monoclinic group isassumed to be the c-axis, whereasin the newer oneit is assumed to be the b-
axis. Thusentering the symbol P2/m givestwo different orientations depending on the volume
selected. Y ou can always specify the setting by entering the long form of the symboal, i.e.
P2m11,P12mlorP_1 1 2/m. Of course, for thefirst two of these examplesyou would
have to use the Pre-Cal culation Rotations to attain the standard orientation, which isunique axis
paralel toc.
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TheH-M symbol can betyped into the edit box in either short form or long form, with or without
spaces or underscores between positions. However, it isusually safer to select the symbol from
thelist box at the bottom, which givesthe standard-form symbolsfor all the space-groups.
Clickingthe Select button copies the relevant data to the edit boxes at the top; it does not actually
generate the symmetry. Symmetry generation isdone after you click OK - thismay take afew
seconds.

If the space group you select does not appear to be consistent with your choice of axes, awarning
box appears, but in most cases consistency isnot required. Select the rhombohedral setting for
trigonal crystals by adding :R to the end of the symbol in the case of H-M symboals, or asterisk (*)
inthe case of Hall symbols. The choice of rhombohedral vs. primitive cell should agree with the
type of axesentered inthe Title/Axesdialog. If you select therhombohedral setting and then
switch tothe Custom symmetry option, the lattice type will be P; it will be R if the axes are
hexagonal.

Origin of Coordinates. The symmetry analysisin VIBRATZ requiresthat if aspace- or point-
group is centric (contains acenter of inversion), the origin of coordinates must be on that center.
Inthe International Tables, thisisusually standard, but for 24 space groups in the orthorhombic,
tetragonal and cubic systems, thereisachoice of origins. InVIBRATZ, thefirst choice of origin,
which isoff the center of inversion, isdenoted by adding ":1" to the standard symbol or number,
and the second choice, on the center, isdenoted with *:2". In Hall symbols, theoriginisexplicit.
If you enter the symbol or number without extension (":1" or ":2" ), origin on the center (":2") is
assumed.

If your atomic coordinates are for thefirst setting in one of these space groups, you can either
correct the coordinates manually, using the incrementsx, y and z given in the Tablesin theline
"Originat..., a X, Yy, zfrom centre" and enter the symbol for the second setting (add extension ":2"
to symbol or number), or you can enter the original coordinates and allow VIBRATZ to makethe
correctionsto the atomic coordinates (add extension ":1" to symbol or number).

Orientation. Certain orientations of the symmetry elementsare required by the basisfunctions
used for symmetry analysis, and some standard space-group settings may not be consistent with
these settings. VIBRATZ will usually detect such cases, and supply appropriate rotations for the
Pre-Cal culation Rotations dial og.

VIBRATZ requires any unique axisto be the z-axis or crystallographic c-axis, whereasthe
standard orientation for monoclinic crystalsisthe unique axisisusualy b, which is by default
paralel toy. Thusmonoclinic crystalsin the standard second setting should be rotated 90 degrees
onx. If theuniqueaxisisa, arotation of 90 degrees on y should be entered

Sometrigonal, tetragonal and hexagonal space groups have either of two different orientations of
the symmetry elementswith respect to the axes. 1n some cases, only one of the orientationsis
consistent with the basisfunctions used for symmetry analysisused in VIBRATZ. Specificaly,
space groupsin the point or factor group D2d, of the type PAm2 (where P and m may be replaced
by other symbols), must be rotated by 45 degrees. Space groupsin the point or factor group D3h,
of the type P62m, and of the point or factor group C3v of the type P3m1, must be rotated by 30
degrees. Space groups of the type P42m, P6m2 and P31m do not require rotation.
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Space groups in the point or factor groups D3 and D3d also may take two different orientations,
but either orientation isvalid without rotation. However, the Raman componentswhich appear in
the E speciesare different depending on the orientation.

See Orientation for moreinformation about orientations and rotations.

Non-standard settings. Often non-standard settings can be attained by selecting a space group,
then switchingto the Custom Symmetry option. It isespecialy easy to change the Bravais|attice
type. For example, for the space group C(bar)1, select P(bar)1 then switch to the the

Custom Symmetry option and change the Bravais lattice to C.

4.2.2.2 Point-Group Symmetry
Dialog Box: Point-Group Symmetry [Symmetry dialog, Input menu]

Thisdialog allowsdirect selection of common point groups through the radio buttons, and also
input of any other point group through special files.

VIBRATZ usestwo methods to supply the datafor point group symmetry, onefor
crystallographic point groups and one for non-crystallographic groups. The 32 crystallographic
groups are those with rotation axes of order 6 or less, excluding 5-fold axes, and excluding linear
groups. The operatorsfor these groups are generated internally, in the same way as space groups
aregenerated. These groups may beidentified in thisdialog by the presence of both Schoenflies
(chemical) and Hermann-Mauguin (crystall ographi c) symbols.

The non-crystall ographic groups shown in thisdial og include the 5-fold, 7-fold and 8-fold axial
groups, the icosahedral groups, the linear groups, and the group D4d (which isactually of order
8). Theinformation for the listed non-crystallographic groupsisread from files. Thesefileshave
the extension.SY M and should bein the subdirectory \SY M in the directory containing the
VIBRATZ application (VIBRATZ.EXE).

The methods used in symmetry analysisrequirethat the symmetry elementsbefixedin
orientation, and the atomic coordinates must conform to these orientations - seethe Orientation
topic in the Operation - Special Topics section. Usually to make the atoms conform to the
required orientation is amatter of rotation about the z-axis (or very rarely other axes), which can
bedoneinthe Input Atoms dialog in the Input menu.

Inall cases, VIBRATZ uses polynomial basisfunctionsto generate the representationsthat are
used in symmetry analysis. These aretaken up to 8th order if necessary, which is adequate for all
but one species among the listed groups - xxx of D8h. However, the non-optically-active species
of theicosahedral groups have not yet been worked out.

The Read Symmetry from file option reads afile in the same format asthe non-crystallographic
groups represented by the other radio buttons. See Making Symmetry Files for how to prepare a
fileforusein VIBRATZ. Itispossibleto generate afileincluding the optically active speciesfor
any point group for which a character tableis available, since thefirst- and second order infrared
and Raman active components are normally given in such tables and these components are the
first- and second-order basis functionsfor the active species.
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4.2.2.3 Custom Symmetry
Dialog Box: Custom Symmetry [Symmetry dialog, |nput menu]
Note that proper use of this option absolutely depends on identification of the point or factor

group, and possibly applying Pre-Cal cul ation Rotations to bring the atoms and symmetry into
standard orientation; both requirements are described below.

Thisoptionisused for old VIBRAT files (which should already have the correct factor group
number), or for certain import fileformats. It isintended primarily for space groups, but can also
be used for crystallographic point groups. It cannot be used for non-crystallographic point
groups. The symmetry isentered and stored in the form of general positionsasgiveninthe
International Tables for X-ray Crystallography. These are sometimes given in reportson
crystal structures (e.g. Wyckoff, Crystal Structures). Note however that often only the operations
for special positionsare given: VIBRATZ needsall the operationsfor the general position.

If you specify Centric, rather than acentric, and the Oper ationsincludecenter box is not
checked, only half the symmetry operations should be entered. If theorigin of coordinatesis not
on aninversion center, the Operationsincludecenter box must be checked and all the operations
must be present. However, symmetry analysiswill not generally be successful if the originisnot
on acenter, and the coordinates must be corrected; see below under Origin of Coor dinates.

The Space-gr oup symbol isfor your referenceonly - itisnot used directly by VIBRATZ.
However, if you click onthe Get Space Group Symbol button VIBRATZ will analyzethe given
operations and try to provide avalid space-group symbol. When you click on the Change
Symmetry Option button, thiswill also cause an attempt to provide the correct space-group
symboal.

ThePoint/factor group number must be correct for proper symmetry analysis. This number, as
well asthe point group symbol (whichisfor your reference only), may befilled inwith the Get
Space Group Symbol button, but thiswill succeed only if the current operations constitute a
valid space group. If thisfails, the number must be entered using the values from the table below.

Note also that the orientation of the symmetry operators must be consistent with the basis
functions. For anumber of space groupsin their standard orientation, thisis not the case, and it is
necessary to apply Pre-Calculation Rotations to both input atoms and symmetry matrices. If you
select a space-group with the Space-Group Symmetry option, the proper values are automatically
enteredinthe Pre-Calculation Rotations dialog if necessary. Y ou must enter these rotations
manually, if needed, for the Custom Symmetry option. Seethe Space-Group Symmetry dialog for
which space groups need rotation.

The Bravaislattice isin most casesthe capital | etter which begins the space-group symbol.
However, VIBRATZ usesasomewhat different convention from the standard for trigonal
crystals: if you are using hexagonal axes for arhombohedral crystal (whose standard space group
symbol will always beginwith"R"), enter "R" - if you are using the primitive rhombohedral
axes, enter "P". Enter "P" for amolecule.
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Inthe Operationslist, you must enter all the "symmetry operations” for the most general position
in the structure, with one operator per line. "X, Y, Z;" will alwaysbethefirst operator. Click on
the Add Line button to add aline, or Revise to change aline, either of which will call up the

Edit Symmetry Operation Line dialog.

Origin of Coordinates. The symmetry analysisin VIBRATZ requiresthat if aspace- or point-
group is centric (contains acenter of inversion), the origin of coordinates must be on that center.
Inthe International Tables, thisisusually standard, but for 24 space groups in the orthorhombic,
tetragonal and cubic systems, thereisachoice of origins. InVIBRATZ, thefirst choice of origin,
which isoff the center of inversion, isdenoted by adding ":1" to the standard symbol or number,
and the second choice, on the center, isdenoted with *:2". In Hall symbols, the originisexplicit.
If you enter the symbol or number without extension (":1" or ":2" ), origin on the center (":2") is
assumed.

When you use Custom symmetry, the choice of originisnot obvious, and if your atomic
coordinates are for thefirst setting in one of these space groups you must correct the coordinates
and symmetry in either of two ways. If you are using one of these settings, the Centric radio
button should be selected, and the Oper ationsincludecenter box should be checked.

First, you can correct coordinates manually, using theincrements x, y and z given in the Tablesin
theline"Originat..., at X, y, zfrom centre”". The symmetry operations entered in this dialog must
also be completely changed - they must be taken from the second setting instead of thefirst.

Second, you can allow VIBRATZ to make the corrections. This must be donein an indirect way.
After entering the original atomic coordinatesand symmetry operationsfor the off-center setting
inthe Custom symmetry dial og, click the ChangeSymmetry Option button, and changeto
Space-Group symmetry. Thisshould convert your symmetry Settingsto a standard space-group
symbol (first setting), then correct both the symbol s and the atomic coordinatesto the second
setting. If you click on the Get Space-Group Symbol button, the symbols, Settings and atomic
coordinateswill be corrected, but the Custom symmetry option will beretained. Of coursethese
conversions depend on your data being for the standard off-center (first) setting of one of the 24
space groups of thistypein the Tables. Any non-standard off-center settingswill haveto be
correctedmanually.

Point/Factor group numbers
1.C1-1 9.D3 -32 17.C3h-6 25.D3d - 3m

2Ci-1 10. D4 - 422 18.C4h-4/m 26.4 -4
3.Cs-m 11.D6 - 622  19.C6h-6/m 27.56 -3

4.C2-2 12.C2v-mm2 20.D2h-mmm  28. T -23
5.C3-3 13.C3v-3m 21.D3h-6m2 29.Th -m3
6.C4-4  14.C4v-4mm 22.D4h-4/mmm 30.Td -43m
7.C6-6  15.C6v-6mm 23.D6h-6/mmm 31.0 -432
8.D2-222 16.C2h-2/m 24.D2d-42m 32.0h - m3m
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1.C1-1 9.D3 -32 17.C3h-6 25.D3d-3m
2Ci-1 10. D4 - 422 18. C4h - 4/m 26.4 -4
3.Cs-m 11. D6 - 622 19. C6h - 6/m 27.56 -3
4.C2-2 12.C2v-mm2  |20. D2h- mmm 28. T -23
5.C3-3 13.C3v-3m 21. D3h - 6m2 29.Th -m3
6.C4-4 14.C4v -4mm  |22. D4h-4/mmm  |30. Td - 43m
7.C6-6 15.Cév-6mm  |23.D6h-6/mmm |31.O0 -432
8.D2-222 16. C2h - 2/m 24.D2d - 42m 32.0h - m3m

4.2.2.3.1 Edit Symmetry Operation Line
Dialog Box: Edit Symmetry Operation Line [Custom Symmetry dialog, |nput menu]

Theindividual positions or operationss are separated in the International Tables by semicolons.
Semicolons at the end of each line are optional. Only one operation isallowed per line. The
identity operation x, y, z must be present.

4.2.3 Pre-Calculation Rotations

Dialog Box: Pre-Calculation Rotations [Input Menu]

Therotationsin thisdialog are those required to bring both the structure and the symmetry
matrices (together) into proper orientation for symmetry analysis. Thisisrequired normally only
for certain space groups (crystals). If you select the Space-Group Symmetry option, VIBRATZ
usually detects such situations and supplies the appropriate rotations, but for space groups using
the Custom Symmetry option it is necessary to enter the rotations manually.

VIBRATZ requires any unique axisto be the z-axis or crystallographic c-axis, whereasthe
standard orientation for monoclinic crystalsisthe unique axisisusualy b, which is by default
paralel toy. Thusmonoclinic crystalsin the standard second setting should be rotated 90 degrees
on Xx.

Sometrigonal, tetragonal and hexagonal space groups have either of two different orientations of
the symmetry elementswith respect to the axes. 1n some cases, only one of the orientationsis
consistent with the basisfunctions used for symmetry analysisused in VIBRATZ. Specificaly,
space groupsin the point or factor group D2d, of the type PAm2 (where P and m may be replaced
by other lattice and symmetry plane symbolsrespectively), must be rotated by 45 degrees. Space
groups in the point or factor group D3h, of the type P62m, and of the point or factor group C3v of
the type P3m1, must be rotated by 30 degrees. Space groups of the type P42m, P6m2 and P31m
do not require rotation. See Orientation for more information about orientations and rotations.

Space groups in the point or factor groups D3 and D3d also may take two different orientations,
but either orientation isvalid without rotation. However, the Raman components which appear in
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the E speciesare different depending on the orientation.

Rotatelatticetrandlation flags(polymers). If thelattice trandation check boxesin the
Title/Axes dialog refer to the original orientation of the axes entered in that dialog, if only some
boxes are checked (i.e. the structure is a polymer and not amolecule or crystal) and if pre-
calculation rotations are then applied, these indicators or flags may also need to be rotated
appropriately. Thisismost likely with monoclinic space groups in which the unique axisisnot c.
For exampleif the unique axisis b and the polymer or lattice tranlation is ¢, then the 90 degree
rotation on x would changethelattice trandlation directiontob or y. Itisalso possibleto leave
the Rotatelatticetrandation flags box in this dialog unchecked, and to select thel attice
tranglation directionsinthe Title/Axes dialog asthey are after the pre-calculation rotations. 1nthe
above exampl e, thiswould mean checking the b-axis box asthe polymer or trandlation direction.

Note that this option does not change the orientation of the atom coordinatesrelative to the
symmetry matrices; rather it changes both of these, so that they are consistent with the Cartesian
polynomial basisfunctions used for symmetry analysis. To rotate theinput atom coordinates with
respect to the symmetry elements, usethe Rotate all atoms option in the Input Atoms dialog
(Input menu).

4.2.4 Input Atoms
Dialog Box: Input Atoms [Input menu]

Thisgivesalist of input atoms. The datafor each oneisinasinglelineinthe scrolling list or
spreadsheet. To add anew entry, pressthe down arrow key whilethe focusison the last row, or
clickthe Add button.

The Label may be up to 6 characters. There should be no embedded blanks.

The Type refersto the Atom Types list. By default, type numbers are standard atomic numbers,
although it isalso possible to assign different type numbersto particular atomsto assist in
defining bondsand angles. Infact, it isfrequently necessary to assign different type numbersto
specific input atomsto differentiate bonds and angles. 1t isusually best to use atomic numbers
modulo 100, for example 6, 106, 206, etc. for carbon atoms, as the structure display program
ATOMS, which can animate the vibrational motions, will read these all astype 6 (carbon) when
importing VIBRATZ files.

Inthe X, y and z boxes, enter the coordinates, fractional in the case of crystals, or absolutein the
case of molecules. For polymers, coordinates could be part fractional and part absolute.
Coordinates should be given to the 5th decimal place where necessary - for example, a coordinate
which is 2/3 by symmetry should be entered as 0.66667, not 0.667.

Note. If Urey-Bradley forcesare used, and if an element occurs as central atom in CXn polyhedra
in different coordinations (that is, if nisnot alwaysthe same), each occurrence must be given a
different typenumber.

VIBRATZ expectsto usethe specified symmetry on the entered atomsto generate all the atomsin
the unit cell or molecule. However, it ispossibleto enter all the atoms, including some or all
symmetry equivalents. VIBRATZ will thenidentify thosewhich areredundant, and will delete
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themwith your permission.

The Read Atomsfrom File button callsthe Read Atom List from File dialog, to read atext file
containing atom label sand coordinates.

The Coordination button calls up the Coordination of Atoms dialog which showsthebonding
environment (bonds and angles) of any or al atoms. Thisoption can give sorted lists of bonds
and angles which can be an important aid in assigning force constants.

Z-Matrix. Thisallows construction of amolecule from az-matrix or table of bond
lengths and anglesinstead of using Cartesian coordinates.

Rotateall input atomson axis. Thisoptionisprimarily for molecules, in casethe atomic
coordinates arefor a setting of the symmetry elementswhich isdifferent from that used by
VIBRATZ. Thestandard VIBRATZ orientation isasfollows: In Cnv groups avertical mirror
planeis perpendicular to the x axis (not they axisif thereisadifference). In groupswhich have
horizontal 2-fold axeswith or without vertical mirror planes, a2-fold axisis oriented parallel to
the x axisand mirror planes are oriented accordingly. Theicosahedral groups are oriented with a
5-fold axis parallel to z, and an adjacent 3-fold axisin the x-z plane.

Therotation is permanent, but can be reversed by entering the negative of the angle (see
Orientation)

4.2.4.1 Coordination of Atoms
Dialog Box: Coordination of Atoms [Input Atomsdialog, |nput menu]

Thisdialog sets parameters for a print-out of interatomic bond distances and angles. Theresults
are presented in two ways; 1) all bonds and anglesinvolving the selected input atom, or each input
atom inturn; and 2) lists of all bonds and angles, sorted according to bond lengths.

Theresults are written to afile name BONDS.VBD, and they a so appear in a Text window (see
Operation - Windows, Menus). Thiswindow hasits own menu bar, which isdifferent from the
standard VIBRATZ menu bar. The Text window menu bar has standard commands for editing
and printing out text. In order to accessdialogsin the VIBRATZ menu bar, click on the Control
window or select the Control window inthe View or Windows menus.

If you check the All atoms radio button, each input atom will be analyzed in turn; if you check the
Selected atom only button, resultswill be given only for the input atom previously selectedin
Input Atoms dialog - return to that dialog with the Cancel  button.

The Distancelimit - centr al-ligand appliesto all bonds from the current input atom to
surrounding atoms.

The Distancelimit - ligand-ligand appliesto the distances between the atoms surrounding the
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current input atom. Thisisnormally the way that undesired angles are screeened out. For
examplefor octahedral coordination around acentral atom, only the ~90 degree anglesinvolving
adjacent ligands are usually selected, not the ~180 degree anglesinvolving oppositeligands. This
isdone by setting thisdistance limit to just larger than the maximum ligand-ligand distance.

The Distancelimit for angles (which also appliesto ligand-ligand distances), isatest which is
applied to the central-ligand distance of both legs of an angle. Thisallows consideration of next-
nearest neighborsfor bonds, but not for angles.

If the Doanglesand ligand-ligand distances box is not checked, only central-ligand bond
distanceswill be calculated.

When the structure is complex and all input atoms are computed at once, the Useradii to screen
sorted lists allows exclusion of chemically unrealistic bonds and angles. If thisisused, the
overall distance limits above should belarge enough for al interatomic distances. Thisoption
requires suitable atomic radii to be present in the Atom Types list (Input menu). The calculated
bond lengthswill be compared with the sum of the atomic radii, multiplied by the factor in the
Factor for sum of radii box. A factor of about 1.2-1.3 isusually appropriate. The default radii,
obtained fromthe ELEMENTS.DAT file (see Types of Files) are standard covalent radii, with
someadj ustments.

Note that valuesfor individual bonds and angles can be obtained in the Atomswindow by clicking
successively ontheatomsinvolved.

4.2.4.2 Read Atom List from File
Dialog Box: Read Atom List from File [Input Atomsdialog, | nput menu]

Thisdialog specifies parametersfor reading alist of atom labels and coordinates from atext file.
Such filesnormally have one atom per line, although actually there could be any number of entries
per line. There must be aconstant number of fields for each atom entry. A field isagroup of
letters or numberswith no embedded spaces, separated by spaces or commas. There should be no
lines other than atomic parameter linesinthefile. VIBRATZ will keep reading linesuntil the end
of thefile.

The Field string determines how each input lineisinterpreted. Thefield string may contain up to
20 tokens or keywords - LAB, COO, TYP or DUM, separated by spaces. DUM isthe only token
which can be repeated - the others should appear only once

LAB indicates an atomic label. Labels may have up to 6 characters and may not contain
embedded spaces. COOQ indicatesthree numbersgiving the x, y and z coordinates of the atom.
Thesetwo fieldsare mandatory. TY Pisoptional and gives an atomic type number, which may or
may not be the standard atomic number. If thereisno TYPfield, VIBRATZ will attempt to
assign standard atomic numbers using thefirst one or two letters of thelabel. DUM indicates a
field that isto be skipped.

Example. Thefield string
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DUM LAB COO
would be used to read in lines of theform

1 C1 1.3456 2.43235.6432
2 C2 2.1233 3.6367 5.4524
3 H1 8.3445 1.2344 3.1233

and so on.

If you know the full path of thefile, you can typeit into the edit box and use the Read Named
File button. Otherwiseyou can locate the file with the Browse button.

4.2.4.3 Construct Molecule from Z-Matrix
Dialog Box: Construct Moleculefrom Z-Matrix [ Revise Atom Dialog]

With this dialog you can construct a molecule or structure fragment from a table of bond length
and angles. The table, called a z-matrix, is widely used in molecular science, and you can read
files from other sources or write files for use in other software.

Action button section

The buttons at the top of the dialog indicate actions to be taken after the z-matrix at the bottom
is filled out

Add will add the new generated atoms to the atoms already in the Atoms (Input) list. If the
structure axes are not already Cartesian they are changed to Cartesian.

Replace will remove all the old atoms from the Atoms (Input) list and insert the new generated
atoms.

Add and Replace will change the structure axes to Cartesian, since all calculations with z-
matrices assume Cartesian coordinates, but most other settings, such as symmetry, boundary
option and others in the Inputl menu, will not be changed

Read will reading a file containing a z-matrix and insert the contents into this dialog. There
should be no title or other extraneous lines, and each line, for each atom should contain the
fields Label, Bond Connect, Bond Distance, Angle Connect, Bond Angle, Dihedral Connect and
Dihedral Angle. Note that atom Type is not in this sequence, but the atom type or atomic
number may be on the end of the line. The fields should be separated by spaces, commas,
colons or semicolons.

Write will write a file as described in the previous paragraph, with one line for each atom, and
with the type number at the end of the line. The Orientation (below) will be added after the
atoms.

Show will do a conversion from z-matrix to Cartesian coordinates and display the z-matrix and
the results in a Text window.

You can cut-and-paste blocks of atom lines in the z-matrix by using the Read, Write and Show
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buttons - for example you can save a file from the Text window (Show) after suitable editing,
then Read it back.

Orientation section

The Orientation section allows the molecule or fragment to be located and oriented in any
desirable way. It always refers to the first three atoms in the z-matrix list. Coordinates are
always Cartesian.

The Position gives the x, y and z coordinates of the first atom. By default they are 0,0,0.

The Atoms 1-2 vector gives the vector from the first to the second atom. By default it is 1,0,0,
which puts the second atom on the x-axis at the given bond distance from the first atom.

The Atoms 1-2-3 plane gives the normal to the plane containing the first three atoms. The
vector from atom 2 to atom 1, the vector from atom 2 to atom 3, and this normal form a right-
handed system. By default this normal is 0,0,-1 which puts the third atom in the x-y plane with a
positive angle giving a positive y-coordinate for atom 3 (assuming standard placement and
orientation for atoms 1 and 2).

The vectors need not be normalized; they will be normalized during the transformation.
Z-Matrix section

Each line in the matrix below refers to an atom. You can select each atom by clicking on the
number to the left, and the entries are acted upon by the Move Up, Move Down (move the line
within the list), Insert and Delete buttons. The up and down arrows to the right scroll the entire
list up or down if there are more atoms than the list can hold at once.

The atoms are positioned with respect to other atoms in the list. The first three atoms are
oriented and positioned as described above in Orientation, and all other atoms are placed with
respect to these three.

Each line describes the positioning of a new atom (1) with respect to up to 3 atoms already in
the list (2, 3, and 4).

The Label and Type give the VIBRATZ label and type; the type is normally the atomic number.
If the type is 0, VIBRATZ will attempt to determine the atomic nhumber (or other type number)
from the first two characters of the label.

Bond Connect: the number in this list of the atom (2) to which the new atom (1) is directly
bonded.

Bond Distance: distance in Angstroms from 1 to 2.

Angle Connect: the number in this list of an atom forming an ordinary angle 1-2-3.

Bond Angle: the value of the angle 1-2-3 in degrees.

Dihedral Connect: the number in this list of an atom forming a dihedral (tau) angle 1-2-3-4.

The dihedral angle is the angle between the normals to the plane 1-2-3 and the plane 2-3-4.
This angle is conventionally given values from 0 to 180 and 0 to -180 degrees, and the sign is
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positive if, viewing the angle along the bond 2-3, with 2 nearer the observer than 3, the angle
from the projection of 2-1 to the projection of 3-4 is traced in the clockwise sense (definition
from Wilson, Decius and Cross, Molecular Vibrations, 1955, p 60).

Dihedral Angle: the value of the (tau) angle between the normals to the plane 1-2-3 and the
plane 2-3-4 in degrees.

4.2.5 Atom Types
Dialog Box: Atom Types [lnput menu]

Thisliststhe atom types which are used in the definitions of force constants (Forces menu). The
atom typelist al so specifies the atomic weights, which must be accurate for proper calculation of
frequencies. The datafor each typeisinasinglelinein the scrolling list or spreadsheet. Toadd a
new entry, pressthe down arrow key while thefocusison thelast row, or click the Add button.

The Type number isthe number which isused in the bond and angl e specifications (Forces
menu). Itistypically the atomic number, but see below.

The Mass isthe atomic weight - see below under ELEMENTS.DAT filefor different default
values.

The Char ge isused to cal culate the dipole moment, changesin which determinetheinfrared
intensities.

If the Use (charge) button is not checked, thisatom type is assigned the charge necessary to
neutralize the molecule or unit cell. Thisassumesthat at |east some other atoms are assigned
charges. Thisoptionisintended for radicals, such as CO3, SIO4, etc.

The Radiusisoptionally used in the Coordinates option (called from the Input Atoms dialog,
Input menu), to help in screening bond lengths. 1t isnot used in the Atoms graphicswindow,
where all atoms have a constant radius (Atom Plot Parameters).

The Color, which is shown on the button, is sel ected graphically with astandard system color
dialog which comes up when the buttonisclicked.

Shade. Gray shades, which are used in black-and-white display, printing and other output, are
numbersranging from O (white) to 15 (black).

Used. After acalculation, thiscolumn will indicate whether each typeisactually used by the
current data set. When saving adata set, if not all atom types are used by the Input Atoms you
are given the option of deleting the unused types.

The Clear button entirely removesthe current list. The Defaults button restores the standard
atomic numbers and atomic weights. The default atom typelist contains standard atomic numbers
and mean atomic weightsfor the natural isotope mixture of each element, which isadequatefor
many purposes. Of courseif the compound under consideration hasisotopic substitution, you
must correct the atomic weight. See below under ELEMENTS.DAT file.
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Type numbers. 1t may be necessary to use more than onetype for agiven element, in order to
more easily differentiate bond and angle force constants. The main alternative to using standard
atomic numbers, or in other words chemical species, astype numbersisto use symmetrically
distinct input atoms. Thismay be necessary in some cases, for examplewhen using Urey-Bradley
forcesinvolving asingle element in different coordinations, but generally should beavoided asit
often leadsto an excessive number of force constants. Defining bonds and angles using chemical
speci es (atomic numbers) and bond-length and angle limits allows easy transferrence of
specifications from one compound to another. In fact, files containing such specifications may be
written and read (Read and Write file optionsin the Forces menu). When assigning different
type numbersto the same chemical element, it isusually best to use atomic numbers modul o 100,
for example 6, 106, 206, etc. for carbon atoms, as the structure display program ATOMS, which
can animate the vibrational motions, will read these all astype 6 (carbon) when importing
VIBRATZfiles.

If you are studying compounds which areisostructural or even very similar, it may be
advantageousto retain al the force specifications using constant type numbers, and just change
the atomic weights. Certainly isotopic substitutions can be handled thisway, if the substitution is
complete. Also, for example, substitution of onetransition metal for another, or one rare-earth
element for another, may not require any changesin the force constant specifications, and even the
force constant values may be close enough for initial trials.

ELEMENTS.DAT file. See Typesof Files. The default datafor atom typesarein thisfile,
which can be modified with aword processor. On each line arelisted the atomic number; the
standard chemical symbol; the effective (covalent) radius; the red, green and blue components of
the color on ascale of 1-255; the gray-scale " color" (for black-and-white output) on ascale of 0
for whiteto 15 for black; the atomic weight; and the normal ionic charge. The standard version of
thisfile hasthe atomic weight for the most abundant isotope (if thisisknown - otherwise the
average natural weight isused). An alternate version of thefile, called ELEMAV.DAT, hasthe
average natural atomic weight. If you prefer to use thisversion, it should be renamed
ELEMENTS.DAT. Thebackup for the most-common-isotopeversioniscalled ELEMAIN.DAT.

4.2.6 Species Data
Dialog Box: SpeciesData [lnput menu]

Thisdialog givesinformation about the symmetry speciesfor the current point or factor group.
The specieslabels, infrared (IR) and Raman polarization components are not dependent on the
particular structure.

Thetotal number of modes, at the top of the dialog, and the number of modesin each speciesare
not determined until the structureiscalculated. Thisinformation isthereafter saved in the data
file

The Observed button brings up the Observed Wavenumbers dialog, for entry or correction of the
observed wavenumbers, which are not necessary for asingle calculation but are necessary for
least-squares adjustment. Theradio buttonson theright will determinewhich speciesisfirst
showninthe Observed Wavenumbers dialog, but the L ast/Next buttonsin that dialog allow
changing between species.
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All theinfrared and Raman components are listed for each species, but for T and E species, not all
will appear in the cal culated atomic motions or atomic spectra. That is, the cal culated modes will
show one of two for E species and one of threefor T species.

4.2.7 Observed Wavenumbers

Dialog Box: Observed Wavenumbers [Input menu; Speciesdialog]

Thisdialog allowsinput of observed wavenumbers, for |east-square adjustment or just for
comparison. Y ou must know, or be able to guess, the assignment of frequenciesto species.

I sotopeConfigurations spin control. Y ou can enter wavenumbersfor up to three

I sotope Configurations. The base configurationisnumber 1. If most frequencies areidentical to
those of the main configuration you can write afile (which containsall frequencies) and read it
back for the other configuration(s), then changeindividual frequenciesas necessary.

Individual modes can be omitted from any least-squares adjustment of forces. Modeswith zero
frequency, either observed or calculated, are never included in least-squares.

The observed wavenumbers are entered in descending order within each species. I1f amodeisnot
observed, its place must be taken by avalue of 0.0 - the number of observed frequencies entered
for each species should correspond with the theoretical number. Thisnumber should appear at the
top of thedialog, but it will bevalid only if a calculation has already been carried out. Thiscan
be donewith the Symmetry only box in the Control window checked. The number of modesin
each species appearsin the Output window, and also can be seen in the Species dialog (Input
menu).

The Act on Selected Row group allowsyou to insert or delete rows (observed values) and move
them up or down, keeping the other observed values.

The All and None buttons after L east-squaresturn all the least-squares flags, for this speciesonly,
on or off.

Y ou can read the observed values from atext file. Inthisfile, each wavenumber must be
proceeded by the species number (speciesin the sequence asin the Species dialog, |nput menu).
Thisisbest done with a species number and awavenumber on each line, although line breaks are
ignored in thefile. The wavenumbers must be given in decreasing order for each species, and with
0.0inthe place of any missing frequencies.

4.2.8 Isotopes
Dialog Box: Isotopes [lnput menu; Control Window; Atom Typesdialog]

Thisdialog allowsyou to specify isotope substitutionsin up to two configurations beyond the
base configuration, which isnumber 1.

The base configuration usesthe atomic weightslisted in the Atom Types dialog. For spectra2
and 3, you specify the type numbers of all atomswhose atomic weights areto be changed. For
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exampleif Satomswith type 16 are to have atomic weight 36 instead of 32, you would enter 16
and 36.0. If more than one atomic typeis substituted, for example types 16 and 116 for sulfur,
both must be given.

If the Calculate box is not checked, the 2nd and 3rd spectrawill be skipped.

See | sotope Configurations for complete information on isotope substitutions.

4.3 Forces Menu

Thismenu isfor specification of the valenceforces.

Bonds, valence angles, and tau and psi four-atom angles, thefirst four items, areimplicitly
automatic forces - that isthey are specified by giving the atomstypes (usually atomic numbers)
with distance and angle limits. All bondsand angleswith the given specifications are then located
automatically by VIBRATZ.

The same types of bonds and angles may be specified as manual, in the M anual For ces group.
With thismethod, each individual bond or anglein aset is specified by giving the sequence
numbers of the generated atomsinvolved. These sequence numbersare not generally the same as
the input atoms numbers (unlessthereisno symmetry). This method isnot applicableto crystals
or polymers. Thismethod is more direct, and may be easier to apply for simple structures, but
may lead to certain types of error, such as not specifying acomplete set, or specifying setswhich
are not consi stent with symmetry.

Bonds  For specifying true valence bonds with atom types and distance limits.
Angles  For specifying 3-atom valence angles with atom types and distance/angle limits.

Tau (Torsion) Angles For specifying 4-atom torsion angles with atom types and
distance/anglelimits.

Ps (Bond-Plane) Angles For specifying 4-atom torsion angles with atom types and
distance/anglelimits.

Manual Forces

Manual Bonds  For specifying individua true valence bondswith generated atom numbers.
Manual Angles  For specifying individual valence angleswith generated atom numbers.
Manual Tau For specifying individual 4-atom torsion angles with generated atom numbers.
Manual Psi  For specifying individual 4-atom torsion angleswith generated atom numbers.

Urey-Bradley  For specifying forces derived from X-X interaction in CXn coordination
polyhedra.
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I nteractions - Automatic For interactions between bonds and 3-atom angles, with at least one
commonatom.

Interactions - Manual For interactions involving 4-atom angles, or for pairswith no atomsin
common.

WriteForceFile Writes afile containing specifications from the above dial ogs.

Read ForceFile Reads afile containing valence force specifications, replacing all current
forces.

Use Cartesian Forces Specifiesthefile for reading a Cartesian atomic force matrix.

WriteCartesianFile Writes afile containing forces converted to the basis of x, y and z
Cartesian coordinates of each atom.

4.3.1 Bond Force List

Dialog Box: Bond ForcelList [Forcesmenu]

Thisisfor "automatic" bond location - VIBRATZ searchesthe structure for bonds using the
specified atom types (usually atomic numbers) and distance limits. For "manual” bond location,
using sequence numbers of specific generated atoms, or by point-and-click, see Manual Bonds.

The upper list givesalist of the valence bond forces. The datafor each oneisinasinglelinein
the scrolling list or spreadsheet. To add anew entry, press the down arrow key whilethefocusis
onthelast row, or click the Add button. Thelower list givesthe specificationsfor each force
constant in terms of atom types - an unlimited number of specificationsisallowed (there must be
at least one).

Thisisfor entering the specificationsfor standard valence bonds (not Urey-Bradley ligand-ligand
contacts - seethe Urey-Bradley Data dialog).

No. (number). Since bonds are alwaysfirst in the overall force constant list, this number isthe
same as the fcon number used in specifying interactions.

Force. Theforce constant, in md/A.
The Polarizability determinesthe contribution of the specified bond to the Raman intensity (see

Theory and Implementation). Generally avalue of 1.0 should be given to the most polarizable
bonds.

Nspc. Number of atom type specificationsfor thisbond (lower list).
LstSg. If thisbox ischecked, thisforce constant will be refined by least squares.

Show. If thisbox ischecked, the bond will be shown in the Atoms Window.
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DMin/Dmax. Bond-length minimum and maximum. If the maximum iszero, it will bereset to
the default value. Thisdefault valueisfixed in the Basic Parameters dialog.

The Atom typesin the specificationsin thelower list or spreadsheet should key to entriesin the
Input Atoms list - normally the atomic number isused. However, bonds may be differentiated by
assigning different atom types (Atom Types dialog, Input menu) to structurally or chemically
distinct atoms of the same element, aswell as by using bond lengths.

Once specifications have been entered, the force-constant val ues and | east-squares flags for bonds
may be changed inthe overall Forces List, accessiblefrom the Control Window.

Badger'srule. Using thisrelationship can avoid having to specify different force constantsfor
different bond lengths, and may cut down drastically on the number of force constantsrequired
when bond lengths are variable. Thegeneral formusedis

F=1.86/ (d-d0)*3

Badger used this equation to relate distances and force constantsin different diatomic molecules,
and dO was a constant characteristic of certain combinations of rowsin the periodic table, but it is
used in VIBRATZ to relate the force constantsfor individual bonds of agiven typeto the different
individual distances. Thusin VIBRATZ d0isderived by solving the above equation when Fis
the overall force constant (the FCON entered in thisdialog) and d isthe average bond distance for
thisbond type. Then for individual bondsin thisgroup, Fisderived from theindividual d. The
entry "Badger" in the output givestheratio of the force constant for theindividual bond to the
overall force constant.

Note: Thefirst releasesof VIBRATZ V2.0 used an incorrect equation as "Badger'srule” for
valencebonds

F" = F (do/d) ~ n

Thisisactually the equation for variation of Urey-Bradley repulsion forces. If you selected
"Badger'srule" variation previously, the corrected form will now be used, and the exponent and
base distance value (if used) entered previously will beignored.

4.3.2 Angle Force List

Dialog Box: AngleForcelList [Forcesmenu]

Thisisfor "automatic" valence anglelocation - VIBRATZ searchesthe structure for anglesusing
the specified atom types (usually atomic numbers) and distance and angle limits. For "manua”
anglelocation, using sequence numbers of specific generated atoms, or by point-and-click, see

Manual Angles.

The upper list givesthe current 3-atom valence angle coordinates. The datafor each oneisina
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singlelinein the scrolling list or spreadsheet. To add anew entry, pressthe down arrow key while
thefocusison thelast row, or click the Add button. Thelower list givesthe specificationsfor
each force constant in terms of atom types - an unlimited number of specificationsisallowed
(there must be at |east one).

No. Thisisthe number intheanglelist. Do not use this number for specifying automatic
interactions.

Fcon Thisisthe number inthe overall force constant list. Use this number for specifying
automaticinteractions.

Force. Notethat angleforces may be specified in either in md-A orinmd/A. Thischoiceis
madein the Control window or the Basic Parameters dialog (Settingsmenu).

Nspc. Number of atom type specificationsfor thisangle (lower list).
Lst Sq. If thisbox ischecked, thisforce constant will be included in | east-squares refinement.

Type. Caculationsbased oninternal coordinatesfor highly symmetric moleculestypically do not
need to consider angle-bending in more than one plane and there may be only oneinternal
coordinate or force constant per angle. When using Cartesian coordinates, especially in cases of
lower symmetry, it isoften necessary or convenient to include the completeforcefield, requiring
twointernal coordinates.

VIBRATZ supportsthree types of force constants for 3-atom valence angles - standard in-plane
forcesor internal coordinates, forces perpendicular to the plane of the bond, and forcesin two
perpendicular directions but with the same force constant. Standard in-planeforcesare
appropriatein situationsin which it isnot necessary to consider out-of-plane bending - for
examplein small moleculeslike H20, in which out-of-plane bending can beresolvedinto in-plane
bending and rotation of the molecule; or in casesin which bending is symmetrically degenerate
and only one of thetwo directionsiscalculated. In-planeforcesaoneare aso conventionally
used where thereis aredundancy of angle coordinates, such as X-C-X anglesin non-planar CXn
polyhedrawith morethan 3 X ligands. The second and third radio buttonsin this group are for
situationsinwhich it is necessary to consider forcesin more than one plane, which indeed isthe
general caseinlarge moleculesand crystals. Out-of-plane 3-atom angle bending may beused in
many situationsin place of psi (bond-plane) angles (seethe CO3A example). If agivenangleis
not 180 degrees and out-of-plane forces are to be considered, the force constantsfor in-plane and
out-of-plane bending are presumably different and two separate angle coordinates should normally
bedefined. Thethird option, which generatesforcesin two perpendicular directions, isprimarily
for 180 degree angles- i.e. linear configurations of three atoms (see the Ni(CO)4 and Fe(CO)5
examples). If theangleis 180 degrees, the actual displacement directionsare arbitrary. This
option will generate two coordinatesfor each angle. Seebelow for definitions of the displacement
or s-vectorsfor in-plane and out-of-plane coordinates and Forces - General Considerations for
further discussion of the sel ection of force-constant models.

Again, the out-of-plane angle forcesused in VIBRATZ may in some cases take the place of tau
and/or psi forcesused in cal culations on moleculeswith internal coordinates.
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DMaxl/DMax2. The maximum distance for each of thetwo legs of theangle. If avalueiszero
it will bereset to the default maximum ( Basic Parameters dialog.).

AngMin/AngMax. Theminimum and maximum valuesfor theangleitself, in degrees. Angle
limit values of zero will skip angletests.

Theatom typesin thelower Specifications list should key to entriesin the Atom Types list -
normally the atomic number isused. Types must be given for the Central atom, and for the two

legs.

Multiple specificationsin terms of atom types are typically used for isotopic substitution. For
example, if you are calculating deuterium substituted hydrocarbons and define deuterium asatom
type 101 (see Atom Types), the type specifications (6, 1, 1), (6, 1, 101) and (6, 101, 101) would
cover al possible combinations of isotopesfor H-C-H.

Note that for Urey-Bradley forces, anglesinvolving adjacent ligandsfor therel evant polyhedra
(X-C-X angles) must be defined in thisdialog, even if there are not considered to be any true
valence bending forces. That is, the force constants for these angles specified in this dialog may
bezero.

Once specifications have been entered, the force-constant values and | east-squares flagsfor angles
may be changed inthe overall Forces List, accessible fromthe Control Window.

Urey-Bradleyforces. If you aregoing to use Urey-Bradley forcesfor one or more types of
polyhedron, thelist of angles should be completefor each polyhedron, including the atom types
involvedinall ligand-central-ligand angleswhich correspond to ligand-ligand contact, and
excluding angleswhich do not correspond to ligand-ligand contact. Inan octahedron, for
example, the 90 degree angles should be included, but the 180 degree angles should not.

The Unitsfor anglefor ces radio buttons determine the units of force constants and the way they
areinterpreted. Force constantsfor bonds are alwaysin md/A (millidynes per Angstrom), but
thoseinvolving angles may be expressed in either of two ways- in md-A (per radian squared) or
inmd/A. Published values may be given either way, and it is absol utely necessary to choose the
appropriate option if such values are to be used or compared. See the Basic Parameters dialog
(Setting menu) for more details.

Orientation of coordinates for 180-degree angles and definition of in-plane and out-of-plane
coordinates. Anglesin the equilibrium position are always 0 to 180 degrees. In the case of 180
degreeanglesit isnecessary to specify arbitrarily the direction of the displacement or s-vectors
(see WDC, p. 54). For in-plane coordinates the s-vectors are obtained from the cross-product of
the bond vectors and the y-axis, or the cross-product of the bond vectors and the z-axisif the bond
vectorsare nearly parallel toy. Thisensuresthat thereisacomponent of displacement in the x-
direction, which may bethe only direction cal culated for many degenerate species (thisisthe
default direction selected by the basisfunctionsin most cases). Since the non-central atoms of 3-
atom angles are considered to beinterchangabl e (and these atoms are often of the sametype or
chemical species), the sign of the s-vectors must also be specified arbitrarily. If the s-vectors of
the outer atoms (which areidentical for 180 degree angles) have asignificant z component, thisis
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made to be positive; if the zcomponent isvery small, then x ismade to be positive, and if the s-
vectorsare nearly paralel toy, then the y-component is made to be positive.

For the out-of-plane coordinates of 180 degree angles, the s-vectorsare perpendicular to thein-
plane s-vectors and the bond vectors. The same procedureisused to determine sign asfor thein-
planecoordinates.

In the case of non-180-degree angles, the s-vectorsfor in-plane coordinates are obtained in the
standard way (WDC, p. 56), and the s-vectors for out-of-plane coordinates are perpendicular to
the plane of theangle. The signisdetermined as above.

After the solution of the secular equation and determination of atomic motions, it isnecessary to
resolvethe atomic motionsinto in-plane and out-of-plane angle bending, for partitioning of the
potential energy. In practice the displaced atom coordinates are projected onto two planes, one of
whichisthe original plane of the angle (if the angleis not 180 degrees), and the other of whichisa
plane perpendicular to the plane of the angle, passing through the two non-central atoms. These
two projections givethein-plane and out-of-plane angl e changes, respectively.

Interactionsinvolving out-of -plane angle coordinates or either type of coordinatefor 180 degree
angles may be questionable because of the arbitrary direction and/or sign of the displacements.
Of coursethis depends on the particular geometry and symmetry.

Once specifications have been entered, the force-constant val ues and | east-squares flags may be
changedintheoverall Forces Lidt, accessible from the Control Window.

4.3.3 Tau (Torsion) Angle Force List

Dialog Box: Tau (Torsion) AngleForcelList [Forcesmenu]

Thisisfor "automatic" torsion anglelocation - VIBRATZ searchesthe structure for torsion angles
using the specified atom types (usually atomic numbers) and distance and anglelimits. For
"manual” torsion anglelocation, using sequence numbers of specific generated atoms, or by point-
and-click, see Manual Tau.

The upper list givesthe current 4-atom tau angle forces. The datafor each oneisinasingleline
inthe scrolling list or spreadsheet. To add anew entry, press the down arrow key while the focus
isonthelast row, or click the Add button. Thelower list givesthe specificationsfor each force
constant in terms of atom types - an unlimited number of specificationsisallowed (there must be
at least one).

No. Thisisthe number intheanglelist.
Fcon Thisisthe number inthe overall force constant list.

Force. Notethat angleforces may be specified in either in md-A orinmd/A. Thischoiceis
madein the Control window or the Basic Parameters dialog (Settingsmenu).
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Nspc. Number of atom type specificationsfor thisangle (lower list).
Lst Sq. If thisbox ischecked, thisforce constant will be included in | east-squares refinement.

Dmax12/Dmax23/Dmax34. These are the maximum bond distances for each of the threelegs.
If avalueiszeroit will be reset to the default maximum ( Basic Parameters dial og).

Dmin23. Thisisthe mimimum distance for themiddleleg. Thetwo middle atomsinatorsion
angle need not be connected to each other with an actual chemical bond. Intheexample ALLENE
the second and third atoms are taken to be the two end atoms of alinear C-C-C configuration,
while the central C atomisignored. DMin23isrequired to exclude the two shorter C-C bonds.

TauMin/Taumax. Theanglelimitsare applied to the absolute value of the tau angle. Tau
angles assume the sign convention as defined by WDC, p. 60; theangleispositiveif, viewing the
atoms along the bond 2-3 with 2 nearer the observer than 3, the angle from the projection 2-1 to
the projection of 3-4 istraced in the clockwise sense. The dog-leg configurationinthediagramin
the dialog shows a tau angle near 180; an angle near 0 would give a U-shaped pattern. Thus
using the absolute limits assumesthat it is moreimportant to distinguish between dog-leg and U
configurationsthan between | eft- and right-handed intermediate configurations. Anglelimit values
of zerowill skip angletests.

Theatom types inthelower specification list should key to entriesin the Atom Types list -
normally the atomic number isused. Types must be given for each of thefour atomsinvolvedin
the sequence shown in the diagram to theright.

Once specifications have been entered, the force-constant val ues and | east-squares flags may be
changedintheoverall Forces List, accessible from the Control Window.

4.3.4 Psi (Bond-Plane) Angle Force List
Dialog Box: Psi (Bond-Plane) AngleForceList [Forcesmenu]

Thisisfor "automatic" psi bond-plane anglelocation - VIBRATZ searches the structure for ps
angles using the specified atom types (usually atomic numbers) and distance and angle limits. For
"manual” psi anglelocation, using sequence numbers of specific generated atoms, or by point-and-
click, see Manual Psi.

The upper list givesthe current 4-atom psi (bond-plane) angleforces. Thedatafor each oneisin
asinglelineinthe scrolling list or spreadsheet. To add anew entry, pressthe down arrow key
whilethefocusison thelast row, or click the Add button. Thelower list gives the specifications
for each force constant in terms of atom types - an unlimited number of specificationsisallowed
(there must be at |east one).

No. Thisisthe numberintheanglelist.

Fcon Thisisthe number inthe overall force constant list.
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Force. Notethat angle forces may be specified in either in md-A orinmd/A. Thischoiceis
madein the Control window or the Basic Parameters dialog (Settingsmenu).

Nspc. Number of atom type specificationsfor thisangle (lower list).
Lst Sq. If thisbox ischecked, thisforce constant will be included in | east-squares refinement.
Dmax12/Dmax23/Dmax34. These are the maximum bond distances for each of the threelegs.

PsiMin/Psimax. Minimum and maximum valuesfor the psi angle. The psi angleitself isthe
complement of the angle between bond vector 1-2 and the perpendicul ar to the plane 2-3-4. The
angleiszeroif al four atomslieinaplane. Psi anglesassumethe following sign convention.
Viewing the plane defined by atoms 2, 3 and 4 down the 3-4 vector (atom 3 nearest), the psi angle
ispositiveif the projection of the 2-1 vector istraced in aclockwise direction from the extension
of the 2-3-4 plane. However, if atoms 3 and 4 are the same type or chemical species, it would be a
matter of chance which oneistaken first, and therefore whether the psi angleis positive or
negative. Thusif the psi angleis other than zero it istaken to be positive and the number 3 and 4
atoms are switched if necessary to be consistent with thischoice. The displacement or s-vectors
have direction such asto increase the value of the psi angle. If the psi angleis zero, the s-vector
of the central or number 2 atom isgiven direction (sign) so that its z-component is positive; or if z
isnear zero, so that the x-component is positive; or if the s-vector isnearly parallel toy, so that
they-component ispositive.

For these reasons, negative valuesfor the angle limits have no meaning. Anglelimit values of
zerowill skip angletests..

Oneonly. If thisbox ischecked, one one psi coordinate will belocated for each central atom
(atom 2). Thisshould be used for aconfiguration such as CO3, for example. In this case,
assuming all the O atoms are equivalent and are the sametype, three psi coordinateswill be
located if thisbox isnot checked. Indeed, occasionswhen morethan one psi coordinateis needed
for agiven central atom must berare, if they exist at al.

Once specifications have been entered, the force-constant val ues and | east-squares flags may be
changedintheoverall Forces Lidt, accessible from the Control Window.

4.3.5 Manual Forces

Thisgroup of input dialogsisfor locating sets of bonds using individual generated atoms rather
than overall specifications based on type (atomic number) and length limits. For "automatic"
bond specification of the latter type, see Bond Force List. Thistype of bond isnot applicableto
crystalsor polymers.

Using thistype of forceswhen entering anew structure can be done graphically asfollows:

1) UsetheFile/New or Import options to enter data up to the point of entering forces, but do not
enter forces.
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2) Click onthe Calculate button. If there are no bond and angle forces specified afull
calculation will not be carried out - the calculation will be to locate atoms and do a symmetry
analysisonly. If the Atoms plot box in the Control Window is checked, adrawing with atoms, but
without bonds, will appear. Y ou can click on atoms successively to specify manual bonds and
angle, or you can use the type numbers of the atomsto enter the information in the Manual Forces
dialogs. To seethe generated atom numbersin the plot, go to the Atoms Plot Parametersdialog
(Params button in the dialog bar of the Atomswindow, or in the Settings menu) and sel ect
Numbersin the Labels group.

4.3.5.1 Manual Bonds

Dialog Box: Manual Bond ForcelList [Forcesmenu]

Thisisfor locating sets of bonds using individual generated atoms rather than overall
specifications based on type (atomic number) and length limits. For "automatic" bond
specification of thelatter type, see Bond Force List. Thistype of bond isnot applicableto
crystalsor polymers.

The upper list givesalist of the valence bond forces. The datafor each oneisinasinglelinein
the scrolling list or spreadsheet. To add anew entry, press the down arrow key whilethefocusis
onthelast row, or click the Add button. Thelower list givesthe specificationsfor each force
constant in terms of atom types - an unlimited number of specificationsisallowed (there must be
at least one).

Each entry in the upper list isan "fcon" or force constant - this pertainsto a set of actual bonds,
specified by thelist of pairs of atom numbersin the lower list. Thisset may or may not be
equivalent by symmetry, and whether or not aset of bonds conforms with symmetry isup to you,
when you specify theindividual atom pairs (automatic bonds specified in the Bond Force List
always conform with symmetry). All membersof asymmetry-equivalent set should beincludedin
onemanual bond inthislist, but one manual bond isnot limited to asingle symmetry-equivalent
set - there may be several chemically similar bondsincluded.

Thisisfor entering the specificationsfor standard valence bonds (not Urey-Bradley ligand-ligand
contacts - seethe Urey-Bradley Data dialog).

No. (number). Since bonds are alwaysfirst in the overall force constant list, this number isthe
same as the fcon number used in specifying interactions.

Force. Theforce constant, in md/A.
The Polarizability determinesthe contribution of the specified bond to the Raman intensity (see

Theory and Implementation). Generally avalue of 1.0 should be given to the most polarizable
bonds.

Nspc. Number of atom type specificationsfor thisbond (lower list).

LstSg. If thisbox ischecked, thisforce constant will be refined by least squares.
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Show. If thisbox ischecked, the bond will be shown in the Atoms Window.

The Atom number s in the specificationsin the lower list or spreadsheet must be the numbers of
actual generated atomsinthe molecule. These are best obtained from the Atoms Window - in fact
you can select bondsinvolving atomswhich have been clicked in succession with themouse. This
process, after aquery (), will bring up thisdialog. Generated atom numbers with coordinates can
also obtained from the Output Window. The numbers entered here are not necessarily the

Input Atoms as entered in the Input menu, although the lists of input and generated atomswill be
the sameif thereisno symmetry. If thereissymmetry, therewill be more generated atomsthan
input atoms.

Once specifications have been entered, the force-constant val ues and | east-squares flags for bonds
may be changed inthe overall Forces List, accessiblefrom the Control Window.

Badger'srule. Using thisrelationship can avoid having to specify different force constantsfor
different bond lengths, and may cut down drastically on the number of force constantsrequired
when bond lengths are variable. Thegeneral formusedis

F=1.86/ (d-d0)*3

Badger used this equation to relate distances and force constantsin different diatomic molecules,
and dO was a constant characteristic of certain combinations of rowsin the periodic table, but it is
used in VIBRATZ to relate the force constantsfor individual bonds of agiven typeto the different
individual distances. Thusin VIBRATZ d0isderived by solving the above equation when Fis
the overall force constant (the FCON entered in thisdialog) and d isthe average bond distance for
thisbond type. Then for individual bondsin thisgroup, Fisderived from theindividual d. The
entry "Badger" in the output givestheratio of the force constant for theindividual bond to the
overall force constant.

Note: Thefirst releasesof VIBRATZ V2.0 used an incorrect equation as "Badger'srule” for
valencebonds

F" = F (do/d) ~ n

Thisisactually the equation for variation of Urey-Bradley ligand-ligand repulsion forces. If you
selected "Badger'srule” variation previously, the corrected form will now be used, and the
exponent and base distancevalue (if used) entered previously will beignored.

4.3.5.2 Manual Angles
Dialog Box: Manual AngleForcelList [Forcesmenu]
Thisisfor locating sets of anglesusing individual generated atomsrather than overall

specifications based on type (atomic number) and length limits. For "automatic" angle
specification of thelatter type, see Angles. Thistype of angleis not applicable to crystals or
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polymers.

The upper list givesthe current 3-atom valence angle coordinates. The datafor each oneisina
singlelinein the scrolling list or spreadsheet. To add anew entry, pressthe down arrow key while
thefocusison thelast row, or click the Add button. Thelower list givesthe specificationsfor
each force constant in terms of atom types - an unlimited number of specificationsisallowed
(there must be at |east one).

Each entry in the upper list isan "fcon" or force constant - this pertainsto a set of actual angles,
specified by thelist of triplets of atom numbersin thelower list. Thisset may or may not be
equivalent by symmetry, and whether or not a set of angles conformswith symmetry isup to you,
when you specify theindividual atom triplets (automatic angles specified in the Angles dialog
always conform with symmetry). All membersof asymmetry-equivalent set should beincludedin
onemanual angleinthislist, but one manual angleisnot limited to asingle symmetry-equivalent
set - there may be several chemically similar anglesincluded.

No. Thisisthe number intheanglelist. Do not use this number for specifying automatic
interactions.

Fcon Thisisthe number inthe overall force constant list. Usethis number for specifying
automaticinteractions.

Force. Notethat angleforces may be specified in either in md-A orinmd/A. Thischoiceis
madewith the Unitsfor anglefor ces radio box (below).

Nspc. Number of atom type specificationsfor thisangle (lower list).
Lst Sq. If thisbox ischecked, thisforce constant will be included in | east-squares refinement.

Type. Caculationsbased oninternal coordinatesfor highly symmetric moleculestypically do not
need to consider angle-bending in more than one plane and there may be only oneinternal
coordinate or force constant per angle. When using Cartesian coordinates, especially in cases of
lower symmetry, it isoften necessary or convenient to include the completeforcefield, requiring
twointernal coordinates.

VIBRATZ supportsthree types of force constants for 3-atom valence angles - standard in-plane
forcesor internal coordinates, forces perpendicular to the plane of the bond, and forcesin two
perpendicular directions but with the same force constant. Standard in-planeforcesare
appropriatein situationsin which it isnot necessary to consider out-of-plane bending - for
examplein small moleculeslike H20, in which out-of-plane bending can beresolvedinto in-plane
bending and rotation of the molecule; or in casesin which bending is symmetrically degenerate
and only one of thetwo directionsiscalculated. In-planeforcesaoneare aso conventionally
used where thereis aredundancy of angle coordinates, such as X-C-X anglesin non-planar CXn
polyhedrawith morethan 3 X ligands. The second and third radio buttonsin this group are for
situationsinwhich it is necessary to consider forcesin more than one plane, which indeed isthe
general casein large moleculesand crystals. Out-of-plane 3-atom angle bending may beused in
many situationsin place of psi (bond-plane) angles (seethe CO3A example). If agivenangleis
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not 180 degrees and out-of-plane forces are to be considered, the force constantsfor in-plane and
out-of-plane bending are presumably different and two separate angle coordinates should normally
bedefined. Thethird option, which generatesforcesin two perpendicular directions, isprimarily
for 180 degree angles- i.e. linear configurations of three atoms (see the Ni(CO)4 and Fe(CO)5
examples). If theangleis 180 degrees, the actual displacement directionsare arbitrary. This
option will generate two coordinatesfor each angle. Seebelow for definitions of the displacement
or s-vectorsfor in-plane and out-of-plane coordinates and Forces - General Considerations for
further discussion of the sel ection of force-constant models.

Again, the out-of-plane angle forcesused in VIBRATZ may in some cases take the place of tau
and/or psi forcesused in cal culations on moleculeswith internal coordinates.

The Atom number s in the specificationsin the lower list or spreadsheet must be the numbers of
actual generated atomsinthe molecule. These are best obtained from the Atoms Window - in fact
you can select bondsinvolving atomswhich have been clicked in succession with themouse. Note
that when you click on three atoms defining an angle the central atom is second, but in thislist the
central atom isfirst. Thisprocess, after aquery (), will bring up thisdialog. Generated atom
numberswith coordinates can also obtained from the Output Window. The numbers entered here
are not necessarily the Input Atoms as entered in the Input menu, although the lists of input and
generated atomswill bethe sameif thereisno symmetry. If thereissymmetry, therewill be more
generated atomsthan input atoms.

Note that for Urey-Bradley forces, anglesinvolving adjacent ligandsfor therelevant polyhedra
(X-C-X angles) must be defined in thisdialog, even if there are not considered to be any true
valence bending forces. That is, the force constants for these angles specified in this dialog may
bezero.

Once specifications have been entered, the force-constant values and | east-squares flagsfor angles
may be changed inthe overall Forces List, accessible fromthe Control Window.

The Unitsfor anglefor ces radio buttons determine the units of force constants and the way they
areinterpreted. Force constantsfor bonds are alwaysin md/A (millidynes per Angstrom), but
thoseinvolving angles may be expressed in either of two ways- in md-A (per radian squared) or
inmd/A. Published values may be given either way, and it is absol utely necessary to choose the
appropriate option if such values are to be used or compared. See the Basic Parameters dialog
(Setting menu) for more details.

Orientation of coordinates for 180-degree angles and definition of in-plane and out-of-plane
coordinates. Anglesin the equilibrium position are always 0 to 180 degrees. In the case of 180
degreeanglesit isnecessary to specify arbitrarily the direction of the displacement or s-vectors
(see WDC, p. 54). For in-plane coordinates the s-vectors are obtained from the cross-product of
the bond vectors and the y-axis, or the cross-product of the bond vectors and the z-axisif the bond
vectorsare nearly parallel toy. Thisensuresthat thereisacomponent of displacement in the x-
direction, which may bethe only direction cal culated for many degenerate species (thisisthe
default direction selected by the basisfunctionsin most cases). Since the non-central atoms of 3-
atom angles are considered to beinterchangabl e (and these atoms are often of the sametype or
chemical species), the sign of the s-vectors must also be specified arbitrarily. If the s-vectors of
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the outer atoms (which areidentical for 180 degree angles) have asignificant z component, thisis
made to be positive; if the zcomponent isvery small, then x ismade to be positive, and if the s-
vectorsare nearly paralel toy, then the y-component is made to be positive.

For the out-of-plane coordinates of 180 degree angles, the s-vectorsare perpendicular to thein-
plane s-vectors and the bond vectors. The same procedureisused to determine sign asfor thein-
planecoordinates.

In the case of non-180-degree angles, the s-vectorsfor in-plane coordinates are obtained in the
standard way (WDC, p. 56), and the s-vectors for out-of-plane coordinates are perpendicular to
the plane of theangle. The signisdetermined as above.

After the solution of the secular equation and determination of atomic motions, it isnecessary to
resolvethe atomic motionsinto in-plane and out-of-plane angle bending, for partitioning of the
potential energy. In practice the displaced atom coordinates are projected onto two planes, one of
whichisthe original plane of the angle (if the angleisnot 180 degrees), and the other of whichisa
plane perpendicular to the plane of the angle, passing through the two non-central atoms. These
two projections givethein-plane and out-of-plane angl e changes, respectively.

Interactionsinvolving out-of -plane angle coordinates or either type of coordinatefor 180 degree
angles may be questionable because of the arbitrary direction and/or sign of the displacements.
Of coursethis depends on the particular geometry and symmetry.

Once specifications have been entered, the force-constant val ues and | east-squares flags may be
changedintheoverall Forces List, accessible from the Control Window.

4.3.5.3 Manual Tau

Dialog Box: Manual Tau (Torsion) AngleForcelList [Forcesmenu]

Thisisfor locating sets of tau anglesusing individual generated atoms rather than overall
specifications based on type (atomic number) and length limits. For "automatic” tau specification
of the latter type, see Tau (Torsion) Angles. The manual type of tau angleis not applicableto
crystalsor polymers.

The upper list givesthe current 4-atom tau angle forces. The datafor each oneisinasingleline
inthe scrolling list or spreadsheet. To add anew entry, press the down arrow key while the focus
isonthelast row, or click the Add button. Thelower list givesthe specificationsfor each force
constant in terms of atom types - an unlimited number of specificationsisallowed (there must be
at least one).

Each entry in the upper list isan "fcon" or force constant - this pertainsto a set of actual tau
angles, specified by thelist of quadruplets of atom numbersin the lower list. Thisset may or may
not be equivalent by symmetry, and whether or not a set of tau angles conformswith symmetry is
up to you, when you specify theindividual atom quadruplets (automatic tau angles specified in the
Tau (Torsion) Angles dialog always conform with symmetry). All members of asymmetry-
equivalent set should beincluded in one manual tau anglein thislist, but one manual tau angleis
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not limited to asingle symmetry-equival ent set - there may be several chemically similar angles
included.

No. Thisisthe number intheanglelist.
Fcon Thisisthe number inthe overall force constant list.

Force. Notethat angleforces may be specified in either in md-A orinmd/A. Thischoiceis
madein the Control window or the Basic Parameters dialog (Settingsmenu).

Nspc. Number of atom type specificationsfor thisangle (lower list).
Lst Sq. If thisbox ischecked, thisforce constant will be included in | east-squares refinement.

The Atom number s in the specificationsin the lower list or spreadsheet must be the numbers of
actual generated atomsinthe molecule. These are best obtained from the Atoms Window - in fact
you can select bondsinvolving atomswhich have been clicked in succession with themouse. This
process, after aquery (), will bring up thisdialog. Generated atom numbers with coordinates can
also obtained from the Output Window. The numbers entered here are not necessarily the

Input Atoms as entered in the Input menu, although the lists of input and generated atomswill be
the sameif thereisno symmetry. If thereissymmetry, therewill be more generated atomsthan
input atoms.

The sequence of atom numbers may bereversed - that is 1-2-3-4 isequivalent to 4-3-2-1.

Once specifications have been entered, the force-constant val ues and | east-squares flags may be
changedintheoverall Forces List, accessible from the Control Window.

4.3.5.4 Manual Psi
Dialog Box: Manual Psi (Bond-Plane) AngleForceList [Forcesmenu]

Thisisfor locating sets of psi angles using individual generated atoms rather than overall
specifications based on type (atomic number) and length limits. For "automatic" psi specification
of thelatter type, see Ps (Bond-Plane) Angles. The manual type of psi angleis not applicableto
crystalsor polymers.

The upper list givesthe current 4-atom psi (bond-plane) angleforces. Thedatafor each oneisin
asinglelineinthe scrolling list or spreadsheet. To add anew entry, pressthe down arrow key
whilethefocusison thelast row, or click the Add button. Thelower list givesthe specifications
for each force constant in terms of atom types - an unlimited number of specificationsisallowed
(there must be at |east one).

Each entry in the upper list isan "fcon" or force constant - this pertains to a set of actual ps
angles, specified by thelist of quadruplets of atom numbersin the lower list. Thisset may or may
not be equivalent by symmetry, and whether or not aset of psi angles conformswith symmetry is
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up to you, when you specify theindividual atom quadruplets (automatic psi angles specified in the
Ps (Bond-Plane) Andles dialog always conform with symmetry). All members of asymmetry-
equivalent set should beincluded in one manual psi angleinthislist, but one manual psi angleis
not limited to asingle symmetry-equival ent set - there may be several chemically similar angles
included.

No. Thisisthe number inthe ps anglelist.
Fcon Thisisthe number inthe overall force constant list.

Force. Notethat angleforces may be specified in either in md-A orinmd/A. Thischoiceis
madein the Control window or the Basic Parameters dialog (Settingsmenu).

Nspc. Number of atom type specificationsfor thisangle (lower list).
Lst Sq. If thisbox ischecked, thisforce constant will be included in | east-squares refinement.

The Atom number s in the specificationsin the lower list or spreadsheet must be the numbers of
actual generated atomsinthe molecule. These are best obtained from the Atoms Window - in fact
you can select bondsinvolving atomswhich have been clicked in succession with themouse. This
process, after aquery (), will bring up thisdialog. Generated atom numbers with coordinates can
also obtained from the Output Window. The numbers entered here are not necessarily the

Input Atoms as entered in the Input menu, although the lists of input and generated atomswill be
the sameif thereisno symmetry. If thereissymmetry, therewill be more generated atomsthan
input atoms.

The sequence of atomsinthelist (and as selected with the mouse) must be 1) outer atom defining
the"bond" of the bond-plane; 2) central atom; and 3) and 4) other atoms defining, with 2), the
plane. Atoms3) and 4) areinterchangeablein sequence.

Once specifications have been entered, the force-constant val ues and | east-squares flags may be
changedintheoverall Forces List, accessible from the Control Window.

4.3.6 Urey Bradley Data
Dialog Box: Urey Bradley Data [Forcesmenu]

Thisdialog gives some overall specificationsfor the Urey-Bradley model and provides accessto
thedatafor individual polyhedron typeand ligand-ligand pseudo-bond specifications.

Currently all Urey-Bradley information isautomatic, not manual, that is specificationsarein
terms of atom types and bond distance limits, rather than in terms of individual generated atoms.

Use of Urey-Bradley forces requires entering datain four separate places.

1) All central-ligand (C-X) bonds must be defined in the Bonds dial og.

© 2016 Shape Software



74 VIBRATZ Help

2) Theligand-central-ligand (X-C-X) angles corresponding to each ligand-ligand " contact” in each
U-B polyhedron must be definedinthe Andles dialog. Thisistrue evenif there are considered to
be no valence angle forces apart from those which are derived from the U-B ligand-ligand bonds,
sincethere are always derived U-B angleforces and these must be added to any valence angle
forces. Thusthelist of angles should be complete, including the atom typesinvolvedinall X-C-X
angleswhich correspond to X-X contact, and excluding angles which do not correspond to X-X
contact. Inan octahedron, for example, the 90 degree angles should be included, but the 180
degreeanglesshould not.

3) TheU-B polyhedrathemselves must be defined inthe Urey-Bradley Polyhedron Specification
dialog, accessiblefromthisdialog (upper list).

4) TheU-B ligand-ligand (X-X) "bonds" must be defined inthe Urey-Bradley Ligand-
Ligand Bond Specification dialog, accessible from thisdialog (lower list). Theseare defined
throughout the structure (all U-B polyhedra), not just for individual polyhedra

Onceyou have specified the U-B polyhedraasin 3) above, you may select the Derivefrom
Angles button - thiswill derive al the U-B ligand-ligand (X-X) "bonds" asin 4) from thelist of
valence angles asin 2) above. Thelist of X-X "bonds" will need to be edited, if only to insert the
proper force values - distance limits may also need to berevised. The upper distancelimitisjust
calculated from the upper limitsin the angle specification.

Thethreeradio buttons at the top of the dialog specify the way the "internal tension” kappaand
thelinear force constants F and H' are handl ed.

(a) If the F' derived from kappa option is selected, H' force constants are set to zero and the
values of the F' force constants are calculated from the formulafor kappa. (b) If the Usegiven F'
option is selected, the valuesfor F' are entered along with valuesfor F in the Urey-

Bradley Ligand-Ligand Bonds dialog. Inthiscase, or if (c) the F' =-0.1 F optionisselected, the
H' values are derived from kappa and F' using the formulafor kappa. See Urey-Bradley Forces -
Theory for more explanation of these options.

Print out derived valencefor ces. Thoseforcesinthe Urey-Bradley/Shimanouchi model which
are not of the conventional quadratic nature (namely F' and H') must be converted to quadratic
pseudo-valenceforces. Thisresultsin additionsto the C-X bond forces, X-C-X angleforcesand
C-X bond-bond, bond-angle and angle/angle interactions. These are added to any forces of these
typeswhich may be defined independently of the Urey-Bradley forces(Urey-Bradley forcesare
those arising from the interactions of the ligands with each other). If thisbox ischecked, there
will be aprintout in the Output file (and the output window if selected) of therelevant forces. If
these forces are then added to any true valenceforces, and explicit Urey-Bradley forcesare
removed, theresults should be exactly the same.

4.3.6.1 Urey-Bradley Polyhedron Specification

Dialog Box: Urey-Bradley Polyhedron Specification [Urey-Bradley Data dialog, Forces
menu]

Thisdialog givesthe definition of each type of Urey-Bradley polyhedron. Thecentra-ligand
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bonds must be defined inthe Bonds dialog, and the ligand-central-ligand angles corresponding to
each ligand-ligand " contact" must be definedinthe Andles dialog. Theligand-ligand "contacts' or
"bonds" aredefined in the Ligand-Ligand Bond dial og, accessable from the main Urey-

Bradley Data dialog.

Thesame Central atom typenumber should not be used for more than one polyhedron
specification, evenif coordination numbersaredifferent. Thusit may be necessary to define more
than one atom type (Atom Types dialog in the Input Menu) for agiven chemical element. For
example, aluminumin silicates often occursin both tetrahedral and octahedral coordination, and
carbon may occur in various coordinationsin moderately complex molecules. Type numberssuch
as 13 and 113 for aluminum, and 6, 106 etc. for carbon can be assigned in such cases.

Coordinationnumber may range from 2 to 8.

The Ligand atom types list does not require atype for each individual ligand, only the types
necessary toincludeal ligands. For example, if all ligands are of type 8, the number 8 should be
entered only once and other boxes should be blank.

The Kappavalueisthat in the approximation of Urey-Bradley forces by Shimanouchi. Once
specifications have been entered, the force-constant value and | east-squares flag for kappamay be
changedintheoverall Forces Lidt, accessible from the Control Window. Kappaisused only for
4- and 6- coordinated polyhedra, which are assumed to be at | east approximately tetrahedral and
octahedral, respectively. If you are dealing with a4- or 6- coordinated polyhedron whichisnot
approximately tetrahedral or octahedral respectively (for exampletetragonal planar), kappa
should normally be set to zero. Setting kappaequal zero is equivalent to using afirst-order
approximation to the angul ar redundanciesin the polyhedron, instead of second-order. Note,
however, that in planar configurationsthe second-order termsvanish anyway.

Maximumdistance. Any atomsbonded to the central atom at greater than the specified distance
will not beincluded in U-B forces. If thevalueis0.0, no test will be applied.

See Urey-Bradley Forces - Theory for more details on theimplementation.

4.3.6.2 Urey-Bradley Ligand-Ligand Bond Specifications

Dialog Box: Urey-Bradley Ligand-Ligand Bond Specifications [Urey-Bradley Data dialog,
For cesmenu]

Specificationsfor Urey-Bradley ligand-ligand "bonds" are similar to thosefor valence bonds
(Bondsdialog) except for the secondary force constant f'. Thisvalueisused only if the second
model (Usegivenf') inthemain Urey-Bradley Data dialogisselected.

The specifications given in thisdialog apply throughout the structure, and not to any specific U-B
polyhedron type. For example, inthesilicate garnet crystal structure in which there are three
different cations, with coordination numbers of 4, 6 and 8, but only one anion, oxygen, asingle U-
B bond oxygen-oxygen specification could conceivably be applied to all three polyhedra.
However, the O-O distancesdiffer greatly and it is probably advisableto assign different force
constantsto different ligand-ligand distances.
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Once specifications have been entered, the force-constant val ues and | east-squares flags may be
changedintheoverall Forces List, accessible from the Control Window.

Distancedependence. Using thisoption can avoid having to specify different force constantsfor
different ligand-ligand bond lengths, and may cut down drastically on the number of force
constants required when bond lengths are variable. Accordingto thisrule, therepulsion force
constantsinvolving two specific types of atomstend to berelated according to

F = F (do/d) ~

whered isthe actual bond distance, dO isareference distance, typically the average distance for
thistype of bond, and n isthe exponent, usually about 9. In VIBRATZ, the force constant Fis
specified in thisdialog and may be subject to |east-square refinement, and F isapplied to a
particular bond. The reference distance dO may be the average for this particular bond
specification (determined at runtime), or it may be afixed value which you enter. Neither the
exponent nor the fixed reference distance are subject to | east-squaresrefinement. The correction
factor (F/F) applied for each ligand-ligand "bond" is given in the output in the column under "d-
factor".

Thisrelationship is applied to the main UB ligand-ligand "bond" force, that isF =f. If the
secondary UB forcef' isdependent on themain forcef, as specified inthe main Urey-
Bradley Data dialog, it isderived from the adjusted value of f. If the secondary UB forcef' is
independent, it isnot subject to adjustment.

Thisdistance dependence wasincorrectly referred toininitial releasesof VIBRATZ V2.0 as
"Badger'srule" - see Bonds and Manual Bonds for Badger'srule as applied to valence bonds.

See Urey-Bradley Forces - Theory for more details on theimplementation.

4.3.7 Interactions - Manual

Dialog Box: Interactions- Manual [Forcesmenu]

Thisdialog isfor specifying interactionsinvolving tau (torsion) or psi (bond-plane) angles, or
involving bonds or 3-atom angleswhich do not share atoms. Theindex number of each individual
generated coordinate (bond or atom) must be known, which can only be done by carrying out a
preliminary cal cul ation and obtaining the numbersfrom the printout. Again, thisoption specifies
interactions between individual specific generated bondsand angles (including tau and psi), rather
than types, asin the Interactions- Automatic option. Of courseif the specifications of the
primary force constants are changed so that the numbers change, the Manual Interactions may be
invalid.

For interactionsinvolving bonds and 3-atoms angles which share atoms, it isusually easier to use
the Interactions - Automatic option.

The upper list givestheinteraction forces. Thedatafor each oneisinasinglelineinthe
scrolling list or spreadsheet. To add anew entry, pressthe down arrow key while thefocusison
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thelast row, or click the Add button. Thelower list givesthe specificationsfor each force
constant in terms of pairsof primary coordinates - an unlimited number of specificationsis
allowed (there must be at |east one).

No. Thisisthe number inthe automatic interaction list.
Fcon Thisisthe number inthe overall force constant list.

Force. Theforce constantsfor interactions may be entered either in variable units (md/A for
bond/bond; md for bond/angle and md-A for angle/angleinteractions) or in constant md/A. The
choice between the two types of forceismadein the Control window or the Basic Parameters
dialoginthe Setting menu. Seethat dialog for the details of cal culation using the two types of
units, and formulasfor interconversion of force constants.

Nspc. Number of atom type specificationsfor thisinteraction (lower list).
Lst Sq. If thisbox ischecked, thisforce constant will be included in | east-squares refinement.

Specifications (lower list). Inthefieldslabeled Coor1 and Coor 2 you must enter the numbers of
two generated coordinates (bondsand angles) - not coordinate typesor fconsaslisted in the
dialogs of the Forces menu. The generated coordinate numbers must be obtained from the
printout of a preliminary calculation - these numbers are in the sections below "Internal
CoordinatesGenerated”.

Note : thereiscurrently alimit of 50 coordinate pairs per force constant.

For examples of thistype of interaction specification, seethe samplefilesBENZ.VBR and
NI(CO)4.VBR

Certain types of interactions may be questionabl e because of the arbitrary direction and/or sign of
the displacements. Thisincludes: 1) out-of-plane coordinatesfor non-180-degree 3-atom angles;
2) either in-plane or out-of -plane coordinates for 180-degree 3-atom angles; and/or 3) psi angles
for planar configurations (psi angle=0). Of course this may depend on the particular geometry
andsymmetry.

Once specifications have been entered, the force-constant val ues and | east-squares flags may be
changedintheoverall Forces Lidt, accessible from the Control Window.

4.3.8 Interactions - Automatic

Dialog Box: Interactions- Automatic [Forcesmenu]

Thisoptionwill automatically locate interactionsinvolving bondsand 3-atom valence angles
sharing one or two atoms. It cannot be used for interactions involving tau or psi 4-atom angles, or
bonds and 3-atom angles which do not share atoms. For these other types of interaction, use the
Interactions - Manual option.
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Theleft upper list givestheinteraction forces. Thedatafor each oneisinasinglelineinthe
scrolling list or spreadsheet. To add anew entry, pressthe down arrow key whilethefocusison
thelast row, or click the Add button. Theright upper list givesthe specificationsfor each force
constant in terms of atom types - an unlimited number of specificationsisallowed (there must be
at least one).

No. Thisisthe number inthe automatic interaction list.
Fcon Thisisthe number inthe overall force constant list.

Force. Theforce constantsfor interactions may be entered either in variable units (md/A for
bond/bond; md for bond/angle and md-A for angle/angleinteractions) or in constant md/A. The
choice between the two types of forceismadein the Control window or the Basic Parameters
dialoginthe Setting menu. Seethat dialog for the details of cal culation using the two types of
units, and formulasfor interconversion of force constants.

Nspc. Number of atom type specificationsfor thisinteraction (lower list).
Lst Sq. If thisbox ischecked, thisforce constant will be included in | east-squares refinement.

Type. Thetype, or Sharingcode specifieswhich atoms are shared, according to the diagrams
below. The small dot denotes atomswhich are shared. Note that the number of atoms shared,
either one or two, distinguishesamong several type of configuration, and that the code number
increases as the sharing becomes more "remote" and presumably lessimportant. The most
common types of interactions have code zero (the default), and thusit is seldom necessary to
actually specify thisnumber.

Bond/Angle 0?9 O‘iﬂg og,@—o
o %58, %3, I o

AngMin/AngMax. Theminimum and maximum anglelimitsapply inonly two (common) cases
- bond/bond interactions and angle/angle interactions with ashared leg (same central atom). The
angleisbetween thenon-shared legs. Theselimitsmay be needed, for example, in distinguishing
different typesof interaction in octahedra. They do not apply to angle/angleinteractionswith
only the central atom shared. If thelimitsare zero therewill be no testing of angle values.

Specifications (right upper list). The numbers of the two primary force constants or types of
internal coordinates (bonds or 3-atom angles) must be entered inthe Prim21 and Prim2 edit boxes
at theleft. The bonds or angles of the primary coordinates may share either one or two atoms,
whose types must be given in the second two boxes (Com1 and Com?2). When only oneatomis
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shared, the second number must be zero. Thetypesarethose giveninthe Atom Typeslist, which
aretypically atomic numbers, not the sequence numbers of the |nput Atoms.

Thelist box at the bottom of the dial og gives the fcon number, atom types and force constant for
the current bond and 3-atom angle force constants. The Prim1 and Prim2 entriesin the the
interaction specifications must be taken from the fcon numbers, and the Com1 and Com2 entries
must be taken from the corresponding atom typesin thislist.

Interactionsinvolving 1) out-of-plane coordinatesfor non-180 degree angles; or 2) either in-plane
or out-of-plane coordinates for 180 degree angles, may be questionable because of the arbitrary
direction and/or sign of the displacements (see

Once specifications have been entered, the force-constant val ues and | east-squares flags may be
changedintheoverall Forces Lidt, accessible from the Control Window.

4.3.9 Read/Write force file

This option allows reading and writing the force specifications in a file. This is mainly for
transferring forces from one structure (.vbr file) to another.

4.3.10 Cartesian Atomic Forces from File

Dialog Box: Cartesian Forcesfrom File [Control window: Forcesmenu]

VIBRATZ can use either valenceforces, or Cartesian atomic forces. If one of the UseCartesian
forces radio buttonsis checked, amatrix of Cartesian atomic forcesisread in, and any forces
entered in the dialogs of the Forces menu areignored. This matrix must contain x, y and z entries
for each atom listed inthe"All Atomsin Unit-Cell/Molecule" section of the output; that is, all
atoms, not just asymmetry-unique set, must beincluded. The matrix should bein lower-diagonal
form, and the number of entries per linein thefileisnot important. The total number of entries
should be 3n* (3n+1)/2.

The Raman intensities are based entirely on changesin bond lengths using the bond
polarizabilitiesassignedinthe Bonds dialog (Forces menu). Thusthe UseCartesian forceswith
bonds radio button must be selected if Raman intensities are to be calcul ated, and appropriate
bonds must be defined inthe Bonds dialog of the Forces menu. The force constants entered for
bonds areignored in this case, i.e. the bond forces are not used at all.

Factor toapply. Thismultipliesevery element of the Cartesian force matrix prior to the
calculation. If the Cartesian matrix isin units other than md/A, this can be the scaling factor (e.g.
15.56914 to convert from Hartrees/Bohr2). If the Cartesian matrix isfrom amolecular orbital
calculation (e.g. GAUSSIAN) there may be an overall bias, which can be counteracted with this
factor.

The scalefactor will berefined in aCalculation by the step-by-step | east-squares method if any
|east-squares option is chosen when one of the Use Cartesian Forces option is selected in this
dialog. Thisisall that will berefined in that case. Of course you must have
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observed frequencies to do this.

4.3.11 Write Cartesian File

Dialog Box: WriteCartesian File [Control window: Forcesmenu]

Thiswritesthe current forcesin the form of amatrix, exactly asrequired in the previousdialog
(Cartesian Atomic Forces from File).

4.3.12 Convert Cartesian to Internal

Dialog Box: Convert CartesiantoInternal [Control window: Forcesmenu]

This option convertstheforcesin a Cartesian matrix, from afile specified in the

Cartesian Forces from File dialog, to valenceforces as specified in other dialogsin the For ces
menu. When the conversion iscompleted, you have the option of replacing the current valence
force constants with the derived values, and the results will be printed at the end of the output in

the Output Window.

The order of atomsin the Cartesian force matrix must correspond to the generated atomswhich
are printed in the output. 1f you intend to use the Cartesian force output from a molecular-orbital
program, it may be necessary to use the atoms generated by VIBRATZ asinput to that program,
asthe sequence of generated atomsin VIBRATZ isdictated by symmetry.

Thisconversion will be valid only to the extent that you have specified a complete set of forcesin
the other dialogs of the Forces menu. The actual force constants entered in these dialogswill not
be used in the conversion; any such valueswill be replaced at the end of the calculation, at your
option. However, itisprobably best to do apreliminary frequency cal cul ation using the valence
forces with nominal force-constant values, just to be sure that there are no non-zero frequencies (if
there are, theforces areincomplete). Also, you cantest that VIBRATZ that the conversionis
correctly functioning by writing a Cartesian force file, and using that asinput.

Seethe Import GAUSSIAN Filedialog for a step-by-step exampl e of the procedure for importing
and converting amolecular-orbital file.

Using aUrey-Bradley forcefield for conversionisvalid, but may lead to anomalousresults. The
strong correl ation between angle and ligand-ligand forces may result in negative force constants
for either.

4.3.13 Export File for SIESTA or VIBRATOR

Thisdialog is used when exporting data either for SIESTA, the DFT program for cal culating
forces by molecular-orbital methods, or itsauxiliary program VIBRATOR which can useforce
output from VIBRATZ aswell as SIESTA to calculate crystal vibrational dispersion relationships
(not just kappa=0 or gamma-point vibrations).

The export of datawhen setting up a SIESTA calculation is covered in the section on
importing SIESTA files. Briefly, thisexport option writesa.fdf filewhich containsthe unit cell
and atom locations, but usually the SIESTA cal cul ation parameterswill have to be edited in that
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file.

Theremainder of this section describesthe output for VIBRATOR, for complete dispersion
calculationson crystals.

TheVIBRATOR auxiliary program in the SIESTA package can calculate frequenciesfor all
phonons, not just optical vibrations at kappa=0 (the gamma point), but it does not do symmetry.
VIBRATZ can can set up supercells and cal culate a Cartesian force-constant matrix for input into
VIBRATOR. Thisisdonewiththe Export filesfor VIBRATOR optioninthe Forces menu.
The output will be a.fdf filefor input into VIBRATOR aswell asa.FC (Cartesian forces) file
with the same name. VIBRATOR inputs a .fdf with most of the same parameters asrequired for
SIESTA, but with some additions. Y ou must specify in the Export filesfor VIBRATOR diaog
the number of unit cellsto be added in each crystal or polymer axisdirection. Adding one unit
cell inall threedirectionswill give 27 total unit cells; adding two will give 125 total cells, etc.
Thefile name by default is myfile_vibrafdf. The .fdf file will have an arbitrary or sample
"%block BandLines" section which specifiesthe pointsor linesin reciprocal - or k-spaceto be
calculated. Thesewill likely not be appropriate for your particular problem and will haveto be
modified - this can be done with aword-processor. Other modificationsto the .fdf file may be
necessary.

VIBRATZ can also export a.fdf file with supercell specificationsfor calculation by SIESTA of
theforces (.FCfile) for later usein VIBRATOR. For thisyou must specify the Export datafor
SIESTA option and give the number of extraunit cellsin each axisdirection. Theresulting .fdf
filewill work in SIESTA, but will need to bemodified for usein VIBRATOR.

4.4 Settings Menu

Thishasto do with various operational parameters, and what and how derived dataare printed
out or displayed in the various windows

Basic Parameters  This specifies some general operating parameters.

Listing This specifieswhich particular results of each calculation are printed in the Output
fileand window. Thisdiaogisalso accessiblefrom the Control Window.

Select Mode This selects which vibrational modeis shown in the Atoms Window. This
dialog isalso accessible from the dialog bar of the Atoms Window.

Atom Plot Parameters This specifies parameters for the Atoms Window for graphics display
of the structure.

Spectrum Plot Parameters This specifies parameters for the Spectra Window.

SaveDefaults This saves most of the optional parameters specific to individual structures.

Read Defaults Thisreads the file containing the optional parameters specific to individual
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structures.

Cursor Mode In the Atoms Window, thisswitchesbetween the Atom | dentification mode,
and the Rotate mode. In Atom ID (identification) mode, clicking ontheleft mouse button will
identify atoms- see Atomsat Cursor. In Rotation mode, clicking and dragging rotatesthe
structure. In most of the window, rotation will be around they and z Cartesian axes, in the plane
of the screen. Clicking and dragging near the left or upper edgeswill rotate about the z axis,
perpendicular to the screen.

4.4.1 Basic Parameters

Dialog Box: Basic Parameters [Settingsmenu]

The For ceconstants radio buttons determine the units of force constants and the way they are
interpreted. Force constantsfor bondsare awaysin md/A (millidynes per Angstrom), but those
involving angles may be expressed in either of two ways- in md-A (per radian squared) or in
md/A. Published values may be given either way, and it is absolutely necessary to choose the
appropriate option if such values are to be used or compared.

Using md-A isthemore"natural” in terms of the calculations - to use md/A everywhereitis
necessary during cal culation to multiply the angle force constants entered by two bond lengths. In
the case of 3-atom valence anglesthisis straightforward - the two bond lengths are simply the two
legs of theangle. However, for tau and psi anglesthere are three bond lengths, and for
interactionsinvolving these angles asmany as six bond lengths could beinvolved. Selection of
two bond lengths from among all the possibilitieswould be arbitrary. Therefore the approach
takenin VIBRATZ when the universal md/A optionischosenisto multiply together all nbond
lengthsin all anglesinvolved, take the nth root, and multiply the s-vectorsfor the angle coordinate
by thisfactor. When the internal coordinates are converted to Cartesian forces, these s-vectors are
multiplied together. Thustheresult isto multiply the entered force constants by thefollowing
factors:

f (angle) = squareroot (d1* d2* d1*d2)= d1* d2

f (angle/angle) = squareroot (d1* d2* d3* d4)

f (bond/angle) = squareroot (d1* d2 )

f (tau or psi) = cuberoot (d1* d2* d3* d1* d2* d3) = cuberoot ( d1"2* d2"2* d3”2)

Thisgivesthe possibilities excluding interactionsinvolving tau or psi, which are more complex.

In the case of angle/angleinteractions, one pair of distances may be the sameif onelegisshared,
or all four may bedifferent. In bond/angle interactionsthe two bond lengths are those of the legs
of the angle, and the length of the bond does not enter unlessit isalso aleg of the angle. Because
force-constant specificationsin VIBRATZ may involve morethan one specific symmetry-unique
bond or angle (internal coordinate), or combinationsthereof in the case of interactions, it will not
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always be possible to use the above formulas to convert from one system of unitsto the other.
However, by narrowing the specifications so that each appliesto only one specific bond or angle
(and its symmetry equivalents) an exact conversion should be possible. Bond lengths and angles
may be examined with the Coordination option in the Input Atoms dialog (1nput menu).

The unitsfor kappaforce constantsin Urey-Bradley models are always md-A - thisis unaffected
by the units setting.

Thefollowing three settingsin thisdia og invol ve scaling of atomic motions, which influencethe
calculation of intensities and | east-sgquare adjustment - they have no effect on the cal culation of
frequencies.

Atomicdisplacementsrepresent radio buttons. First, the eigenvectors of the normal equations
are divided by the atomic masses, to give actual atomic motions; the square-root of the masses, to
give mass-weighted normal coordinates; or not at all (raw eigenvectors). Thefirst optionisthe
normal one, the others being used only for special purposes.

Normalizephoton ener gy to radio buttons. For comparison between compounds and among
vibrations of asingle compound, the motions are then scaled by apportioning the energy of a
photon in either of two ways; to a constant number of atoms, nominally 100, or to the actual
number of atomsin the molecule or unit cell.

Scaleatomicdisplacementsby factor. After normalization, the motionsare multiplied by an
arbitrary factor, entered in thisedit box. The calculation of intensities, especially Raman, assume
that atomic motions are small in relation to interatomic distances.

If the photon energy is normalized to 100 atoms, then this scale factor should bein the
neighborhood of 0.1. Factors much larger than this may result in motions which violate the
assumptions of the calculations (next paragraph), and factors much smaller may cause inaccuracy
because the motions may become smaller than the gereral level of precision of atom locationsand
other factors. Oneway of checking the accuracy of the cal culated atomic motionsis by selecting
least squares (Control window) and comparing the " Frequency recal culated from atomic motions'
with that calculated directly from the secular equation (see Output).

When forces are very weak, atomic displacements may be large enough to cause inaccuracies.
Thisisespecialy likely for modesthat are due to or dominated by torsion forces. If the
"frequency recalculated” for such modesisvery different from the observed frequency it may be
necessary to reduce the scaling factor.

Atomic motionsshowninthe Atoms window are scaled by afurther factor, in the

Atom Plot Parameters dialog (Setting menu) or in the Dialog Bar attached to the Atomswindow
itself. Thisfactor hasno effect onintensities. The "average" or non-polarized Raman intensity as
shown in the output window aswell asthe Spectrawindow isalso influenced by two additional
parametersin the Spectra Plot Parameters dialog (Setting menu).

Initial rotationangle. The rotation angle in the Atoms window can be reset at will, but theinitial
or default valueisset in thisdiaog.
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Sort modesin final list. Thefinal list of frequencies can be sorted in descending order of
frequency either by speciesor including all modestogether. When sorted by speciestheresult is
often, but not always, the same as standard numbering schemesasvl, v2, etc.

Sound at end of calculation. If thisbox ischecked, asound will be emitted at the end of the
calculation.

The. WAV filenamed inthe Soundfile edit box will be played. If thefile cannot be found or the
system does not support multimedia sounds, the system sound will be emitted. Some sample.wav
filesareinthe\SOUNDS folder

The system sound isemitted.

Filenamefilteringin Open Filedialogs(Macintosh). When you want to open afile, itis
usually best if the Open File dialog showsonly the type of file you want, rather than every single
fileinthe current folder. Every Macintosh file other than an application or program file hastwo
four-character keywords or signatures - the Creator and the Type, and it is standard practice for
Macintosh programsto use these to filter the file names shown in the Open Filedialogs. Themain
datafilesfor Vibratz have Creator 'VIBR' and Type TEXT".

If the"Main datafiles(\VBR) - show only Creator ='VIBR'... " box is checked, Vibratz use
the Creator tofilter file namesfor the File/Open dialog. If you only use the Macintosh, this box
can usually be kept checked. Filesfrom the IBM-PC (DOS or Windows) versions of Vibratz
normally have Creator ‘dosa, so thiswill not work - the Vibratz datafileswill beinvisible. If you
usefilescreated on the IBM-PC, you will need to uncheck this box.

Many other types of auxiliary datafiles are used by Vibratz (see Types of Files), and it is not
practicableto assign adifferent Type and or Creator to each of these. Atom-coordinate datafiles
may beimported from other systems, not just IBM-PC, and such fileswill not have
distinguishable signatures. However, it isfairly standard in non-Macintosh systemsto use athree
character file-name extension to distinguish different typesof files. Thusif the"Useextensions
(.XXX) for import and other secondary datafiles" box ischecked, only thosefileswith the
appropriate extension will be shown. If not, al Type="TEXT filesare shown. Y ou can change
the extension for each type of import file when you select import of that type of fileinthe File
Menu.

4.4.2 Listings
Dialog Box: Listings [Control Window; Settingmenu]
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Thisdialog controlswhat appearsin the Output file, and the output window (if display of the
window isselected inthe Control windows).

4.4.3 Select Mode

Dialog Box: Select Mode [Dialog Bar, Atomswindow; Settingmenu]
Thediaog allows selection of the vibrational mode which appearsin the Atomswindow.

Themodeis selected by double-clicking on the desired linein thelist box, or by clicking the Select
M ode button - simply selecting aline with asingle-click does not set the mode. The selected
modeiswritten out below thelist box.

Secondary atoms are atoms outside the primitive unit cell which are needed to show all bonds
and angles (i.e., those bonds and angleswhich cross unit-cell boundaries) in crystalsand
polymers. Secondary atoms are not used in molecules. If present, they may be marked with a
triangle, or omitted entirely.

4.4.4 Atoms Plot Parameters

Dialog Box: AtomsPlot Parameters [Control Window; Settingmenu; AtomsWindow
DialogBar]

This specifies aspects of the Atoms graphicswindow (see Operation - Windows, Menus), showing
theatomsand their displacementsin the chosen mode.

Thisplot israther rudimentary, with little attempt to give a"three-dimensional" appearance. A
more sophisticated plot may be made with the program ATOMS - for thisit is necessary to save
aMOT file (Control Window). See below for more on the nature of the motion vectors.

Atomsaredrawn asfilled circleswith the specified Radius. Notethat all atoms have the same
radius and that the radii specified inthe Atom Types dialog are use only for discriminating among
bond lengthsinthe Coordination option, not in the Atoms Window. Only the bonds specifiedin
the Bonds dialog (For ces menu) are drawn - angles are not drawn. The atomic displacementsin
the current mode are shown aslinesor vectors. Therelative magnitude of the displacement is
shown by the distance along the vector from the atom surface to the end of the vector.

Secondary atoms are atoms outside the primitive unit cell which are needed to show all bonds and
angles (i.e., those bonds and angles which cross unit-cell boundaries) in crystalsand polymers.
Secondary atoms are not used in molecules. If present, they may be marked with atriangle, or
omittedentirely.

The Titleiswritten along the bottom of the windows and givesinformation about the current
modesel ected.

Atom labels. Either the name, or input atom label, or the atom number, asin thefinal generated
atomslist, may be shown. Adjust the size with the Font button.
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Show unit cell. For crystals and polymers the primitive unit cell is shown asabox, drawnin
front of all the atoms. Thisisthe primitive unit cell, not the Bravais cell, so the edges are not
necessarily parallel to the crystal axes. The unit cell isnot shown if there are no lattice
tranglations (Title/Axes dialog).

Scaletofraction of window. Theimageisscaled by making thelargest dimension of the
structure (furthest distance of any atom from the center, doubled) equal to the specified fraction of
the shortest dimension of the graphics area (window, frame or page). Thisscaling appliesto
atomic centers and does not include the atomic radius or the displacement vectors

Arrowhead on Vectors. Why don't the motion vectorsin VIBRATZ have arrowheads on the
ends? Drawings of atomic motionsin vibrational modes usually have arrowheads on the ends -
but only if the vectors are close to being in the plane of the drawing. If themotionis nearly
perpendicular to the plane of thedrawing, "+" and "-" symbolsaretypically used instead. Using
an arrowhead in this case might wrongly indicate motion in the plane. These symbolsmay be
placed on the atoms or next to them, depending on where open spaceisavailable. Making a
finished drawing, choosing when to use arrowheads and when to use symbol s and whereto place
the symbols, is something that a human can do much more easily than acomputer program - the
computer results would in fact be unsatisfactory in many cases. Thusthe VIBRATZ drawings
can be used unchanged, if asimplelineis adequate to represent motion, or asthe basisfor dightly
more el aborate drawings with arrowheads and/or symbols.

The program ATOMS can read the .mot file written by VIBRATZ and draw motion vectors with
arrowheadsin amuch more"3-dimensional” way - that isas cylinders and cones, even when in the
2-dimensional or " Standard" (non-OpenGL ) drawing mode. Thesevectorsare much morelikely to
be satisfactory without modification than simplelinesand arrowheads.

445 Spectra Plotting Parameters
Dialog Box: SpectraPlotting Parameters [ Settings menu]

Thisdialog sets parameters for the Spectrawindow.

Gaussian linewidths. Gaussian half-widths of infrared and Raman modesin plotted spectrum
(default 25 cm-1 for infrared and 10 cm-1 for Raman).

Minimumtransmission,infrared. (Default 1.0). Thisonly applieswhen the I nfrared mode
(below) isResonance down. A value of 1.0 will give an absorbance spectrum. A small value
(0.1 or less) will mimic an optically dense sample and will accentuate weak peaks and truncate
strong ones. Thisvalue affects only the shape of the IR spectrum; the maximum absorption is still
normalized to the samevalue (that is, decreasing this value won't cause the spectrum to

disappear).

Atomicmotion scalingfactor. Thisfactor affectsthe calculated atomic motions before
intensities are calculated. Thisfactor also appearsin the Basic Parameters dialog; seethat dialog
for other factorswhich affect the magnitude of atomic motions.
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Ramanintensityfactors. These are the coefficientsfor theisotropic or spherical (alpha) and
anisotropic (beta) components of the polarizability tensor, as described in WDC Ch. 3, p. 47; they
areonly used in spatially averaged Raman spectra. Default values are 45.0 and 0.1, which have
been found to give areasonable approximation to silicate glass and powdered crystal spectra.

Maximumintensities. These arethefull-scaleintensitiesfor the plots of infrared and Raman
spectra, respectively. If they are set to zero (or left blank), the plots will be scaled so that the
maximum intensity isfull scale. Full scalewill be half thewindow or page height if both infrared
and Raman spectra are shown, and full height if only oneisselected. Note that absolute
intensities depends on the atomic-motion scaling parameter above aswell asthe method of
normalization selected in the Basic Parameters dial og in the Settings menu.

Infrared mode. If resonanceisdown, the spectrum mimics the usual absorption spectrum and
the Minimumtransmission parameter applies. If resonanceisup, asfor FTIR, ssimple gaussian
lineshapesare used.

Horizontal scalefactor. Thisisused only if the plot must have afixed scale in wavenumbers
per inch. If thisvalueiszero, the plot will be scaled horizontally to fill the window.

The Minimumand Maximumwavenumber arethe starting and ending values shown in the plot.
The necessary maximum valuemay bevery different depending on the compound; especially
whether or not hydrogen is present.

If the Print title and/or Print species boxes are checked the relevant information will be printed at
the top of the plot.

The components shown in the cal cul ated spectra, whether polarized components or average, and
whether an individual speciesor al species, are selected in the Dialog Bar which resideson the
upper edge of the Spectrawindow itself.

NRVS Parameters. See Spectra Window for details of NRV'S spectra.

Read Observed. With thisyou can read digital or digitized spectral datafor display in the
SpectraWindow.

The PED cur ves section sets the FCONs which contribute to each curve in the PED (potential
energy distriibution) section of the Window (if selected with the PED checkbox inthe

Spectra Window). The numberswhich are entered in each edit box are the FCON numbers from
thelistings of theforce in the various dial ogs of the Forces menu, or from the Force List called
fromthe Control Window. There may be up to 20 FCONsin each curve - the numbers may be
separated by spaces, commas or semicolons.

The contributions from each FCON in each mode are those which appear in the printed Output, in
the part label "Bnd En/Gp" and the like. These contributions are summed up during calculation,
so if there are any changesin this dialog, the Calculation must be repeated. The contributions
from each mode are given a Gaussian shape with the specified linewidth and summed up at each
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frequency.

The colors of the curves can also be set, by entering the red, green and blue components as
numbersfrom 0to 255. The curvesare plotted in reverse order (4-3-2-1).

Asselected inthe M ode combo box, the energy distribution curves can be shown either asraw
fractions (just asin the printed output), or multiplied by the calculated intensities for any of the
spectra, infrared, Raman or NRVS. Theraw fractions curves are applicable to all modes (in
species selected in the Speciesdial og in the Input menu), whether they have significant intensity or
not. Thistype of curve may be ambiguouswhen modes are very closetogether. The specified
Linewidth isused for the raw fractions mode, but for the infrared, Raman or NRV S the
respectivelinewidthsfor theseindividual spectraare used.

Contributionsto the energy (frequency) from interactions may be negative which in turn means
that the coefficient for even asingle mode may be more than one (the contributions are fractions
which sum to one for each modein the raw fraction option). Generally the baseline (zero) will be
obviousfrom the part of the spectrum where there are no modes.

4.4.6 NRVS Parameters
Dialog Box: NRVSParameters [Settingsmenu, Spectra Plotting Parameter g]

See Spectra Window for details of NRV S spectra.

Thefile name from which the current NRV S observed (if any) has been read is shown.

Read button. Thiswill read afile with the datafor an observed NRV S spectrum. Eachlinein
the file must be adata point. The energy in meV should bein thefirst column (first number on
eachline), and you can specify which column containsthe actual scattering intensities.

Divideby frequency. The peak heightsin experimental NRV S spectraare inversely proportional
to energy or frequency, but this dependence on frequency issometimesremoved in data
processing. If thisbox ischecked, the spectrum will show thefraction of kinetic energy intheiron
atoms, divided by frequency, asinthe"raw" data. Note that the NRV Svaluesin the Output are
not divided by frequency.

Normalization. This specifies how the valuesin the observed data (entered by reading afile,
above) are scaled or normalized to give an overall match to the observed. Thefactorsor
coefficientsfrom the last redraw of the Spectra Window are shown below the options. There are
currently threeoptions:

--- Maximum tofull. Thisappliesasingle scale factor to make the maximum valuein the
observed equal to the maximum value of the calculated. Note that the maximafor the calculated
and observed do not necessarily occur at the same mode or frequency.

--- Integrated Intensity. Thisappliesasingle scale factor to the observed to make the total
intensities, cal culated at each of the wavel engths specified by the minimum and maximum
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frequencies and the frequency interval, equal. Observed valuesareinterpolated if necessary, and
maximum and minimum may be taken from the observed if these do not extend asfar asthe
specifiedfrequencies.

--- Fixed factor. The specified factor is applied to the observed.

Lineshape. Thetheoretical lineshapeisLorentzian, but broadening of various kindstypically
produces alineshapethat iseffectively Gaussian. TheVoigt lineshapeisaGaussian convolution
of Lorentzian lines - an approximation to it isused in many real-life situationsin which the
lineshape must befitted rather closely. If Voigt ischosen theintensity contribution from agiven
modeissimply alinear combination of Gaussian and L orentzian terms, with thelinewidthin
common between thetwo terms. Gaussian in Voigt isthe fraction applied to the Gaussian term -
thisfractionisapplied to al modes. See P. Thompson, D.E. Cox, J.B. Hastings, J. Appl.
Cryst. 1987, 20, 79, for details of this approximation to the VVoigt profile.

Usedashesin black/white. The observed curve may be drawn dashed in black-and-white output,
with the specified repeat length and dash/blank ratio.

Show barsonly. If thisbox ischecked, the calculated curve will not be shown, only the bars.
The specified Normalization option will still be used, comparing the observed to the cal cul ated
curve.

Orientation to show in SpectraWindow. Thiscould bethe spatial average, or any of three
other orientationsif present (usually x, y and z). Thiscan be changed in the Spectra Window
itself

Observed spatial aver age spectragroup

This controlstheinput of observed spatial average NRV S spectrafor multipleisotope
configurations. Theisotope configurationsthemselvesare set up in the | sotopes -

M ultiple Spectr a dialog, accessed with the | sotopes button in the Control dialog or from the
Input menu.. That dialog also controlswhether each of the configurationsis cal culated and
refined by least-squares. Y ou can read afile or delete the datafor each configuration. Inthe data
files, frequency is expected to bein column one, and the datain the column specified in the Read
fromcolumn field to theright.

Observed spectrafor orientationsgroup

This controlsthe observed dataand parametersfor different orientations of asingleisotope
configuration (just now, only thefirst or main configuration). The Read and Delete buttons
operate as for the spatial average data, and the Read from columnfield applieshereaswell.

Whenthe Nor malization mode is set to Fixed factor, the Scalefactor entered herefor each
orientation isused instead of the Fixedfactor entered inthe Normalization setting. If the
orientations differ from the Cartesian axis orientation used by VIBRATZ (which can be changed
withthe Pre-Calculation Rotations option in the Input menu), the Theta (angle of the x axisfrom
the z axis) and Phi (angle of the plane of they and z axes from the x axis) values can be changed.
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The default values of thetaand phi are: x - 90,0; y - 90, 90; z - 0, 90. The angles values should
be checked to be sure that bad val ues have not got in somehow.

Thefirst or Averagelineinthisgroup isessentially the sasme asthe 1so configuration 1-mainin
the Obser ved spatial aver age spectra group - the Read and Delete buttons operate on the same
data, and changing the Scale value also changes the Fixed factor valuein the Normalization
group and vice-versa.

At themoment it isassumed that either spatially-averaged datafor different isotope
configurations, or orientation datafor thefirst or main isotope configuration, will be refined by
least-squares, but not both. Thisis controlled by the Refine drop-down box in the

Control Window.

TheNRV Sfractionsfor all orientationsincluding the average can be obtained in asingle
calculation (solution of the normal equations), so the frequency intervalsarerequired to bethe
same (that isthereis only one set of frequenciesfor all orientations). When anew fileisreadin,
if the frequencies do not agree within 0.1 cm-1 at the maximum frequency of the new data, the
observed intensitieswill belinearly interpolated. Y ou can choose whether to usethe frequency
intervals of the new data or of the old. It isassumed that frequency intervals are uniformin each
spectrum.

4.4.7 IXS Parameters
Dialog Box: IXSParameters [Settingsmenu, Control Window]

This sets parametersfor the calculation of Inelastic X-Ray Scattering intensities. The calculated
spectrum appears in the Spectra Window, and the output may be sent to afile with the Spectral
Data Text File option inthe FileM enu of that window.

Y ou must specify the location of the calculation in reciprocal space, that isthe Q-point or k-point.
This can be done by giving the indices of a central zone (uvw) and a 2-thetavalue, or actual
indices, which may befractional. The choiceismadein theradio box to theleft, and this
determineswhich of the setsof indicesisused.

If you select the Zone and 2-theta, then the actual indiceswill be given in the Spectra Window; or
if you select the actual I ndices, then the 2-thetawill be cal culated and shown in the Spectra
Window.

The Basefrequency (in cm-1) determines where the calculations starts. Thetwo width valuesare
for the half-width at half height for either Gaussian or Lorentzian lines. Y ou set widthsfor zero
frequency and 1000 cm-1 and the width of each modeisinterpolated based on thelocation of the
peak. If thewidth at 1000 cm-1iszero it will be set equal to the width at zero cm-1.

The calculation uses a singleisotropic Debye-Waller (temperature) factor for all atoms- thisis
not affected by the Temperature value.

Lineshape. Thetheoretical lineshapeisLorentzian, but broadening of various kindstypically
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produces alineshapethat iseffectively Gaussian. TheVoigt lineshapeisaGaussian convolution
of Lorentzian lines - an approximation to it isused in many real-life situationsin which the
lineshape must befitted rather closely. If Voigt ischosen theintensity contribution from agiven
modeissimply alinear combination of Gaussian and L orentzian terms, with thelinewidthin
common between thetwo terms. Gaussian in Voigt isthe fraction applied to the Gaussian term -
thisfractionisapplied to all modes. See P. Thompson, D.E. Cox, J.B. Hastings, J. Appl.
Cryst. 1987, 20, 79, for details of this approximation to the VVoigt profile.

The Read Obser ved button calls up the Read Observed Spectra Data dial og.

4.4.8 Read Observed Spectra Data
Dialog Box: Read Observed SpectraData [ Settingsmenu, Spectra Plotting Parameter s]

Thisisfor reading digital or digitized datafor actual spectral curves, for display in the Spectra
window. Toinput the numerical observed frequenciesof individual modes, see
Observed Wavenumbers in the Input Menu.

I sotopeConfigurations spin control. Y ou can read spectrafor up to three
I sotope Configurations. The base configuration is number 1.

The spectrum in which the datawill be shown isselected in the Read datafor combo box. The
dataare expected to be in atext file, with the frequency in thefirst column - select the frequency
scalewith the Units radio box. The actual absorption (resonance) values may bein any of
columns 2-6, as selected with the Datain column spin control. If afile contains datafor more
than onetype of spectrum, you will haveto read the file more than once, selecting different
columns.

The Infraredresonance may be up, asusualy shown in FTIR, or down, as usually shownin
absorption spectra. Y ou must select this correctly on reading thefile - although you can select
display as up or down in the Spectra Parameters dialog, that affects both observed and calculated
datatogether.

Y ou can Subtract abaseline or background value from the input spectrum. If minimum is
selected the lowest valuein the entire spectrum (or highest if I nfrared Resonance isdown) is
subtracted.

Thefilesfrom which the current values were read are shown at the bottom of the dialog.

45 Rotation Menu

Thismenu is present only when the Atoms Window isactive, and pertains only to the orientation
of the structure as displayed in that window. The Pre-Calculation Rotation option in the Input
menu is used to rotate the structure before cal cul ation, to insure consistency with the basis
functions - this should not be used to orient the view of the structure in the Atoms Window.

Cartesian Axes Rotate the structure around the Cartesian reference axes.
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Structure Axes Rotates around directions specified in the coordinate system attached to the
structure.

Remove Rotations Will remove all rotations made in this menu and with the buttonsin the
Atoms Window.

Align on Face or Vector Will align acrystal face to be parallel to the screen or paper, or avector
to beperpendicular.

Current Orientation Givesthe direction of the structure axesin the Cartesian reference system.

Continuous Rotation Will automatically rotate the structure around one of the reference axes by
aspecifiedangle.

45.1 Rotate on Cartesian Axes

Dialog Box: Rotateon Cartesian Axes [Rotation Menu - Atoms window only]

Thisrotates the structure any of the Cartesian reference axes: x coming straight out towards the
observer, y in the plane of the screen or paper pointing to the right and z upwards.

Each timeyou click the Rotate button, arotation is added to a master rotation matrix; the number
of such rotationsislisted at the bottom of the dialog box. When you have finished rotating, click
the Done button and the master rotation matrix is applied to the structure. If you click Cancel, no
rotations are applied.

45.2 Rotate on Structure Vector

Dialog Box: Rotateon StructureVector [Rotation Menu - Atomswindow only]

Thiswill rotate about arational structure direction [uvw], regardless of the current display mode
or orientation of the structure. If you are drawing amolecule and have used Cartesian reference
axes, therotation direction is simply avector with the coefficientsu, v and w in the original
molecule axisdirectionsa, b and c. Theindices or coefficientsrefer to a coordinate system fixed
with respect to the structure (always rotating with it). Theindices must beintegers, but thisis not
abar in practice to rotation about irrational vectors, since the indices may take very large values.

Each timeyou click the Rotate button, arotation is added to a master rotation matrix; the number
of such rotationsislisted at the bottom of the dialog box. When you have finished rotating, click
the Done button and the master rotation matrix is applied to the structure. If you click Cancel, no
rotations are applied.

45.3 Remove Rotations

Dialog Box: Remove Rotations [Rotation Menu - AtomsWindow only]
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Thiswill counteract all rotations made by the dialogsin the Rotation menu aswell asany made
on-screen with buttonsin the dialog bar of the Atoms Window, and take you back to the standard
orientation which isused in the symmetry analysis. Thisstandard orientation includesany Pre-
Calculation Rotations (1nput menu) - that is Pre-Cal cul ation Rotations are not removed.

See Orientation for areview of standard orientation.
4.5.4 Align Face or Vector

Dialog Box: Align Faceor Vector [Rotation Menu - Atomswindow only]

Thiswill rotate a specified crystal face (hkl) to lieflat in the screen or paper (face-normal parallel
to x observer), or avector (uww) to be perpendicular to the screen or paper. To align aface, itis
also necessary to specify avector lying in the face which will be vertical in the screen or paper (z
direction). Conversely, to align avector, it is necessary to specify aface, containing the vector,
whose normal will bevertical. If avector [uww] liesin aface (hkl), theindices satisfy the
condition hu + kv + lw = 0.

Y ou can elect to use the default alignment vector or face, instead of specifyingit. The default
vector will betheintersection of the face (hkl) with the face (100), whose indices are given by the
cross product (hkl)x(100). If the face (hkl) is (100), the default alignment vector will be the vector
[001]. For aligning avector the agebraisjust the same, with interchange of face and vector.

When dealing with amolecule or polymer, using a Cartesian axial system, thisrotation option can
be used to obtain aview down agiven vector direction. Usethe vector alignment option, although
when the structure axes are Cartesian the two cases of aligning aface or avector areidentical.
After specifying theinitial vector or view direction, if you do not accept the default you must then
give another vector, in place of the "faceindices’, which is perpendicular to thefirst vector, and
whichisto bevertical (z direction). If thetwo vectors are at right angles, their coefficients or
"indices' multiplied together (the vector dot product) should equal zero asin the above condition
for avector lying in aface.

455 Current Orientation

Dialog Box: Current Orientation [Rotation Menu - Atomswindow only]

This givesthe current orientation of the structure in terms of the structure vectorslying in the x
(reverseview direction) and z (vertical) Cartesian reference axes.

45.6 Continuous Rotation

Dialog Box: ContinuousRotation [Rotation Menu - Atomswindow only]

Thisoption will rotate the image about any of the three Cartesian reference axes, by the given
incrementindegrees.

The Timedelay isthe delay after theimageisfinished before redrawing is started again. The
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timerequired to draw theimageisnot included in thisvalue. For maximum rotation rate set this
to zero.

Pressing any key or mouse button will halt the rotation.

4.6 Window Menu

Thismenu allows you to switch between the different active windows, in case any are not visible.

Font. Thisappliesonly to Text Windows (see Operation - Windows, Menus). It brings up a
standard font dialog. All text in thewindow is affected.

4.7 Help Menu

VIBRATZ Help Topics. Bringsyou to the Contents section of this Help system. Individual
dialogshave Help buttons which bring up the pertinent topics.

About VIBRATZ. Version number and copyright notice.
5 Operation - Special Topics

Common Problems - Troubleshooting

Frames

Making Symmetry (.sym) Files

Orientation

Output, Printed
Reading Old VIBRAT Files

Types of Files Used by VIBRATZ

5.1 Common Problems - Troubleshooting

Whenever problems are encountered, thefirst thing to check isusually the generation of atoms by
symmetry. Thegenerated atomsareinthelist All Atomsin Molecule/Unit Cell sectioninthe
printed Output. If the number of generated atomsiswrong, or if their coordinates are wrong,
check the Input Atoms, the Atom Types and the Symmetry.

It may be that theinput atom coordinates are not consistent with the symmetry matrices. If the
misorientation is caused by arotation about the z-axis, this can be corrected in the [ nput Atoms
dialog.

Atom coordinates are often simple fractions by symmetry - that is 1/2, 1/3, 1/6, etc. Atomswith
such coordinates arein special positions, and may be generated by more than one symmetry
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matrix. VIBRATZ must apply numerical teststo determine whether atoms are duplicated, and the
decimal coordinates entered must be precise enough for thesetests. They should be givento the
5th decimal place - e.g. enter 0.66667 for 2/3, not 0.667.

Wrong number of modesin individual species or overall. Besurethat all boxes are checked in
the Species dialog before theinitial calculation. For crystals, it may be that space group is not
oriented correctly with respect to the basis function used for symmetry analysis. Thisismost
likely if the Custom Symmetry optionisused, and thisisalso possibleif this symmetry optionis
used for molecules. See Orientation and/or Space-Group Symmetry for details. Thissituation is
corrected by supplying rotationsin the Pre-Cal culation Rotation dialog (Input menu). Actually,
thereisonly asmall number of possiblerotations of thistype. Monoclinic crystals (or molecules)
must have the unique axis parallel to z (or the mirror plane perpendicular to z), and for crystalsin
the second setting (unique axis = b) the required rotation is-90 degrees on x. Some tetragonal
crystals may need to be rotated 45 degrees on z, and some trigonal and hexagonal crystals may
need to berotated 30 degreeson z.

All frequencies are zero. See Wrong number... above. Be sure Atom Types are correct, i.e. that
the numbersgivenfor Input Atoms match thosein the Atom Types list.

Some frequencies are zero. Normally thisisaresult of an insufficient number of force
constants. First, check the output to seeif the forces specified in the dialogsin the Forces menu
have actually been located correctly. If zerointernal coordinates are located for agiven
specification, an error messageis printed, but if the number located isincorrect thereisno special
indication. If you are surethat thereis asufficient number of bonds and 3-atom angles, then it is
probably necessary to add out-of -plane 3-atom angle coordinates, Tau forcesor Psi forces.
Generally, if agiven atom iscentral atom to only one 3-atom angle, it is necessary to have some
other type of forceinvolved. Itiseasy to add 3-atom bending forces perpendicul ar to the plane of
theangleinthe Angle Force Datadialog; simply select the Both... radio button. If this solvesthe
problem, aseparate force constant can be defined if desired. 180 degree angles should probably
alwaysusethe Both... option, that ishave bending coordinatesin two perpendicular directions.
In some cases the second coordinate is superfluous, but its presence does no harm.

Calculated frequencies differ from published (calculated) values by a large amount. The choice
of unitsfor angle force constants must be consistent. It iseasy to changethisin the
Control Window.

Calculated frequencies differ from published (calculated) values by a small amount. If the
choice of unitsfor angleforce constantsismd/A (not md-A), there may still be small differences
because of different choices of bond lengths used to convert unit. If the bond lengths used are
specified in apublished calculation, it is safer to convert the published force-constant valuesto
md-A. Small differences may also arise from different choicesfor atomic weights, which are
seldom given in published work. If natural isotopes are used and two or more are present in
significant abundance, some observed absorption or reflectance bands may show acomplete
splitting while others may represent an average (see Atom Types).
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5.2 Frames

With printed output from the Atoms or Spectra windows, you have a choice of using thefull
page, or confining the graphics output to aframe. For Raster Files and Metafiles [Windows] or
PICT files[Macintosh] (File menu) output always goesto aframe. Thisapplies either to the
spectrum plot or to the atoms plot

In printed and pen-plot output, the frame can be positioned on the page; the offset givesthe
displacement of the upper left corner of the frame from the upper | eft corner of the page.

For Raster Files and Metafiles or PICT files you can choose the unitsfor the size and offset of
the window; either inches, centimeters or dots (pixels), and for Raster Filesyou can al so specify
the nominal dots per inch or centimeter.

Theimageisscaledto the framein theway specified in the Spectra Plot Parameters or the
Atoms Plot Parameters (Settings menu).

5.3 Making Symmetry (.sym) Files

All the.SY M filesfor the non-crystall ographic point groupsin the Point-Group Symmetry dialog
areinthe/SY M directory or folder, which should be directly beneath (or inside) the directory or
folder containingthe VIBRATZ.EXE file. Thesefilesmay be consulted asexamples.

FileFormat

All dataisread in afree-form manner (no restriction of thefieldsto particular columns), the
variousfields being separated by spaces. Thefollowing descriptions givestheinput in terms of
lines, but infact line breaks are disregarded.

Thefirst line contains four fields; the point-group |abel; the centric/non-centric flag; the number of
Cartesian symmetry matrices; and the number of symmetry species. The label should contain no
blanks. The centric flagisOif the group is centric and non-zero if non-centric. If thegroupis
centric, the center should not be present in the matrices - that is, only half of the total number of
matrices should begiven.

Following this are the Cartesian symmetry matrices, nine floating-point numbers per matrix. For
clarity it isbest to enter these three per line, with blank lines between matrices. These can be
taken directly from the output of the SY MGRP program (see below).

Next cometwo lineswhich indicate which species contain theinfrared and Raman polarization
components.

Thelinefor infrared has 3 pairs of numbers, the first number of each pair indicating the number
of the species, and the second number indicating the x, y or z polarization components, with
numbers 1, 2 or 3 respectively.

Likewisetheline for Raman has 6 pairs of numbers, the first number of each pair indicating the
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number of the species, and the second number, from 1 to 9, indicating the Raman polarization
component; the choicesare xx, yy, 2z, Xy, Xz, yz, XX+yy, XX-yy, XX+xx+zz and 2zz-xx-yy
respectively. Of course componentssuch as"xx" are often given as"x2".

Now come the datafor each speciesin succession, with four or more linesfor each species.

Thefirst linefor each species containsfour fields, the species|abel, the degeneracy, the number of
basi s functions and the total number of termsin the basisfunctions. Degeneracy is3for T
species, 2 for E specieswith non-complex characters, and 1 for "doubly-degenerate” E species
with complex charactersand all A and B species. The number of functions should be equal to the
true degeneracy of the species, whichis 2 for all E species.

The second linefor each species contains flags for pure translation and rotation, in the order x, y,
z trandlation, x, y, z rotation (6 numberstotal).

Thethird linefor each species consists of triplets of integer numbers giving the exponentsfor x, y
and z in each term of the basisfunctions - these exponents apply to al the basisfunctions. There
should be as many triplets asthere are numbers of terms specified in speciesline 1 above. The
individual exponents can be aslarge as 8, but the sum of exponentsin each termisalso limited to
8 (i.e. maximum is 8th order).

Finally, the fourth set of linesfor each species containsthe coefficientsfor each term, in each
basisfunction. There should be as many lines asthere are basis functions specified in speciesline
1 above, and each line should have as many coefficients arethere aretotal terms.

The arrangement of termsin the basisfunctionsisimportant, because the matrix of coefficients
must be inverted, as asquare matrix. If there are n functionsand m terms, and mislarger than n,
only theleftmost ntermsin each function are used in thisinversion (although all terms must
alwaysbe entered in thisinput). Theterms should be arranged so asto give anon-singular n by n
matrix on theleft. Todothisitisusually sufficient to make sure that diagonal terms are non-
zero. For example, consider the pair of basis functions xx-yy and 2xy, which are common for E
species. Lines3and 4 could be entered as

200 020 110
1 -1 0
0 0 2

but disregarding the last term and taking the square matrix of coefficientsontheleft givesa
singular matrix, since thereisno longer any information from the second function. Thetermsin
this case can be arranged as follows (although other arrangements are possible):

200 110 020
1 0 -1
0 2 0

The completed.sym file should be placed in the/SY M directory or folder, which should be directly
beneath (or inside) the directory or folder containing the VIBRATZ.EXE file. Thisfolder
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containsall thefilesfor the non-crystall ographic point groupsin the Point-Group Symmetry
dialog, and these files may be consulted as examples.

Derivation of Symmetry M atrices.

The easiest way to provide Cartesian symmetry matricesisto use the program SY MGRP,
provided with VIBRATZ (also with ATOM S and SHAPE Professional). In principle, the
symmetry matrices can have any orientation, provided the basisfunctionsfor the species (next
section) are consistent with thisorientation. In practice there may be difficultieswith non-
standard orientations, such asthefact that VIBRATZ is not set up for any arbitrary mixtures of
Cartesian coordinates - for example only certain Raman polarization components may belisted. It
isbest to conform to the standards given in the Orientation section.

Polynomial BasisFunctionsfor Species.

Provided a character table for the desired group isavailable, it isusually possible to specify the
first and second order basis functionswhich are the infrared and Raman polarization components,
since these are a standard part of thetables. Since only the specieswhich contain these
polarization components are activein theinfrared and Raman, thisinformation sufficesto
calculate the modes which can be observed in the spectra. The character tablesin the book
Symmetry and Spectroscopy (D. C. Harrisand M. D. Bertolucci, 1978, Dover) also givesthe
third-order functionsrepresenting the f atomic orbitals (except for icosahedral groups). Thisbook
also gives character tables for groups with axes up to order 10. Note that these functions often
assume a certain orientation of the symmetry elementswith respect to the reference axes - seethe
previoussection.

The basisfunctions beyond third order for the non-crystall ographic point groupsin the Point-
Group Symmetry dialog were obtained with a program which steps sytematically through possible
basis-function terms up to the desired order (VIBRATZ currently accepts 8th order), and derives
the complete functionswith the projection-operator technique. Thisprogram requiresasinput the
complete charactersfor the group, aswell asthe symmetry matricesin the same order asin the
character table.

5.4 Orientation

Crydal-Cartesian conversion. For crystalsthe mutual orientation of the crystal axes with the
Cartesian axes used in the cal culation must be specified. The c crystallographic axisisparallel to
z, and the b crystallographic axisisin the y-z plane (& = x). If non-Cartesian axes are used for
molecules (which may be convenient for trigonal and hexagona symmetry), the conversionisthe
same.

Symmetryelements. The basisfunctions used for symmetry analysisin VIBRATZ require that
symmetry elements have a standard orientation asfollows. Any unique axisisparallel toz. Note
that thisincludesthe two-fold axisin monaoclinic. If agroup contains mirror planes parallel to the
unique axis and does not contain perpendicular 2-fold axes, one mirror planeis perpendicular to x.
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If perpendicular 2-fold axes are present, one of them is parallel to x and other mirror planesand
2-fold axes are disposed accordingly. Cubic groups have 3-fold axes on the cube body diagonal.
Icosahedral groups have one 5-fold axis parallel to z and an adjacent 3-fold axisin the x-z plane.

The standard symmetry orientation may affect input in three ways.

First, for point groups, input atom coordinates may not be consistent with the orientation of the
symmetry matrices. Usually thisisamatter of rotation about the z axis, and thereis an option to
rotate the input atoms about z in the |nput Atoms dialog (Input menu).

Second, some space groupsin standard settings do not have the orientation specified above. The
atom coordinates may be entered for the standard space-group settings, but for proper symmetry
analysisit isthen necessary to rotate both the symmetry matrices and the atoms to attain the
VIBRATZ orientation. The particular space-groups affected are given in the Space-

Group Symmetry dialog. When Space-Group Symmetry isselected, usually VIBRATZ
automatically supplies the appropriate rotations to the Pre-Cal culation Rotations dialog, but it
may sometimes be necessary to specify theserotations, for exampleif the Custom Symmetry
optionisused. All calculated Output, such as atomic displacements and spectral intensities,
assumesthe orientation after the Pre-Cal cul ation Rotations.

Third, if aspecial symmetry fileis provided for apoint group which is not one of those provided
inthe Point-Group Symmetry dialog, the basis functions given in that file must be consistent with
the symmetry matrices and the polarization components also in that file, but the orientation does
not have to bethe VIBRATZ standard (see Making Symmetry Files).

Orientationin Atomsgraphicswindow. The orientation of reference Cartesian axesin this
window isx pointing directly out of the screen or paper, towards the observer; y horizontal to the
observer'sright; and z vertical. Inthedialog bar of the Atoms Windowsitself, and in the
Rotation menu which is present when thiswindow is active, there are optionsto rotate the image
of the structure and the atomic displacement vectors. The original or base orientation for this
imageisthat attained after the Pre-Calculation Rotations. Any rotations of thisimage have no
effect on the calculations; they are al erased every time acalculation is made.

5.5 Output, Printed
Output - Printed to the file infile.VBD and shown in the Output window

This section describes the main computational output of VIBRATZ, whichiswrittento afile
caled infile.VBD, if infile.VBR isthe name of the input datafile. If the Window radio buttonin
the Output File group of the Control Window is checked, this output is shown on screenin a Text
window (see Operation - Windows, Menus, Dia ogs).

Thefirst line contains the version and release date of VIBRATZ and the date and time of the
caculation.

Thefilename and thetitle (Title/Axes dialog, Input menu) are on the next two lines.
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Uselatticevectors. Thisshowswhich of the axes a, b and ¢ (or X, y and z) have lattice
tranglations - non-zero indicates presence of translation. Molecules should have all zerosand
crystalsall ones (Title/Axes dialog, Input menu).

Cell Parameters. For amoleculethe axes are normally 1.0 and the angles are 90.0 (Title/Axes
dialog, Input menu).

Pre-Calculation Rotations. These are the rotations on the x, y and z Cartesian axes which are
required to bring the structure and symmetry matricesinto proper orientation for symmetry
analysis. The Final Atom List and detailed results for each mode are all given for the orientation
attained after these rotations (Pre-Cal cul ation Rotations dialog, | nput menu).

Point or Factor Group. The Schoenflies symbol for the point or factor group. Whether centric
or acentric is printed on the next line. If apoint group iscentric, only half of the symmetry
operatorsin the next group will be given (Symmetry dialog, Input menu).

Symmetry Operators. Inthe case of space groups and crystallographic point groups, this gives
the symmetry operationsin International Tables or "xyz" form (Symmetry dialog, | nput menu).

BravaisCell Type. For acrystal, unlessthisisP, the unit cell whichisused by VIBRATZ is
not the Bravais cell but the primitive cell (Symmetry dialog, Input menu).

P-Cell Vectors. For acrystal or polymer, this givesthe primitive unit-cell edges or axesin terms
of the conventional or Bravais cell axes (Symmetry dialog, Input menu).

Input Atoms. Thisgivesthelabel, type and coordinates for the input atoms, untransformed by
the Pre-Calculation Rotations (Input Atoms dialog, Input menu).

Atom Types. Thisgivesthe atomic weightsand chargesfor the atom types used in the input
atom list (Atom Types, Input menu).

Symmetry Matrices(Cartesian). Thisgivesthe symmetry matricesin Cartesian form, which are
the input matricesfor non-crystallographic point groups (Symmetry dialog, | nput menu).

All Atomsin Unit Cell or Molecule(StructureCoordinates). Thisgivesall theatoms
generated by symmetry, untransformed by the PreCal cul ation Rotations, and in the case of
crystals, infractional coordinate on the original axes.

P-Cédll Vectors(Cartesian, rotated). Thisgivesthe primitive unit-cell vectorsin transformed
Cartesian coordinates (for crystals c = z, a = x), rotated by the PreCal culation Rotations.

Internal CoordinateTypes. Thissection givesthe specificationsfor theinternal coordinates
and interactions thereof, or valenceforces. Thisisbasically aprintout of the data entered in the
dialogsof the Forces menu. Wherethere is more than one specification for agiven internal
coordinate or force constant, the specifications are simply given one after the other, with the same
"Fcon" or force constant number (dialogs of Forces menu).
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Internal CoordinatesL ocated. Thisgivesthe completelist of individual bondsand angles, and
interactionsthereof, which have been |ocated according to the given specifications. Ineach group
arelisted the number of theindividual bond, angle, or interaction, the input force constant (Fcon)
number and the actual atomsinvolved. Two types of atomsarelisted, primary and secondary, and
inthe case of crystalsor polymersthese may be different (for molecul es the secondary atoms are
exactly the same asthe primary atoms). The secondary atoms are those outside the unit cell
which are necessary to specify acomplete list of bonds and angles; they are related by lattice
tranglation to the corresponding primary atoms. These numbersrefer to the Final Atom List
given below. For bonds, one or the other of the two atoms must bein the unit cell; for 3-atom
angles, the central atom must bein the unit cell; for tau angles one of the two middle atoms must
beinthe unit cell, and for psi anglesthe central atom (number 2) must bein the unit cell. For
interactions, the Primary Coordinate numbersrefer back to thelist of bonds and angleslocated
(from which the common atoms may be determined).

Final Atom List (Cartesian) - Rotated, Translated. Thisgivesall the atoms generated by
symmetry, transformed by the PreCal culation Rotations, and for crystals and polymers, any
secondary atoms outside the unit cell needed to complete the specified bonds and angles. These
atom coordinates are al so translated to put the center of gravity of the molecule or unit cell
(primary atomsonly) at the origin of coordinates. The atomic displacementslisted below inthe
Calculated Mode section aswell asthe symmetry coordinatesin the Symmetry Analysis section
apply to thislist, and to this orientation, not to the orientation of the input atoms or that of the
non-rotated molecul e/unit-cell list above.

AtomicDisplacement Parameters. Thisgivestheway the atomic displacements are normalized
and rescaled, as specified in the Basic Parameters dialog (Setting menu).

Symmetry AnalysisSection

For each species, this givesthe starting parameters including the basis functions; the full-matrix
representations; and the Cartesian symmetry coordinates.

Thefirst line givesthe species|abel, the degeneracy, the number of basisfunctions and total
number of termstherein, and the trandl ations and rotations present. Thelatter are giveninthe
order trandlations on x, y and z and rotationson x, y and z.

Exponents give the exponents on the x, y and z coordinates in each term used in the basis
function for thisspecies. Eachtermisshown asatriplet of exponents. The Coefficient matrix
then givesthe coefficients on each term, in each basisfunction. Actually, thissection givesthe
complete basisfunctions, in nlinesif there are n functions, showing all m terms (the matrix uses
only theleftmost n by nterms).

Representations givesthefull-matrix representation derived from the original symmetry matrices
(Cartesian symmetry matrices above), although of coursethereis only one number for A and B
Species.

Finally the Symmetry coor dinates givesthe Cartesian symmetry coordinates obtained by
transforming in turn the x, y and z coordinates of each input atom. Thefirst line of each
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coordinate givesthe starting atom number and the x, y or z, and succeeding lines givethe
tranformed coordinates, intermsof x, y and z coordinates on the symmetry-derived atoms (in the
All Atomsin Unit Cell or Molecule List). Several components may be given per line, with
asterisks separating them.

L east-Squar esSection.

Thereduction factor and end criterion (Control Window) arefirst listed.

For each cycle, the average deviation and average squared deviation of the calculated from
observed, the determinant of the least-squares matrix, and the new, derived values of theforce
constantsare given. |If the average squared deviation (not the average deviation) isworse than the
last cycle, or if the change isless than the end criterion value (Control Window), the processis
halted, and in the first case the force-constant values revert to those of the last cycle. Theforce
constants are listed across the window or pagein order of the "coord.” number givenin the
Internal CoordinateTypes listsabove.

If Correlation Coefficients are selected in the Listings dialog, they are printed out in lower
diagonal form, omitting diagonal elements:

21
31 32
41 42 43

that is21, 31, 32, 41, 42, 43 and so on. Only the force constants selected for |east-squares
adjustment appear here. Normally, absolute values of correlation coefficients must bevery close
to 1.0 (say 0.95 or greater, very roughly) to indicate significant interdependency of theforce
constants.

Calculated M ode Section.

Each speciesis headed by the Specieslabel followed by the number of modes. The polarization
componentsfor infrared and Raman are al so given. Modes arelisted within speciesin decreasing
order of frequency.

Thefirst linefor each mode (marked by "#####") givesthe overall sequence number, the calcul ated
frequency inreciprocal centimeterswith observed frequency in parentheses, theinfrared intensity,
the Raman intensity, the Raman depolarization ratio and the NRV Sfraction (not divided by
frequency). Theintensitiesarethe averages, which areinfluenced by some parametersinthe
Spectra Plotting Parameters dialog, aswell as the atomic-motion scaling parametersin the

Basic Parameters dialog. Theintensitiesare al weighted by the degeneracy for the species.

If least-squaresisin effect, the wavenumber cal culated from the energies derived from atomic
displacementsisgiven. Thisisacheck on the process of calculating energies, on which least-
squares analysisis based (see Theory and Implementation), and indeed on all aspects of the
calculation of atomic displacementsand changesin internal coordinatesand interactions. Inview
of the assumptionsinvolved, exact correspondence between thisval ue and the wavenumber
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directly determined from the secular equation is not expected, but deviation by morethat afew
wavenumbers may indicate abug or other problems. 1t may be possible to improve agreement by
using the atomic displacement scalefactor (Basic Parameters dialog, Setting menu) to reducethe
magnitude of calculated atomic motions. Thismay be necessary especialy if there are weak
forces such astorsion which may lead to particularly large atomic motions.

Following thisare sometotalsfor internal coordinates and interactionsthereof, arranged across
the page in order of the input number in the dialogs of the Forces menu. That isfor the "Net
Bnds/Grp" item (for example), if there are three input bond force constants (Fcons), there are
three corresponding numbers, which are the sum of the changes of all bonds derived from each
input specification. These valuesmay be carried over onto successivelines.

For bondsthereisa"Net Bds/Gp" item, which issimply the sum of al the bond changesin each
group, and also an "Av Bds/Gp", which is the sum of the absolute changes in bondsin the group.
Comparison of these two can show whether the mode is mostly of the symmetric or antisymmetric
stretching character, wherethisis not strictly determined by symmetry. For anglesthe net
category isomitted and thereis only an average or absol ute sum of changes (in degrees).

For every type of force constant thereisan energy ("En") category. These numbersaregivenin
fractions of the total potential energy. Thisisadirect measure of the importance of the group or
input coordinate force constant on the frequency of the modein question. Again, the sum of these
energiesisused for the "Energy recalculated..." number above. Notethat the value of individual
entriesin this section may be greater than one, since some may also belessthan zero (realistically
only interactions should be lessthan zero, although if other force constants are allowed to go
negativetheir contributionwill be negative).

Following these group resultsare theindividual polarization componentsfor Raman and infrared.
For Raman, the components are xx, yy, zz, Xy, xz and yz, and for infrared they are x, y, z. (see
Theory and Implementation for the derivation of these numbers). Theallowed infrared and
Raman components are given in the header line for the species, or can be obtained from the
Species diaog in the Input menu. For multidimensional speciesnot all componentsare present,
and it may be necessary to take sums and/or differences of the given simple Raman componentsto
seethe activity. Generaly, x ispreferred over y and z, xx-yy over xy, and xz over xy andyz. To
make sure which component is present, inthe Listings dial og (Setting menu, Control Window)
select Repr esentationsof species to print out the basis functions used. Thefirst one given should
be the component which appears. However, this may depend on proper orientation of the
symmetry elementswith respect to the Cartesian axes (see Orientation)

If selected inthe Listings dialog (Setting menu), the changesin individual bondsand anglesare
given. Thesearegiveninthe order of the CoordinatesL ocated lists above.

The AtomicDisplacements are the displacementsin the x, y and z directions of each primary
atominthe Final Atom List, with two atoms per line, separated by a slash.

Finally, for each speciesthe Aver ageEner gy Contributions... shows which force constants or
groups of internal coordinates are absent from that species (sincethisinformation isnot adirect
outcome of the symmetry analysis).
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List of Frequencies. Thisgivesan overall list sorted in decreasing order of frequency, either by
speciesor for all speciestogether (Basic Parameters dialog, Setting menu). Theintensitiesare the
averages, which areinfluenced by some parametersin the Spectra Plotting Parameters dialog, as
well asthe atomic-motion scaling parametersin the Basic Parameters dialog.

Contributionsof F'sto modes. Thisliststhe force constants (F's), giving the number and force-
constant value for each, and then gives up to 12 modesto which thisforce constant isasignificant
contributor, ranked in decreasing order of contribution. For each mode, the frequency, the species
and the energy contribution in percent is given. The contribution is exactly the same number (as
percent) astheenergy ("En") category discussed abovefor each mode.

5.6 Reading Old VIBRAT Files

VIBRATZ should be ableto read input fileswritten for the old DOS version, called VIBRAT.
The Open command recognizesonly fileswith extension .VIB and .VBR, so it will be necessary
to add the .VIB extension (not .VBR).

The only changewhichislikely to affect the cal culation of frequenciesisthe treatment of " 2-
coordinate" 3-atomangles(Angle forces). Intheold VIBRAT, if the"2-coordinate” option was
sel ected, a second bending coordinate was constructed with s-vectors perpendicular to those of the
standard or in-plane coordinate, and this coordinate was assigned aforce constant f' related to the
standard force constant by f' = f (1+cos(theta) /2). Currently, for such "2-coordinate" angles, the
second force constant f' is exactly equal to thefirst one. For 180 degree angles there should be no
difference. If you want to keep the internal coordinates as defined by the old version, you can
define two separate angles, onein-plane and one out-of-plane, with the force constant for the
second as above.

The atomic displacementsfor the second coordinatein 2-coordinate angleswere not computed
correctly inthe old version, and | east-squares refinement of these forceswas not effective. This
has been corrected.

Computation of the polarizability tensor has changed (see Theory and Implementation),
but this haslittle effect on spatially averaged Raman intensities, keeping in mind that the
intensity estimates are qualitative or semi-quantitative at best.

5.7 Types of Files used by VIBRATZ

VIBRATZ uses many types of filesfor data storage, input and output. With the exception of
the.mds atomic-motionfile, these areall text or ASCII files. Wherefile extensionsare given, this
isonly apreference - it isalways possible to specify "al files (*.*)" when opening afile, or to
overridetheextensionwhenwriting.

Main data storagefiles(.VBR, .VIB). Thedatafor each VIBRATZ problem or structure are
contained in atext filewith extension .VBR. After changing any parameters (mostly in the Input
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and Forces dialogs), it is necessary to save these fileswith the Save or Save Ascommandsin the
File menu or the buttonsin the Control Window, athough if afile has not been saved before you
read in anew one or quit the program you will be asked if you want to saveit.

Input filesfor the old Fortran version (called VIBRAT) should have extension .VIB. Theseare
read with the same Open command (File menu) asthe currect .VBR files. However, you cannot
save afileof type .VIB - once such afile has been read in the extension is changed to .VBR.

Setup files. VIBRATZ usesasetup or preferencesfile called SCRPTR, whichisin the same
folder asthe VIBRATZ application. Thiscontains operating parameterswhich are not specific to
individual structures. Parameterswhich are specific to individual structures and which are saved
in the main data (.vbr) file, but which are not absolutely intrinsic to the structures, i.e. pertain to
theway the structureis displayed or calculated, are also saved inthefile DEFAULTS. Thisfile
isread whenever VIBRATZ isstarted up, and it is saved with the Save Defaults command in the
Settingsmenu. It may bere-read at any time, with the Read Defaults command in the Settings
menu, to replace the current values. The SCRPTR and DEFAULTSfiles are actually replaced
after thefirst startup by asingle user- and platform-specific file.

ELEMENTS.DAT file. Thisfileisused by VIBRATZ for two functions: it isread on startup to
supply the default Atom Type List, which gives standard atomic numbers, weights and charges. It
isalso read when adatafile from other software isimported, to assign atomic numbers (type
numbers) to input atoms based on standard elemental symbols. Each line of thisfilerefersto one
element or atom type and containsthefollowing fields: the atomic number or type number; the
one- or two-letter symbol; the red, green and blue components, as numbersfrom 0 to 255, of the
atom color (for the Atoms graphics window or output when in color), the gray shade as a number
from O (white) to 15 (black) (for the Atoms graphics window or output when in black-and-white);
the atomic weight; and the formal charge. There must be 102 lines or atom types, but otherwise
the values may be edited asdesired. Following arethefirst four linesfrom the standard file:

1H 0.32148148148 8 1.00797 1.000
2HE150 0 0255 6 4.0026 0.000
3L1152255 0255 6 6.939 1.000
4BE1.11255 0255 6 9.0122 2.000

Outputfiles. Fileswith extension.VBD, when opened by VIBRATZ, aredisplayed in a Text
window, which hasits own menu bar with standard commandsfor text editing, printing, etc.
VIBRATZ itself generates somefiles of thistype, including the main output fileinwhich are
printed the results of the calculation. Thisfileisgiventhenameinfile.VBD, if infile.vbr isthe
name of the main datafilefor this problem. The Coordination option in the Input Atoms dialog
(Input menu) also writes atext file called BONDS.VBD. Both of thesefilesaredisplayedina
text window as soon asthey are written.

Special input files. VIBRATZ may need to read several types of filesto get certain special types
of data. Cartesian symmetry files, with extension.SY M provide symmetry for non-
crystallographic point groups. Instead of using valence forces, amatrix of Cartesian atomic
forcesmay beread in, and conversely, transformed valence forces may be written asamatrix of
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Cartesian atomic forces - files of thistype are given the extension.CAR. Listsof atomic
coordinates, with labels, may beread inwith.INPfiles. A complete set of valenceforce
specifications may bewritten and reread; thistype of file has extension.FRC. The observed
wavenumbers may beread inin atext filewith extension.FRQ.

Structureimportfiles. VIBRATZ can import structure data from many different program
systems. Thefileextensions aretoo numerousto mention and are sometimes not exclusive.

Special output files. Two special types of output file are written by VIBRATZ. The spectrum
datafile, with extension.SPC, contains data on the calculated intensity and polarization
components of the frequencies, primarily for usein plotting spectra. VIBRATZ itself will
produce plots of spectra, so thesefilesare not needed unless a specialized plotting programis
written. The atomic-motion datafile, with extension.MOT, contains the basic data on location of
atomsin the molecule or unit cell, plusthe displacements of atomsin each mode. Thisisintended
specifically for the program ATOMS, which can give amore sophisticated representation of the
structure.

Binaryatomic-motionfiles. When atomic-motion plottingisselected in VIBRATZ, theatomic
motionsare saved in abinary filenamed infile. MDS, if infile. VBR isthe name of the main data
file. Thisallowsquick recovery of the datafor each mode. Also, when atomic-motion dataare
transmitted to ATOM S using aMOT file, ATOMS constructs an identical. MDSfile. ATOMS
can read.MDSfileswritten by VIBRATZ, which allows updating of the atomic motions without
disturbing the display characteristicsfor the structure which areset upin ATOMS.

Standard graphicsoutput files. VIBRATZ can write graphics output files for the spectrum and
atomic-motion plotsin several standard formats, including both. WMF and.EMF metefiles, and
.BMP, .PCX and .TIF raster files (Windows) or Pict filesand .PNG raster files (Macintosh)

Alphabetical list of fileextensionsused by VIBRATZ

.CAR Input or output file containing aforce field in terms of the Cartesian coordinates of the
atoms. Specified in the Cartesian forces option in the Control Window, when Cartesian input
forces areto be used instead of valence forces; or in the Write Cartesian File option in the Forces
menu, whenwriting afile.

.DAT The ELEMENTS.DAT file, containing standard data on the elements. Thisfileisread
automatically by VIBRATZ when needed.

.FRC  Filecontaining valence force specifications, which can be written and read with
commandsin the Settings menu.

.FRQ  Filecontaining observed wavenumbers. Read through the Observed Wavenumbers
dialog in the Input menu.

.MDS  Binary file containing the atomic mations for each mode. This may used by the
progran ATOMS aswell asthe Atomswindow in VIBRATZ.
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.MOT  Text output file containing atom locations and motionsin each mode, for export to the
structure-display program ATOMS.

.VBD Text output files. These are displayed in text windows on screen. Infile.out iswritten
during every calculation and contains the printed results. BONDS.OUT containstheresult of the
Coordination option (Input Atomsdial og, Input menu). Thesefileshad theextension.OUT in
earlier versionsof VIBRATZ.

.SPC  Output file containing intensities and polarization data for each mode
SYM Input file containing symmetry information for non-crystallographic point groups
VBR  Maindatafile, containing complete information on the current problem.

VIB Old datafilefrom VIBRAT (Fortran precursor to VIBRATZ)

All macintosh files have two identifying 4-character strings, thefiletype and the creator signature.
Thefiletypefor all fileslisted above, with the exception of binary .MDSfilesis"TEXT". The
creator for main datafiles (.VBR) and for text output files (.\VBD) is"VIBR". The assignment of
creator "VIBR" tothe .VBR and .VBD filesallows startup of VIBRATZ by double-clicking on
thesefiles. The creator for other types of text filesis"ttxt"; double-clicking on these fileswill
start up the standard M acintosh word-processing program TeachText or SimpleText.

5.8 Isotope Configurations

Y ou may have up to three isotope configurations- (the abbreviation "isoconfig" may be used
where required by spacerestrictions). To set up for isotope cal culations, you must enter datain
two or three places, the | sotopes dialog, the Observed Wavenumbers dialog and the

Read Observed Spectra Data.

I sotopesdialog. Thisisaccessed either from the Control window (lsotopes... button), or from
the Input/Atom Typesdialog. Spectrum 1 usesthe atomic weightslisted in the Atom Types
dialog. For spectra 2 and 3, you specify the type numbers of all atoms whose atomic weights are
to be changed. For exampleif Satomswith type 16 are to have atomic weight 36 instead of 32,
you would enter 16 and 36.0. If more than one atomic typeis substituted, for example types 16
and 116 for sulfur, both must be given. If the Calculate box is not checked, the 2nd and 3rd
spectrawill be skipped.

Observed Wavenumber s dialog. Hereyou select the configuration with the | sotope
Configuration spin control.

Reading NRV Sintensity data. Thisisdonein the same way as for the base configuration,
through the Read Observed Spectra Data, which is accessed through the Settings menu or the
Parameters dialog from the Spectrawindow. The Read Observed ... dialog now has a Spectrum
number option in the upper | eft.
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The Spectra Window now also hasthe configuration (“isoconfig") option in the upper left. If
you have read in observed data but have not entered anew isotope substitution configuration in
the |sotopes dialog, you will haveto recalculate. The PED will befor the selected spectrum.

Text Output. Thelisted datafor individual modes, including atomic motions, energies, etc. isfor
themain or original isotope configuration. Therearelists of modesfor the main configuration and
each of theisotope configurations. The modesin each speciesin thelistsfor isotope configuration
aregiven in order of decreasing frequency, but this order may be different from that of the main
configuration if the isotope shiftsare larger than the interval s between modes - in other words
modes strongly affected by the changed atomic weight may jump over others. Thereisacolumn
labeled "Main" which givesthe mode number inthe main list to which the given mode
corrresponds, and for which theisotope shift is computed.

AtomsWindow. Thiswill show the motionsfor the main (number 1) configuration.
L east Squares. Theconfigurations (1 to 3) which areincluded are controlled by the check boxes

inthe |sotopes dialog. Of course you must enter either some Observed Wavenumbers for (step-
by-step) refinement on frequencies, or NRV Sintensity datafor NRV Srefinement.

6 Identifying Atoms

In the Atoms Window, clicking with the mouse on the location of an atom brings up a dialog with
information about that atom.

If atoms are superimposed, the Atoms at Cursor dialog appears. If the atom is isolated, the
Generated Atom Data dialog appears.

6.1 Atoms at Cursor

Dialog Box: Atomsat Cursor [Mouseclick in AtomsWindow]

When you click with the mouse cursor on the outline of an atom in the Atoms graphics window
(inthe Atom Identification mode), you may get either thisdialog, or the Generated Atom Data
dialog. If theclick point lieswithin the outline of more than one atom (including those which may
be partially or completely hidden), thisdial og appears listing the atoms from front to back.
Selecting an atom from the list by double-clicking or using the View/Revise button then brings up
the Atom Datadia og.

6.2 Generated Atom Data

Dialog Box: Generated Atom Data [click on atom in AtomsWindow]
Thisgivesinformation onthe currently selected atom, inthe currently selected mode.

Thefirst line givesthe generated atom number, asin the Final Atom List in the output, the label

and the input atom number, asin the Input Atoms dialog (Input menu). In the case of acrystal or
polymer, the atom isidentified as either a primary or secondary atom.
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Three sets of atomic coordinates are given; the current Cartesian coordinates, which include any
rotations applied in the Atoms Window; the Original coordinates, which are the Cartesian
coordinatein standard orientation (including rotations specified in the Pre-Calculation Rotations
dialog, Input menu, and displacementsto put the center of gravity on the zero point), and for a
crystal or polymer, the fractional coordinates on the structure axes, in original orientation.

The motion vector isalways Cartesian and is given in both the current orientation and the
standard orientation as above. Seethe Basic Parameters dialog (Setting menu) for factors
affecting the magnitude of the vectors.

Thefour lines at the bottom of the dialog give the distance from the current atom to the last atom
selected, the angle defined by the current atom and the last two, the tau dihedral angleinvolving
thelast four atoms, and the bond-plane psi angleinvolving the last four atoms. See

Construct Molecule from Z-Matrix for the definition of the dihedral angle and the sign
convention. For psi angles, the sequenceis1) outer atom defining the "bond" of the bond-plane;
2) central atom; and 3) and 4) outer atoms defining the plane (seethe diagramin Psi Angles or
Manual Psi.

The buttonsto the right of each of thelinesfor bond, angle, tau and psi alow specification of
individual bonds and angles"manually", instead of "automatically" asinthedialogsin the

Forces menu. Clicking on these buttons you will be shown respectively the Add Atomsto Manual
Bond / Angle/ Tau/ Psi dialogs, whichinturnlead to the Manua Bonds, Manual Angles,
Manual Tau or Manual Psi dialogs. If the atoms specified are either in apre-existing Manual
Bond or angle, or have been generated with "automatic" bond or angle specifications, you will be
given awarning, but will not be prevented from adding the atoms.

6.2.1 Add Atoms to Manual Bond Specification
Dialog Box: Add Atomsto Manual Bond Specification [Generated Atom Data]

Thisdialog appears when you click the Manual Bond button in the Generated Atom Data dial og.

Y ou are shown the atoms selected, and the number of Manual Bond groups already defined. The
radio box at the bottom allows you to choose whether to make anew group or add the current
atomsto an existing group (if any already exist).

If you click OK, you will be taken to the Manual Bonds dialog, giving the complete datafor the
bond groups. In that dialog you can specify the bond force constant and the polarizability for
calculated Raman spectra.

6.2.2 Add Atoms to Manual Angle Specification
Dialog Box: Add Atomsto Manual Angle Specification [Generated Atom Data]

Thisdialog appearswhen you click the Manual Angle button in the Generated Atom Data dialog.

Y ou are shown the atoms sel ected, and the number of Manual Angle groups aready defined. The
radio box at the bottom allows you to choose whether to make anew group or add the current
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atomsto an existing group (if any already exist).

If you click OK, you will be taken to the Manual Angles dialog, giving the complete datafor the
anglegroups. Inthat dialog you can specify the angle force constant.

6.2.3 Add Atoms to Manual Tau Specification
Dialog Box: Add AtomstoManual Tau Specification [Generated Atom Data]

This dialog appears when you click the Manual Tau button in the Generated Atom Data dial og.

Y ou are shown the atoms selected, and the number of Manual Tau groups already defined. The
radio box at the bottom allows you to choose whether to make anew group or add the current
atomsto an existing group (if any already exist).

If you click OK, you will be taken to the Manual Tau dialog, giving the complete datafor the tau
groups. Inthat dialog you can specify the tau force constant.

6.2.4 Add Atoms to Manual Psi Specification
Dialog Box: Add AtomstoManual Psi Specification [Generated Atom Data]

This dialog appears when you click the Manual Psi button in the Generated Atom Data dialog.

You are shown the atoms selected, and the number of Manual Psi groups already defined. The
radio box at the bottom allows you to choose whether to make a new group or add the current
atoms to an existing group (if any already exist).

If you click OK, you will be taken to the Manual Psi dialog, giving the complete data for the psi
groups. In that dialog you can specify the psi force constant.

7 Background

What VIBRATZ Does

What You Need to Know to Make a Calculation

Theory and Implementation

Forces - General Considerations

Urey-Bradley Forces - Theory

Terminology
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7.1 What VIBRATZ Does

VIBRATZ isaprogram for modeling the fundamental optical vibrations of any compound, using
valenceforces (interatomic bondsand angles). VIBRATZ calculates only fundamental
frequencies, not overtones and combinations (which are usually much weaker in spectra). Ina
molecule, there are 3n-6 fundamental vibrations, where n isthe number of atoms.

Incrystals, optical vibrations (or more strictly limit optical vibrations) are defined asthosein
which thewavevector kappaiszero. Insuchvibrations, all unit cellsbehaveidentically, whereas
in non-optical vibrations, atomsin different unit cells have different motions. Thereisonly a
limited number of optical vibrational modes, namely 3n-3 for crystals, wherenisthe number of
atomsin the unit cell, whereas the number of non-optical modes depends on the total number of
atomsin the actual crystal. The capability to calculate al crystal vibrations and phonon
dispersion curves may be added to VIBRATZ inthe future.

VIBRATZ requiresinput of 1) unit cell axislengthsand interaxial anglesfor crystals; 2) selection
or input of the point-or space-group symmetry; 3) the atomic coordinates; and 4) specifications
for locating the bonds and anglesinvolved in the valence forces, and aforce constant for each
specification.

Thebonds and anglesin category 4) aretheinternal coordinates (or groups thereof) of a
traditional normal-coordinate analysis. Because VIBRATZ convertsall forcesto Cartesian, and
carries out the symmetry analysis and solution of the secular equation using Cartesian matrices,
thereisno limit to the number of internal coordinates which may be used, nor isit necessary to
consider explicitly any redundancy rel ationsamong them.

Bond and angle specifications can be given in either of two ways: automatically, by specifying the
atom typesinvolved and limits on bond lengths and angle values, or manually, by specifying the
individual atoms. Atom typesare normally chemical species (atomic number), although they can
also be symmetrically distinct input atomsfor more precise definition of bonds and angles.
Anglesinclude4-atom torsion and bond-plane bending aswell as 3-atom valence angles.

I nteractions between any pairs of internal coordinates may be specified.

Giventhisinformation, VIBRATZ then analyzesthe symmetry and cal cul atesthe frequencies,
classified into symmetry species. It providesthe atomic displacementsinvolved in each vibration
and the fraction of thetotal energy of the vibrations contributed by each bond or angle (and
interactionsthereof). Aninteratomic force matrix intermsof Cartes an displacements of the
individual atomsisaby-product of the calculation, and may be exported for other purposes, such
ascalculating elastic properties.

L east-squares adjustment of the force constants may be done, with selection of both force
constantsand symmetry species.

Synthetic infrared and Raman spectramay be drawn, using simple model s of intensities.
Individual polarization components or average spectramay be shown. The atomic motions may
beshowngraphically.
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7.2 What You Need to Know to Make a Calculation

There are two kinds of information you need; 1) the data on the atomic structure itself; and 2) at
least preliminary information on interatomicforces.

Regarding data on the atomic structureitself, especially its symmetry, exactly what you need to
provide depends on the nature of the structure and the source of information. Themain
categories, and thedialogsin the Input Menu inwhich they are entered are

1) Structure axes and lattice tranglations. For acrystal, the unit-cell axislengths and angles are
required. For amolecule, Cartesian axesare normally used. Y ou can do acalculation for a
crystal by using lattice trandationsin all three axis directions; for amolecule by using no lattice
tranglations; or for apolymer by using translationsin one or two directions. (Title/Axesdialog)

2) Symmetry. Y ou need to know the space group for acrystal or polymer or the point group for a
molecule. Of course, if you are not interested in symmetry, and you know the location of all
atoms, the calcul ation can be made disregarding symmetry, but thisisgenerally slower and takes
more computer memory. (Symmetry dialog)

3) Rotations required to attain standard orientation (see Orientation and Rotations). Some space
groups are oriented in away which is not consistent with the basis functions used for symmetry
analysis. A rotation of both the symmetry matrices and the atoms of 30 or 45 degrees about the z
axismay berequired. However, thisisnormally done automatically when you specify the space
group. (Pre-Calculation Rotations dialog)

4) Coordinates for asymmetry-unique set of atoms, or for all atoms. These arefractional in
terms of the unit-cell axesfor acrystal, and normally Cartesian for amolecule (1nput Atoms
dialog). Each atomisgiven atype, whichistypically the atomic number.

5) Types of atoms present. For each atom type used in the preceeding category, it is necessary to
specify the mass, and a so the charge for calculating infrared intensities. (Atom Types dialog).

For natural isotopic mixtures the standard atom list may usually be used, but if particular i sotopes
are used it may be necessary to usetheir atomic weights.

If you import datafor acrystal from one of the supported data-base formats, all thisinformation,
except possibly 3), islikely to be supplied automatically inthefile. For amoleculewith no
symmetry, default values can be used for the symmetry and structure axes. 1n most cases, the
atoms arereferred to by their atomic numbers, and the masses and charges are obtained from a
standard table. However, in some cases, for exampl e calculating structures with isotope
substitutions, it will be necessary to modify the types of atoms.

Forces are entered through the dial ogs of the Forces menu, or in the case of manual forces, by
clicking with the mouse on the atomsinvolved. Determining theinteratomic forcesisthe object of
the calculation, so exact values are not normally available for input - what you must supply are
educated guesses. Atoms supportsvalence forces of the standard types, namely bonds, three-atom
angles, four-atom torsion (tau) or bond-plane (psi) angles, and interactions of bonds and three-
atom angles. Apart from casesin which certain vibrations are determined uniquely, which are
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occur only for the simplest structures, you should ook at previous cal culations on similar
structuresto find reasonabl e starting values. Force constants are usually strongly dependent on
bond lengths, and to alesser extent, angle values.

If you are not very familiar with the structure, it may be very helpful to use the Coordination
optioninthe Input Atoms dialog. Thisgivesaprintout of the possible bonds and (3-atom) angles
involving each atom, and also asorted list of bonds and angles.

7.3 Theory and Implementation

The basic theory and methodology used in VIBRATZ have been described before (Dowty, Phys.
Chem. Minerals, 14:67, 1987). There have been no fundamental changesin basic methods
described in that paper, but many additions and extensions. The following discusses some specia
topics which may be important for proper use of VIBRATZ.

VIBRATZ usesthe general method of calculation described by E. B. Wilson, J. C. Deciusand P.
C. Crossfor molecules (Molecular Vibrations, Dover 1955 - hereafter abbreviated WDC). Using
thismethod for crystalsrequires only extending the continuity of the structure across unit-cell
boundaries, whichisdonein VIBRATZ by using secondary or dummy atomswhen necessary.
These dummy atoms are used in cal cul ating changesin bond lengths and angles, for example, but
not in the cal culation of frequencies, which isdone on the basis of atomsin the unit cell only.

Although forces are entered in the form of internal coordinates or bonds and angles, these are
transformed to Cartesian coordinates at an early stage. The solution of the secular equation is
donewith Wilson'sfg method (it could be donein other ways), but thisis applied to the Cartesian
coordinates rather than internal coordinates. Symmetry coordinates are also worked out on a
Cartesian basis.

In addition to facilitating computer programming, conversion to Cartesian coordinates hasthe
advantage that thereisno necessity for conforming the forcesto the mathematical requirements of
the secular equation. Thusit isnot necessary to limit the number of internal coordinates or force
constants to the number of normal modes (3n-3 or 3n-6), or to provide redundancy conditionsif
the number isexcessive. Thisfacilitates changesin the forcesused, and transferral and
comparison of force constants between compoundswhich are chemically similar but geometrically
and/or symmetrically different. If aninsufficient number of force constantsis specified, there will
be some zero frequencies, whichisharmless.

Derivation of symmetry coordinates, which has often been done on asomewhat ad hoc basis, i<
systematized by using the projection/transfer operator technique.

Symmetry - BasisFunctions

When symmetry is present, VIBRATZ requires a set of symmetry matrices, and apolynomial
basis function for each species.
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Symmetry matrices are obtained in two ways. For space groups and crystall ographic point
groups, they are generated using licensed excerpts from the program Sginfo by Ralf Grosse-
Kunstleve. The matricesfor the entire group are obtained by intermultiplying asmall number of
basismatrices. Theinformation for all thisisstored internally in VIBRATZ.

For non-crystall ographic point groups, the symmetry matricesareread in from afile, sincethere
istheoretically an infinite number of such point groups. Thefilesfor the most common point
groups are supplied. The matricesfor any point group, in any orientation, may be generated with
the auxiliary program SYMGRP. This program also uses asmall number of basis operators or
matricesto generate the entire group.

Symmetry matrices are used in two waysin VIBRATZ; to generate all the atomsin amolecule or
unit cell, starting from asymmetry-unique set; and to derive theirreducibl e representations and
symmetry coordinates which are used to factor the large matrix of the secular equation into
smaller matricesfor each species. For thefirst use, lattice trandlations areincluded in the case of
crystals and polymers, but lattice trandlations are ignored for the second use.

The polynomial basisfunctionsfor the space groups and crystallographic point groups are stored
internally in VIBRATZ, sincethereisafinite number of them. Infact, only 32 sets of functions
arerequired sincetranglations are irrelevant in this context.

The basisfunctionsfor non-crystallographic point groups may be obtained in several ways.
Firstly, infrared-active species aways have first-order basis functions of thetypex, y, z, and
Raman-active species have second-order basi s functionswhich are the components of the
polarizability tensor. Thesefunctions are almost alwayslisted in character tables. Thusthe
actual observed infrared and Raman species of apoint group can always be calculated if a
character tableisavailable Thethird-order functionswhich are the representations of the f atomic
orbitals are al'so sometimeslisted in character tables (e.g. D.C. Harrisand M. D. Bertolucci,
Symmetry and Spectroscopy, Dover 1978). Thebook by M. Lax () lists many basis functions for
space groups. Finally, aprogram to find basis functions was written. This program steps through
all products of x, y and z up to agiven order, and derives the correct basis function(s) for agiven
species using the projection operator technique. It requiresavalid character table for the group.
Polynomial basisfunctions have thus been determined up to 8th order, and with afew exceptions
(speciesxx of group xx, and optically inactive species of theicosahedral groups) thisis sufficient
for al the groupslisted in the Point Group Symmetry dialog.

Note that published character tables may contain errors. All published character tablesfor group
S8 so far examined show rotationson x and y in species E1, whereas test cal cul ations indicate
that they really belong in species E3 (also note that x and y rotations follow the xz and yz
componentsin all other groups).

Orientation and Rotations.
Orientation of symmetry elementswith respect to coordinate axesiscritical for several reasons.

Unfortunately there are no universally accepted conventionsfor such orientation, and structure
descriptionsdo not always specify orientation completely.
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VIBRATZ usesthefollowing conventionsfor orientation of symmetry elements. Any unique
symmetry axisisparallel to z. In Cnv groups, avertical mirror planeis perpendicular to the x
axis (not they axisif thereisadifference). Ingroupswhich have both horizontal 2-fold axesand
vertical mirror planes, a 2-fold axisis oriented parallel to the x axis and mirror planes are oriented
accordingly. Theicosahedral groups are oriented with a5-fold axis parallel to z, and an adjacent
3-fold axisinthe x-z plane. These orientations have been used for the basisfunctionsin all cases,
and for the symmetry matricesfor non-crystallographic symmetry generated by the program
SYMGRP. Notethat trigonal and hexagonal crystals are oriented by VIBRATZ with the a2 axis
parallel toy, so that al does not coincide with x (the crystal/Cartesian conversionisz=c, X =
ar).

VIBRATZ hasprovisionsfor two different kinds of rotation to correct any non-correspondencein
orientation. Notethat thereisalso athird type of rotation, which isapplied in the Rotation menu
and the Dialog Bar of the AtomsWindow. Thisthird type of rotation isapplied only to theimage
of the structure and the atomi ¢ displacement vectors, and has nothing to do with symmetry
anaysis.

Firstly, the atomic coordinates must correspond with the orientation of symmetry operators, for
proper generation of al equivalent atoms. In the case of space groups, several settings may be
possible, but all the common possibilitiesarelisted in the Space Group Symmetry dialog, and it is
usually only necessary to select the setting which correspondsto your atomic coordinates. Inthe
rare case that the list is not adequate, it may be necessary to use the Custom Symmetry option.

In the case of molecules belonging to apoint group, you may have a) atomic positionswhich do
not correspond to the above standard orientation, or b) a complete set of coordinatesfor all atoms
in the structure, rather than just a symmetry-unique set.

There are two solutionsto situation @). The easiest is probably to rotate the actual atomic
coordinates, using the Rotate option in the Input Atoms dialog - thisisthefirst type of rotation
mentioned above. Enter the original coordinates, then apply the appropriate rotation on the z-axis.
The second option isto supply symmetry matricesin the appropriate orientation for your atomic
coordinates. Such matrices can be generated with SYMGRP. It isthen necessary to writea.sym
filefor input in the Point-Group Symmetry dialog, or to modify one of the existing files (see
Making Symmetry Files for preparation of.sym symmetry input files). If the point group is one of
those listed, the standard basis functions may no longer be valid for your specific orientation. In
this case you can either supply new basisfunctions, or use the Pre-Calculation Rotations option
(described below) to rotate both atoms and symmetry matricesto the standard orientation.

If you have set of atomic coordinateswhich includes symmetry equivalents, you can simply enter
theentire set and VIBRATZ will identify the redundant atoms and delete them at your option. Of
course this assumes that the atomic coordinates are consistent with the symmetry matrices - if they
are not, refer to the previous paragraph.

Assuming that the input atomic coordinates are consistent with the symmetry matrices, asecond
type of rotation may be necessary to bring both the atoms and the symmetry matricesinto the
orientation assumed by the basisfunctions. Thisisdonewith the Pre-Calculation Rotations
option in the Input menu. Thistype of rotation isrequired for certain space groups, and may be
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required if you use your own .symfilein the Point-Group Symmetry option.

Most space groups are oriented in the standard way described above, but in some cases, namely
point or factor groups D3, D3d, D2d, D3h and C3v, the International Tables for X-Ray
Crystallography usestwo different standard orientations, only one of which is consistent with the
above conventions. Also, monoclinic crystalsare usually given an orientation with the unique axis
asbory, instead of z. When aprimitive cell isused for rhombohedral crystalsinstead of the non-
primitive hexagonal cell, rotations are also required. Inall such cases, VIBRATZ should be
capabl e of recognizing the misorientation, and should supply appropriate rotations which appear
inthe Pre-Calculation Rotations dialog.

Note that results such as atomic displacements are given in terms of the rotated structure, not the
input structure, since displacements should correspond to the allowed polarization components
which are determined by the basisfunctions.

L east Squares

L east-squares adjustment of the force constantsin the analyical method (see Control Window) is
based on the changesin theinternal coordinates cal culated from the atomic motions. Thetotal
energy of each modeisalinear function of the squares of these changes. Several aspects of this
process should be noted.

It assumesin thefirst placethat all the assignments are correct. |f an observed modeisknown to
be missing it can be assigned observed frequency zero and it will be skipped, but the sequence of
observed frequenciesin each species must be correct, and each observed frequency must be
matched exactly with the corresponding cal culated frequency. If only two calculated modesare
switched in order with respect to the observed list, which can easily happen with slight
inaccuraciesin force constants, | east-squares adjustment of any force constantsinvolved in these
modeswill probably fail.

Secondly, the directions of atomic motions are assumed to be correct for each mode. Of course
thisisnot correct unlessthe cal cul ated frequencies already match the observed - obviously
refinement will work only if the deviations of cal culated from observed frequenciesare small.
Thisrequirement becomes more stringent as the possible vibrations become more complex, i.e. as
the number of modesin each speciesincreases. If the average deviation of the calculated from
observed isnot much smaller than the average difference between observed modesin agiven
species, itisquitelikely that the model isat least partially incorrect and least-squares will not be
reliable.

Thirdly, there may be strong correl ations between force constants because of geometric
redundancies and pseudo-symmetry. Becauseforces are converted to Cartesian, and the
calculationisnot directly based oninternal coordinates, there is nothing to prevent duplicate or
redundant forces. There are unavoidable correlationsin some cases, for example between Urey-
Bradley X-X repulsiveforcesand X-C-X angles.

Inthe step-by-step method (see Control Window) the second point isnot strictly applicable.
Redundant forceswill not halt the refinement. But succesis till not to be expected unlessthe
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model isbasically correct to begin with.

In summary, least-squaresis appropriate only for special conditions, typically when thereisa
relatively small number of modesin each species, or when observed and cal culated modes can be
correlated precisely for other reasons. It isoften necessary to refine only some force constants at
atime, perhaps sel ecting only some of the modeswhich are known (positively) to beinfluenced by
theseforce constants.

Intensities

Infrared intensitiesare simply derived from the changein dipole moment, using the atomic
chargesinthe Atom Types list.

Raman Polarizability and Intensities. The"differential bond-polarizability tensor” rho is now
definedas

rho(ij) = [sum over all k bonds] Pk db(i) b(j) / [o]

where Pk isthe polarizability factor (Bond Forces dialog), b isthe bond vector and db isthe
vector giving the changein thebond. Thisisachangefromthe origina paper, which haslittle
effect on the spatially-averagedintensities, but doesimprovethe agreement of individual
polarization componentswith observations. The spatially averaged intensities are determined by
the standard formulas (WDC, Ch. 3 - equations 23 and 24), and the factors a pha and betain
these formulas are adjustable (Basic Parameters dialog). A value of 0.3 for betainstead of 4-7
has been found necessary to give qualitative agreement with spectraof silicates.

Thedepolarization ratio, which isgiven for each mode along with the spatially averaged intensity,
is calculated with WDC Ch. 3, equation 26. Thelower curve in the calculated Raman spectrum
(average) representsthe cal cul ated intensity multiplied by the depolarization factor - thusthetwo
curves are; upper, paralel and lower, perpendicular orientation of polars.

Thesevery simpleintensity cal culationsgive surprisingly good qualitative agreement with powder
spectraof silicate minerals or with spectraof silicate glasses, at |east for modesinvolving
significant stretching of Si-O or other strongly polarizable bonds. The agreement for individual
polarized spectrais much poorer. Although much more elaborate approachesto intensity have
been used, it should be kept in mind that cal culating intensities of individual vibrational modes
depends on near perfect description of the atomic motions, and that in complex structures,
different vibrational components may intermix in complex waysin each mode. Changing force
constants dlightly may result in different admixtures of these componentsin modeswhich are close
infrequency. For example, if bonds X-Y and Z-Y arefairly similar, but not identical, they may
contribute to two or more individual modesin afairly narrow frequency range. The exact relative
intensities of these modes, and their polarizations, may not be reliable because of variable
contributions of X-Y and Z-Y stretching to each mode, whichisdifficult to reproducein a
calculation. However, in spatially averaged (powder or glass) spectraan envelope containing all
the modeswith X-Y and Z-Y stretching may be reproduced fairly well even with rather
approximateforce constants.
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ChangesfromtheOriginal Releaseof VIBRAT

2-Coordinate Angle Forces. Thisoption, for the bending forcesinvolved in 3-atom valence
angles, hasbeen refined and corrected. The original option (if selected) always constructed two
coordinatesfor each angle (in-plane and out-of-plane) and assigned aforce constant to the out-of -
plane bending based on the value of the angle. Now, when two coordinates are assigned to each
angle with the sameinput specification the force constants are the same - thisisintended for 180
degreeangles. Separatein-plane and out-of-plane coordinates, with separate force constants, may
also bedefined for non-180-degree angles. The calculation of changesin the out-of-plane
coordinates has also been corrected.

Calculation of Doubly-Degenerate E Species. VIBRATZ actually calculates both the frequency-
redundant vibrations of each pair in these species (to avoid using complex numbers). Theoriginal
version simply listed both vibrations, but VIBRATZ now screensout half the frequencies.

Additions and Extensions. Symmetry isnow integral with the program for all space groups and
all common point groups. Force constants may be refined by |east-squares. Complete Urey-
Bradley forcesaccording to the Shimanouchi transformation have been added sincetheinitial
release. Tau (torsion) and psi (bond-plane) 4-atom angle coordinates have been added. The
possible types of interaction between bonds and 3-atom angles sharing one or more atoms, located
with the Automatic option, have been extended, and with the Manual option it isnow possibleto
specify interactions between any internal coordinateseven if there are no shared atoms. Angle
forces may now be specified in unitseither of md-A or md/A.

7.4 Forces - General Considerations
General Approachin VIBRATZ

VIBRATZ usestraditional valenceforces, but the approach is different in certain respectsfrom
that often used in the past. First, rather than frame the cal culations in terms of a specific number
of internal coordinates, which are the bonds and anglesin which valence forces are specified,
VIBRATZ convertsall the bond and angle forcesto forcesin the x, y and z Cartesian coordinates
of each atom, and interactionsthereof. The solution to the secular equation isdonein terms of
these Cartesian coordinates rather than internal coordinates. Thiseliminatesany direct
restrictions on the number of bonds and angles and i nteractions thereof, whereaswhen using
internal coordinates the number of internal coordinates must be 3n-3 for crystals or 3n-6 for
molecules where n isthe number of atomsin the unit cell or molecule; or if the number of interna
coordinatesis greater, redundancy equations must be supplied. Results are exactly the same asif
internal coordinatesare used directly.

Second, the bonds and angles can beidentified by providing general specificationsin termsof the
nature of the atomsinvolved and the values of bond distances and angles. VIBRATZ will then
automatically locate all bonds and anglesin the structure - this ensures consistency with
symmetry. Alternately, for molecules (not crystals), the bonds and angles can be specified by
enteringtheindividual atomsinvolved.

In principle, these two considerationstogether allow for ageneral overall specification of forces
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which isnot based on symmetric or geometric aspects of any particular structure. Infact
VIBRATZ hasoptionsto read and write files contai ning such specifications, for purposes of
tranfer from one structure to another.

The addition of Badger'srule variation to valence-bond and Urey-Bradley repul sion should cut
down or eliminate in many casesthe necessity for differentiating these forces on the basis of bond
length.

Hierarchy and Ambiguity of For ces.

The strongest forcesin any structure are the valence bonds. Bonds between nearest neighbors are
usually easily identified, although inionic structuresthere may be no sharp cutoff between bonded
and non-bonded pairs.

In covalent structures, 3-atom valence angles may be next inimportance. These are also easy to
identify; the problem with valence angleforcesisthat it may be difficult or impossibleto
distinguish them from non-bonded repul sionforces.

Interactionsinvolving bondsand anglesmay often beidentified. For examplelengthening one
bond in acoordination polyhedron normally increasesthe bond order of the other bonds,
increasing the force required to stretch those other bonds. For thisreason, symmetric stretch
vibrationstypically occur at higher frequenciesthan antisymmetric stretches.

In many structuresthe attraction of valence bonding forces non-bonding atomsinto contact or
repulsive relation with one another. The general model usein VIBRATZ for dealing with such
repulsionisthe Urey-Bradley model for CXn coordination polyhedra. Inthismodel, thelinear X-
X repulsiveforces are converted to quadratic C-X bond and X-C-X angleforces, and bond-bond
and bond-angleinteractions. Thusit isoftenimpossibleto tell whether forces of thelatter type
which may be used in anon-Urey-Bradley model aretrue valenceforces, or attributable wholly or
in part to X-X repulsion. Note also that in some situationsit is not possible to say whether X-X
repulsion isdueto electrostatic repulsion of charged ions, or to "short-range” interactioninvolving
theelectronicorbitals.

Natureof Bending for ces

Consider the bending forcesin asimple A-B-C chain of bonded atoms. Inasimpleisolated
(gaseous) triatomic bent molecule such asH20 it is necessary to consider bending only inthe
plane of the atomsin equilibrium configuration, because bending out of the plane can always be
resolved into bending in the plane and rotation of the molecule asawhole. Likewisein astraight
triatomic moleculelike CO2 it istheoretically necessary to consider bending in only asingle plane,
but in setting up the equationsit is necessary to choose arbitrarily the orientation of that plane,
and this choice must be consistent with the symmetry analysisif only one member of adegenerate
groupiscalculated.

Now consider asituation in which the end atoms arefixed in alarge molecule or crystal. Overall
rotationisno longer possible, and it becomes necessary to account explicitly for possible bending
intwo directions, which can conveniently be specified asin-plane and out-of-planein the case of a
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non-linear configuration, and which are arbitrary (but presumably mutually perpendicular) inthe
caseof alinear configuration. Actually, we could still resolve such motioninto bendingina
single plane, combined with rotation of that plane about the axis of the end atoms, but it would
still be necessary to introduce additional forces or internal coordinatesto account for thisrotation.
Accounting for bond-bending in more than one dimension can be done in anumber of wayswith
traditional valenceforces, including tau and psi four-atom angles, and also bonding forces
between non-adjacent atoms - thereisno one correct way to do this.

VIBRATZ provides ameans of accounting for 3-atom bending forcesin both directions, which
can eliminate the necessity for using more complex forces such astau and psi 4-atom anglesin
some ssituations. Each such configuration can be assigned two bending coordinates, with s-vectors
(displacement directions) perpendicular to each other. Seethe Angle Coordinate Data dialog for
details of these coordinates.

In considering the X-C-X anglesof CXn coordination polyhedra, the strictly geometric
insufficiency of in-plane bending forcesisremoved for n = 4 (tetrahedra) and for larger polyhedra
thereiseven aredundancy of bending forces. Thereisno need to remove thisredundancy in
VIBRATZ, nor should there be any need to provide extra coordinates, provided it isunderstood
that values of angle forcesare strictly applicable only for aparticular coordination number, which
impliesaparticular redundancy. Of coursewe are not likely to try to transfer angleforce
constants between say, tetrahedra and octahedra because the bond strengths and equilibrium angle
valuesarenormally different anyway.

The example of the CO3 radical (files CO3A.VBR, with psi angles, and CO3B.VBR, with
external 3-atom angles) shows how the out-of-plane 3-atom bending forces may be used in place
of psi 4-atom angles. Although no rigorous analysis has been attempted, it would seem that psi
angles can always be replaced by out-of-plane 3-atom bending. The conversewill usually, but
perhaps not always, be the case.

In geometrically ambiguous situations such as discussed above the valence forces or coordinates
used, for exampl e out-of -plane 3-atom angles versus 4-atom torsion, may be a matter of
preference, but whatever combination is used, it should be used in a consistent way or the forces
will not be transferable or comparable between structures. 1t may in some cases be hel pful to
start from the lowest possible symmetry of the compound in question (which might be attained by
chemical or isotopic substitution) to see the nature of the force constants required.

7.5 Urey-Bradley Forces - Theory

VIBRATZ usesthetreatment of the Urey-Bradley potentia function for CXn moleculesor groups
given by Shimanouchi ("Simanouti”, J. Chem. Phys. V. 17, p. 245, 1949), in which the potential
energy Vis:

V = {sumoveri} [K'i ri (Dri) + /2 Ki (Dri)2]
+{sumoveriand|, j<i} [H'] rij (Daij) + 12 Hij (Daij)"2]
+ {sumoveri andj, j<i} [Fij qij (Ddqij) + /2 Fij (Dqij)"2]
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whereri isthe C-Xi bond length, rij = (ri rj )*1/2, aij isthe Xi-C-Xj angle and qij isthe Xi-X]
distance. Using thelaw of cosinesto derive Dqjj to the second order asafunction of Drij and
Daij, and the redundancy conditionsfor the angleswithin the polyhedra (al so taken to the second
order for tetrahedra and octahedra, but not in other cases), the above expression for V is
transformed to one with no linear, only quadratic termsin the bond and angle changes. Inthe
process, Shimanouchi defined the"internal tension”, kappa, as

kappa = - (rij)*2 Fij sin( aij ) - (ri})"2 H'ij

Notethat kappa must be constant for agiven polyhedron. After many cal culations, Shimanouchi
later (Pure Appl. Chem. V. 7, p. 131, 1963) set F empirically at -0.1 F.

The above definition of kappaismore amathematical necessity for the derivation than a
meaningful chemical relationship. Thelinear angle constant H' was not included in the original
Urey-Bradley treatment, and is usually assumed to be zero in perfectly regular polyhedra. Infact,
itispossibleto assumeH' is zero in distorted polyhedraaswell, relating the values of F to the
constant kappa, asin thefirst model described below.

To use Urey-Bradley forcesin VIBRATZ it is necessary to set up all the bonds from the central
atom to theligandsin the Bonds dialog, aswell as X-C-X anglesin the Angles dialog,
independently of the U-B specificationsinthe Urey-Bradley Data dialog (all in the Forces menu).
Angles should correspond to X-X "bonds" or contacts; e.g. no 180 degree anglesin octahedra.

Urey-Bradley modelsin VIBRATZ. VIBRATZ alowsthree different ways of handling kappa
and F' force constants, to accord with the different ways this has been done by Shimanouchi and
others. VIBRATZ can handle polyhedrawith up to eight ligands: it usesthe second-order angular
redundanciesfor tetrahedra given by Shimanouchi and those for octahedragiven by Kimet al. (J.
Mol. Spect., V.26, p.46, 1968), but for other polyhedra the redundancies are taken only to first
order, and thus kappais not used for other than tetrahedra and octahedra (except for the first
option). Notethat second-order redundancy terms vanish anyway for strictly planar
configurations.

Thefirst option, F' derived from kappa, isintended primarily for strictly regular polyhedra, in
which all ligands are the same. In this case, assuming that H' is zero, kappaand F arerelated by
theequation

kappa= - r"2 F sin( apha)

where alphaisthe X-C-X angle. For tetrahedra and octahedra alpha should be 109.47 and 90
degreesrespectively. There should thusbe only two specifically Urey-Bradley force constantsin
such cases, F and kappa, and to use U-B force constants from some studies (e.g. early papers by
Shimanouchi, Kim et a.) it may be necessary to convert F' to kappa.  If the polyhedron is not
geometrically regular or the ligands are different, the rel ation between kappaand F' appliesonly to
individual ligand pairs, and if kappais constant and H' is always assumed to be zero, F'is
variable. Thisoption may thus be areasonable approximation for distorted polyhedraaswell,
although this approach does not seem to have been used before.

© 2016 Shape Software



122 VIBRATZ Help

Thesecond option, Use given F', isthemodel used originally by Shimanouchi. Note, however,
that Shimanouchi and others (e.g. Kim et al.) set H' to zero in the case of perfectly regular
polyhedra, so that kappaand F' are directly related with the above equation. If the second option
isused in such cases, kappa must be set to agree with F'.

Thethird option, F' =-0.1F, was used in later work by Shimanouchi and others. Thishasthe
advantage over option 2 of greatly reducing the number of adjustable parameters and seemsto
give satisfactory resultsin ailmost all cases. Note that for perfectly regular polyhedraif H'is
assumed to be zero it is necessary to adjust the value of kappawith the above equation to agree
with Fand F - thisis not done automatically in least-squares.

Itispossibleto use even alower approximation to Urey-Bradley forces than thefirst-order
approximation used by the VIBRATZ for non-tetrahedral/octahedral coordination. Thisisdone
by s mply entering the X-X interactions as bondsin the Bonds dialog, and entering nothing in the
Urey-Bradley section. Thisisvery roughly equivalent to neglecting F aswell askappa, although
itisnot really as simple as this because of redundancies between the variousforces. Thishas
been used with some successin silicate crystal s (see the quartz and diopside examplefiles), in
which even the most el aborate force fields do not produce perfect agreement.

Finally, it should berealized that the Urey-Bradley model isnot uniquely distinguishablefrom
other force models, and there is no absol ute criterion for correctness of any particular model.
Statementsto the effect that the pure valence model isinadequate or "fails' in aparticular case,
whereasthe Urey-Bradley model "succeeds’, areunjustified in view of thefact that Urey-Bradley
forcesare normally converted to valence forces and that in the valence model forces can be added
until the desired agreement isreached. The advantage of the Urey-Bradley model isthat it often
usesfewer adjustableforce constants. The Urey-Bradley model is sometimes contrasted with the
Orbital Valency Force Field of Heath and Linnett (Trans. Faraday Soc. 44, 873, 878, 884;1948),
which framesangular or ligand-ligand forcesin terms of deviation of central-ligand vectorsfrom
the optimum configuration determined by hybrid orbitalson the central atom. However, the
original paper by Urey and Bradley (Phys. Review, 38, 1969; 1931) states that " Andrews has
made the suggestion that the most promising assumption to make in regard to the restoring forces
in moleculesisthat these forcesto afirst approximation consist of harmonic forces along the
directions of the chemical bonds and perpendicular to them™, and in fact their treatment at least in
itsinitial statement isbased on this assumption and not directly on the assumption of valence
angleforces.

7.6 Terminology

Coordinates. Theword coordinate(s) isused in many sensesin vibrational analysis, which may
be confusing to the uninitiated. 1t may refer to:

1) Atomiccoor dinates, the components of an atom location in terms either of crystal axes
(crystal coordinates or fractional coordinates) or Cartesian axes (Cartesian coordinates).

2) Internal coor dinates, the bonds and angles which are used to specify the force constants or
potential-energy function (morestrictly, the rel ative motions of atomsin changing the magnitude
of bondsand angles). Eachinternal coordinate should ideally be part of aset whichis
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symmetrically distinct from other setsof internal coordinates. VIBRATZ does not actually use
bonds and angles as abasis for the solution of the secular equation - it convertstheseto a
Cartesian basis and solves the secular equation using Cartesian matrices.

3) Symmetry coor dinates, the coefficients used to factor the overall secular equation into smaller
matricesfor theindividual species(VIBRATZ automatically derives symmetry coordinates). The
symmetry coordinates may be based oninternal coordinates or on Cartesian displacement vectors,
and inthe latter casethey are sometimes called external coordinates.

4) Normal coor dinates, essentially the relative motions of the atomsin the normal modes, which
together with the frequencies are the objects of the cal culation.

If aprefix isnot applied to the word coordinate(s), the context will hopefully make the meaning
Clear.

DialogBar. Thisisin effect adialog which is attached to one edge of awindow, in particular the
left side of the Atoms graphicswindow, and the upper edge of the Spectrawindow. Dialog Bars
contain the same type of controls (buttons, checkboxes, edit boxes, etc.) asordinary dialogs, and
these controls apply to what is shown in the window.

ForceConstants. Asfar asinput to VIBRATZ is concerned, these are the second derivatives of
the potential energy with respect to individual members of each group of internal coordinates or
bonds and angles; and al so the products of the derivatives of the potential energy with respect to
pairsof internal coordinates. In atraditional normal-coordinate cal culation carried out using
internal coordinates, theforce constants correspond to symmetrically-distinct setsof internal
coordinates, and interactionsthereof. InVIBRATZ, because of the way internal coordinates are
located, force constants may apply to more than one symmetrically-distinct set of internal
coordinates. In many placesin the output and the input dialogs, the abbreviation Fcon is used to
refer to the sequence number of such groups of internal coordinates. That is, Fcon refersto a
group of similar internal coordinates, all of which may or may not be equivalent by symmetry.

PrimaryFcons (Force Constants). Thistermisused in VIBRATZ when specifying interactions,
torefer to the bond or angle (internal coordinate) groups whose members (primary coordinates)
may individually beinvolvedininteractions.

S-vectors. These vectors, defined by WDC in Ch. 4, p55, are essentially vectors on each atom of
abond or angle (internal coordinate) which definethe direction and rel ative magnitude of motion
in changes of these bonds or angles. Succeeding pagesin WDC define how these vectorsare
calculated for all thetypes of internal coordinates used by VIBRATZ except the out-of -plane
three-atom angle coordinates (for which seethe Angle Force Datadial og).

Secondary Atoms. Inlocating bonds and angles (internal coordinates) in crystals, VIBRATZ
must search through at least part of the 26 unit cells surrounding the "primary" unit cell, to find a
complete and unique set. Atomsthusidentified which are outside of the"primary" unit cell are
called secondary atoms. For bonds, secondary atoms are found mostly in unit cellswith positive
|attice trandlations, but secondary atomsfor angles may bein any of the 26 surrounding unit cells.
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7.7 Coordinating ATOMS and VIBRATZ

Thevibrational-analysis program VIBRATZ and the structure-display program ATOMS are
designed to work together. The structure-display capabilitiesof ATOMS, which has 3-D display
and animation of vibrational motions, among many other things, are much greater than those of
VIBRATZ.

Communi cation between the two programsisthrough the modes (.MDS) binary files, which can
bewritten by either program. Thesefiles contain the detailed datafor each mode, including
atomic motions. Thesefilesare designed for quick accessto the datafor each individual mode, so
all the datafor all modes does not have to be in memory at the sametime.

ATOMS can import the MOT ascii (text) fileswritten by VIBRATZ. These also contain detailed
datafor each mode. ASATOMSimportsa.MOT file, it writesa.MDS (binary) file - this should
bethe same asthe .MDSfilewritten by VIBRATZ. Why bother with two different types of file?
Because the binary .MDSfiles are not portable between platforms (e.g. Intel vs. Motorola
processor).

ATOMS can asoimport themain VIBRATZ .VBR datafiles. Theinformationinthesefilesis
not the same asinthe MOT files- the .VBR datafiles, like ATOMS .STR files, contain complete
symmetry information and only the symmetry-uniqueinput atoms, while . MOT filescontainall
atomsin the molecule or unit cell, without symmetry. The atomic motionsin .MDSand .MOT
filesmust refer to all atomsin the molecule or unit cell. Thus, **do not** import .VBR filesinto
ATOMSif you want to display atomic mations.

When importing either type of VIBRATZ file, ATOM S will read the type numbers modulo 100 -
for example, atom types number 6, 106, 206 etc. will all be converted to 6 (carbon).

Recommended procedure for using ATOMSto show vibrational motions.

1) If youimport an ATOMS (.STR) fileinto VIBRATZ, itisagood ideato use two different
names, for example myfile_orig.STR for the original ATOM Sfiles, and myfile.VBR for the
VIBRATZ file. Thisisbecause you will use another .STR file, without symmetry, to display the
motions.

2) InVIBRATZ, check the MOT file box in the Control window so that a.MOT fileiswritten
during calculation. Thiswill be myfile MOT.

3) INATOMS, import the myfileMOT file. Thiswill rewrite myfileMDS. Thenew ATOMS
filewill be by default myfile.STR. Set up the boundary (for crystals), display parameters,
vectors, etc. asdesired. Most parameters dealing specifically with motion display areinthe
Vectorsand Vibrational Modes dialogsin the Inputl menu. The bonds arejust those specifiedin
VIBRATZ.

4) If you returnto VIBRATZ to recal cul ate with changed forces, it will rewrite myfile MDS,
which can beread by ATOMS, so ATOMSwill remain up to date with the latest VIBRATZ
calculations. On the other hand, if you want to preserve the motions for a particular calculation,
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you can renamethe .MDSfile, e.g. myfile_1.MDS (you must do thisin the operating system).
Y ou can switch between different . MDSfilesin the Vibrational Modesdialog in the Input1 menu.
Y ou can also reread the M OT file, for atomic motionsonly, in the Vibrational Modes dialog.

5) Sarting a new problem. Once you have the parametersin ATOMS set up to your liking,
before importing anew .MOT file, just read an old ATOM Sfile with the appropriate settings.
When you import a.MOT file, the new ATOMS .STR file will have the same name asthe . MOT
file. Or, savethe desired parameters by selecting Save Defaultsin the Settings menuin ATOMS.
These parameters can be reread during import, or later through the Settings menu.

6) Transferring problems across platforms. The binary .MDS files may beincompatible
between platforms (Macintosh and Windows computerswrite the bytes of numbersin opposite
order). Thusyou should transfer the ascii (text) filesmyfile_orig.STR, myfileVBR and
myfileeMOT. When you open the myfile.STR filein ATOM Sfor display of atomic motions, use
the option inthe Vibrational Modes dialog in the Inputl menu to read in the .MOT filefor atomic-
motion parametersonly. Thiswill causewriting of anew myfilee MDS. Rerunning VIBRATZ
should aso rewritethe .MDSfile.

Display parametersin ATOMS. Theatomic radii are controlled during import with the choice
between covalent andionic radii, and by the factor which may be applied - for displaying motions
the factor should normally bewell under 0.5. Y ou can later changeradii globally with the Atoms-
Global option in the Inputl menu. Y ou can change the default radii and atom colorsfor import by
editing the ELEMENTS.ION and ELEMENTS.COV files. (Thefile RADII containsauniversal
table for automatic bond generation - this should not be modified unlessthere are problemswith
automatic bond generation). Bond parameters may be set during import, or reset with automatic
bond generation (Bondsdialog in the Inputl menu).

When importing a.MOT file, bond specifications are taken directly from the VIBRATZ data. If
thereisastructurein memory, and if there are bonds (Bonds dialog in the Input1 menu), the
radius and colors of all the new bonds are taken from the first old bond - if there are no bonds,
radius and colors of the bonds derived from the . MOT filewill be standard (radius 0.0, black rim,
whitefill), or the values of thefirst bond when defaultswere last saved.

7.8 Settings, Preferences or Configuration Files

VIBRATZ hasin the past saved various settingsin two files, SCRPTR and DEFAULTS,
both of which arein the same folder or directory asthe wxVIBRATZ program or
executable file. SCRPTR saves general settings which may be used for al data, such as
frame sizesfor printing and graphicsfile output and is aways saved before exiting the
program. DEFAULTS saves settings which are more particular for each data set - these
may be used astheinitial or default valuesfor anew dataset. The DEFAULTSfile could
be read or written through options in the Settings Menu, and at other times when starting
anew data set or importing afile.

Starting with V6.3, thisinformation is saved in astandard type of filewhich is specificto
the platform (Windows, Mac or Linux), and thisfileisin alocation specific to each user.
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Thus each user will have his or her settings preserved, even if only one copy of the
VIBRATZ folder/directory and executablefileis present. Further, these settingswill be
carried on asnew versionsof VIBRATZ areinstalled.

Specifically the new settingsfileswill beinthefollowing locations:
Windows: \Documents and Settings\username\VIBRATZ.ini

Macintosh: :Users.username:Library:Preferences:VIBRATZ Preferences
Linux: /home/username/.VIBRATZ (notethe period - thisisahiddenfile)
where username is the name of the current user logged in.

The.ini, Preferences or configuration file has separate sections containing the SCRPTR
information and the DEFAULTSinformation.

The SCRPTR and DEFAULTSfilesstill exist. On startup, VIBRATZ looks first for the
user-specific file, and if thisis not present it reads the values from the SCRPTR and
DEFAULTSfilesinthefolder or directory containing the VIBRATZ executablefile.
Thereafter the user-specific fileiswritten and used.

The Windows and Linux versions have separate Help server programs, and these write
their own user-specific preferencesfiles. Thesefileswill bein the abovelocations, and
the program nameis"wxHTMLHelpController" instead of "VIBRATZ". Inthe
Macintosh version, there is no separate Help server program and the data for the Help
windows (window sizes and location and fonts) isin the VIBRATZ Preferencesfile.

In the Settings menu, there are now options to read and write the "archive" SCRPTR and
DEFAULTSfiles- thiswritesthe values currently used by VIBRATZ. If there are
multiple users of VIBRATZ, thesefiles should probably be written only the the system
administrator. All users may read thefilesto get the "standard" or archive values.
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