M OPlot
program for plotting Molecular Orbitals (and other stuff)
version 1.75 for Windows 2000/XP, Linux, and Mac OS9

Introduction and a bit of history

Although many programs are available that can produce very pretty and quantitatively accu-
rate electron density plots from the outputs of quantum chemical calculations, the computation
of each such plot is rather time-consuming, even on current hardware, so viewing several
molecular orbitals, e.g. to choose a set to include in an active space, may require a consider-
able degree of patience.

In addition, the resulting images often do immediately reveal the "nature” of a molecular
orbital very clearly, and images must be turned and twisted around before one gains insight,
e.g. into the nodal structure (note that people who use such plots in publications usually have
to display severa views to make them intelligible to the readers).

In our work we felt the need for a program that would allow usto flip rapidly through a set of
MOs, such as to have an immediate view of their nodal structure and an approximate idea of
their spatia distribution over a molecule. Also, we were sick and tired of trying to adapt the
voluminous pixel images produced by the above electron density display programs for usein
publications, so we wanted a utility that produces vector output.

An solution that fulfills all of the above requirements had actually been proposed and imple-
mented on a PDP 8 computer over 30 years ago by Haselbach and Schmelzer (Helv. Chim.
Acta 54, 1299 (1971)). We dug up that program, which was written with the purpose of dis-
playing MOs from semiempirical calculations in the ZDO approximation, adapted it first to
PCs running DOS and later to the Windows operating system, called in MOPlot and used it
like that for 20 years in Fribourg. Since the 1990s we used it aso to display MOs from ab-
initio calculations, although we had to cut some cornersto do that (see below).

However, the advent of Windows NT/2000 (which lacks a DOS kernel), tolled the death bell
to MOplot, because no-one in our laboratory wanted to forgo the advantages of these much
more stable operating systems just to be able to run this program. So MOPlot began to fall
into disuse, and students made guesses about the shapes of orbitals instead of viewing them.

Then we had the good fortune to gain the collaboration of Dr. Rouslan Olkhov who was en-
gaged to mount a laser flash system for time resolved spectroscopy of matrix-isolated sys-
tems. While he was waiting for parts to arrive he looked over the shoulders of his colleages
and soon realized that there was an apparent need to do something about the demise of MO-
plot. After thinking about this for a moment, Rouslan proposed to rewrite MOplot from
scratch, using the LabView programming environment. At first we were a bit incredulous, but
it was not long before Rouslan produced the first MOplot-style pictures of MOs that looked
much prettier than anything we had had before. In addition it turned out that the user interface
was much easier to program than with any version of Fortran, so we decided to scrap all the
code we had and build on what Rouslan was producing.

After about six months of work, the present version resulted which is not only much better
than anything we ha before, but has the additional advantage that it runs on any platform and
operating system which LabView exists, i.e. Windows, Linux, MacOS. Luckily our Univer-
sity holds a site licence to the LabView professional development system which makes it
possible for us to offer compiled versions of MOplot for all these platforms which run inde-
pendently of the LabView programming environment.
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Featuresof MOplot
MOplot can display

(a) geometries, including the cartesian coordinate axes, atom numbers according to the geo-
metry definition in the calculation. Molecules can be turned in al directions under mouse
control, or, for more precision, using the controls in the "camera' menu. Bonds can be
displayed as cylinders or as ssimple lines.

(b) Mulliken atomic charges, group charges (charges of hydrogens summed into heavy
atoms), and atomic spin populations (for open shell systems), if the corresponding infor-
mation is available in the output of the calculation.

(c) Molecular orbitals (hence the name of the program), according to the protocol defined by
Haselbach and Schmelzer and described below. MO's can be from RHF; UHF al pha/beta
(cf switch in the "MO" menu), or CASSCF calculations. SCF MOs are ordered by ener-
gies, CASSCF MOs or natural orbitals are ordered by occupation numbers.

(d) Normal vibrations, both as displacement vectors and in animated form. For complex mole-
cules where the calculation of the displacements may become slow, a"loop” modeis avai-
lable to speed up the animation.

In addition, MOplot can

(e) compute geometric parameters (bondlengths, angles, dihedrals) for any set of atoms or
midpoints between two atoms (the latter is a unique feature of MOplot).

(f) plot the energy change in the course of a geometry optimization or a"scan" run (similar to
Molden). The geometry at each step of the optimization can be displayed and saved to a
file.

(g) form linear combinations of vibrations. This feature is useful for example to visualize the
circular movement of atoms along degenerate normal modes (presently the different fre-
guencies of non-degenerate modes are not taken into account).

(h) generate (interpreted or encapsulated) postscript output in vector format. Pages can be
configured to hold multiple images of any kind that can be displayed on the screen. can be
placed on a page. MOplot output can be imported into most current drawing programs
(Adobe Illustrator, CorelDraw ...) for further processing.

(i) recognize output from GAUSSIAN98/03 and from GAMESS/US calculations and all
input to the Molden viewing utility, such as it is for example generated by the Molcas
program. In addition, we have defined a proprietary standard format which MOplot also
recognizes. Specifications for that format can be found on the MOplot webpage. Users
who want to interface MOplot to their favorite quantum chemical program should write
scripts that convert the output of that program into the standard format. A sample Fortran
program to achieve thisis also provided on the MOplot webpage..

(k) be freely configured by the user with regard to colors and fonts that appear in the various
displays. In addition, atoggle is available to switch between color and b/w renditions, e.g.
for publication purposes

MOplot has a help mode where all the features in the different menus are explained in pop-up
windows when one moves with the mouse over the feature on which one would like to get
information,
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Rulesfor drawing M O's [Haselbach and Schmelzer, Helv. Chim. Acta 54, 1299 (1971)].

An LCAO-representation of MO'sis given in the ZDO approximation (no overlap densities).
AOQ contributions are

» displayed as single spheres (pure ssAQ's), or pairs of contiguous spheres (pure p-
AQO's) whose (combined) area is proportional to the contribution of an AO to the
electron density at the atom on which thisAO is centered

* In gp hybrid MO's, the area of one sphere is enlarged relative to the other in pro-
portion to the size and sign of the s-contribution. If ¢(s)>c(p), asingle sphereisdrawn
whose center is displaced in the direction of the (px, py, pz) vector in proportion to
the p-contribution. (in MOplot, the s/p ratio threshold where the display switches
from pairs of spheres to single spheres can be changed. The default valueis 1)

Anillustration of this on a progressively pyramidalized methyl radical is shown below.

Limitations, Caveats

It is important to remember that MOplot was originally developed for viewing the results of
semiempirical calculations to which the ZDO approximation is inherent. Its MO display mode
reflects these theoretical models and M Oplot should therefore not be regarded as a program
that yields accurate renditions of ab-initio wavefunctions. If this is what one wants, one
should resort to one of the many fancy commercial or free electron density plotting packages
(e.g. Spartan, GaussView, Molekel ...) which do an admirable job at that. The main purpose of
MOplot is to gain quick insight into the nodal properties of MOs and their approximate
distribution over a molecule. These features can be more easily recognized in a ZDO-type
rendition. such asit is provided by MOplot.

MOPIot knows only about AO-coefficients, it ignores that fact that the same AOs have diffe-
rent exponents in different atoms. Aslong as one stays in the CHON group of atoms and with-
in the realm of valence MOs, the errors introduced by this are usually quite tolerable and cer-
tainly not misleading, but if one does e.g. hydrogen fluoride, the results have very little rela-
tion to reality with regard to the electron distribution. Also, to keep things simple, the contri-
butions of inner and outer split valence basis AO's are simply summed up and polarization
functions are ignored. After this, MOs are renormalized to one, to make them comparable
among each other.

MOPLOT is not a commercial piece of software, and we can assume no responsibility what-
soever with regard to its performance. We have tested it to the extent that we can, and it looks
as though it runs quite reliable. Nevertheless users are very likely to encounter bugs here and
there and we would be very indebted if users would take the time to communicate these bugs
to us.

Interface

When you first open the program you are presented with an stark white square on the left hand
side of the program window (the picture area), and with a collection of menus on the right
hand side. Before you can do anything, you must read a file by clicking on the "open file"
button whereupon you are presented with a standard file selection window. MOplot can only
open Gaussian outputs, Molden inputs, and filesin its proprietary standard format. If you try
for example to open a Word document, MOplot will complain.

Gaussian outputs can assume gargantuan sizes. Since MOplot must plough through the entire
output until it can be sure that is has found everything it needs, opening a file can take allittle
while. Don't despair, eventually it will get there, and it will display in the grey area above the

MOPIot manual Page 3 18.12.2003, TB



tabbed menus what it found. Note, however, that it will not display the molecule in the picture
area until you carry out actions in the program, like changing the controls or moving the

mouse over the picture area.

Once afile has been successfully read, the screen should look something like this:
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The main menu allows user to [open (a new) file], to prepare postscript [output] of pictures
observed in picture area (see instructions below), to get some information [about] the authors
of the program, and, finally, to [stop(the) program] from occupying the precious memory of

the user’s computer.

The picture area is simply the graphics display and has no active interface elements., apart
from the fact that you can twist and turn the molecule in all (hopefully intuitive) directions by
dragging the mouse over it while you hold down the(left) mouse button. To effect rotation in
the plane of the screen, hold down the Shift key. Note the little coordinate system on the left
bottom: it indicates the axes with regard to which the cartesians of the molecule were defined

in the output.

The tab menu contains all the control elements, which allow user to manipulate the datato be

shown in the picture area. Six pages are accessible in the tab menu:

[camera] is provided for better control over the rotation of .

the molecule around three perpendicular axes A
dlide allows an adjustment of the [rotation speed].
At any moment the set of Eulerian angles, which
correspond to the current orientation of the mole-
cule in the picture area, can be memorized via[get
angles from picture] into the a, 3 and @ fields. The
[apply angles to picture] button allows to instantly
change the orientation according to the rotational
angles entered in the a, 3, and @ fields (this feature
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can be used to re-establish a particular orientation). Finally there is a [scal€] slide
to increase or decrease the size of the molecule, and a [light gradient] slide, which

adjusts the depth shading (default: no shading).
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[view] allows to select what one wants to view (except for ven | me | vir | gen | e | mee |

MOs and vibrations, those are controlled in their own -

menus). Atoms are represented as circles whose radii s st PTG
are proportional (including the factors from the scale e

dides) to: o Q s

[atomic size] approximate van der Waals radius of -y T 3 B

the atoms, -SK 0.25 () add durry

[atomic charges] Mulliken atomic charges; —— | P

[group charges]  atomic charges with hydrogens summed
into heavy atoms;
[spin population] Mulliken atomic spin populations.

» Atomic sizes, charges, spins, and the bond thickness can be scaled using the corre-
sponding slides at the bottom of the menu.

* By default atoms are colored according to their nature following to the usua conven-
tions (H: white, C: black, N: blue, O: red, halogens: green etc.). If one does not like
this, one can toggle to [monochrome] according to the colour list in the [misc] menu.
[l1abels] permits to mark the atoms with their ordinal numbers [type], or by their num-
ber in the input geometry [no.].

» If some bonds are missing or one wants to add a special bond, for instance a hydrogen
bond, the two text fields, [normal] and [dashed], are provided, where extra bonds can
be requested by entering pairs of atom numbers separated by single space, one pair per
row. To update the picture with the extra bonds press the [extra bonds] button.
Although “dashed” bonds appear thin but solid on the screen, they are dashed in the
postscript output pictures.

» The [Add dummy] button creates a dummy atom between a pair of existing atoms,
which are specified in two input fields below (such dummies may for example serve to
draw bonds in metalloorganic complexes). Note however that, once created, dummies
cannot be removed!

[mo] controlsthe display of MOs:

camers | vew | mo | ovbe | oo | s | e |

[show MO] must be activated to display MOs; ot )
the first MO that is displayed is = b o 0w
the HOMO. Any other MO is cho- o e ;
sen by its [orbital number]. One = i e
can aways return to the [HOMO] = n g
or the [LUMOQ] by clicking the :
corresponding buttons. e T l“'_:

[apha] [beta] toggle between alpha and beta :

M Os that make up an unrestricted wavefunction;
[MO scale] scale the size of the MOs (without changing the molecule’s size).
[reverse phase] reverse the phases of the displayed MO (this is sometimes useful

if one needs to correlate MOs of two species).

[s/p ratio threshold] the s/p ratio at which the display switches from pairs of spheres
to single spheres (see the above "Rules for drawing MOs")
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[add range of MOs] is only active when output is being prepared. It allows to add a

[show vibration]

range of MOs to the current page displaying them individually in
the picture area during the process.

[vibr] controlsthe display of normal modes (vibrations) caners | vow | o | vin | s | ewa | e
must be activated to display normal crowsbraten () maber | s
modes. The mode with the lowest vectrs @G sinaion

[vectors]|

[animation]

[loop animation]

[save coordinates]

[mix]

[geom] is a utility to calculate geometric parameters (bond-
lengths and —angles, dihedrals) between 1-4 pointsin
the molecule that is currently displayed. The unique

(ev. the most negative) frequency is At g I

....................

displayed. Any other modes may be Sy

animation speed

Cho%n by the'r [number] . _- () lecp animation
default display mode. Red lines are  [peee | masa( Nt
added to each atom which extend oL e

from them along the directions of a
normal mode.

animate the vibration currently displayed. The [amplitude] and the
[animation speed] can be adjusted with the slides below. For large
molecules the animation speed is limited by the capabilities of the
processor. If one finds the animation too slow one can switch to

which simply loops through a series of pictures without perform-
ing any computation. Note: one has to leave the loop mode before
doing anything else.

save a set of coordinates that correspond to a displacement of the
atoms from their equilibrium positions along the normal mode
currently displayed, scaled by [amplitude scale]. This has proven
very useful e.g. in finding transition states starting from second
order saddle points.

mix the currently displayed mode with that selected in the box at
the bottom. This works only in [animation] mode. The dial to the

right allows to chose the phase with which the two modes are

mixed (08: in phase 908: out of phase). This option was designed
in particular to visualize the circular motions that atoms undergo

when they "vibrate" in degenerate normal modes. To show this,

chose a set of two degenerate modes and a phase of 458. Note: If
the frequencies of mixed vibrations are different, the program
treats them as if the ratio of their frequencies were integer from 1

to 6 (six is a maximum since the cartoon is limited by 20 frames

and we need at least 3 frames per vibrational period).

s | vew | mo | vbr | gen | ot | mse

: lid poirts

feature of MOplot is, that these points may but need / e _— 5
not coincide with atoms, they can also be midpoints / '__‘— Fn
between atoms (in which case, instead of a single L o mE
number, the input to the boxes on the right consists of aseree 1 [ = oo &
i distance (R 1 =[ oom A

two numbers separated by a "-"). This has often oo N BN oo -
g o E  -[owm ]°

proven to be very useful to calculate, e.g. the angle
between the two benzene rings in 9,10 dihydroanthra-

cene.

MOPIlot manual

dihedral angle <
lst Foasible bonds

Page 6 18.12.2003, TB



When entering numbers, one may toggle to the next field with Tab. However, after
entering the last number, one must click with the mouse somewhere outside the
boxes to activate the calculation (just hitting "Enter" at the end will not do!)

[List feasible bonds] button creates a list of atoms that appear to be linked by
chemical bonds along with bond lengths. This list can be saved to an ASCI|I file or
copied into the clipboard.

[extra] Thefirst extrafeatureis the option to view the course of
geometry optimisations, similar to Molden. Initialy an
autoscaled plot of all the steps is displayed, with the
relative energy set to zero for the first point.

energy, kealfmol

With the magnifying glass one can zoom in on different 5 & & & & & i s
parts of this plot with various options (or undo azoom = T” l‘?b -
operation). With the hand one can move the plot around,

and with the cursor tool one can grab the cursor and

place it on any desired point (initially it is on the last .9

point which is where one has to grab it first), wherepon

the geometry of this point is displayed (and can be saved

to disk by save step geometry). One can aso move the . 3

cursor incrementally to the left with the green diamond

and to the right with the red diamond at the top right of

the plot.

At any time, for example if one is lost, one can autoscale the plot again.

The second option offers to [remap atomic labels], which overrides numbering of
atoms from input data file according to the custom table which can be edited via

[edit label map].

[misc] contains miscellaneous controls of the way things are | enea | vow | o | wr | gmem | ewa ms:
displayed in MOplot, such as the fonts used to label = = sociaier  dvearor
atoms or to write the information on vibrationsor MOs == == B ] coe
at the top of the display area. Also, if you don't likethe =~ = /" © =@ = j= =
colors of MOs, charges, spins or whatever, the colors s
of just about everything can be changed in this menu. L #E"h L

charge (-] bordsr | charge t- il perspective
The drop-down meu [picture colour style] allows you i %gsimﬁ}i" L
to switch between color, black-and-white, and a black/ e e
white/gray picture style, which are provided for the

purposes of creating publication output for journals which do not accept color
figures.

The [Perspective] slide adds varyiing degrees of perspective with regard to the axis
perpendicular to the screen plane to the picture. Note: perspective appears only in
the picture on the monitor screen and has no effect on the postscript output.

The switch button [write ini file upon exit] allows you to save the present program
parameters in the moplot.ini file. The saved parameters will be taken as default
values next time you open the moplot program. One may also edit the moplot.ini file
(which isin plain text format) manualy. If the .ini file becomes corrupted simply
delete it, and restart MOPlot which will return to its origina default values and
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create new ini file with those parameters if you activate the [write ini file upon exit]
option.

Currently supported program parameters are:

- atomic label font data: font name/size/col or/boldness;
- pictire label font data: font name/size;

- type of atomic labels;

- color table;

- atomic size scale coefficient.

[output] If you click that button in the main menu at the top, MOplot kicks into a mode
which lets you prepare postscript output. The label of the [output] button changes to
[gathering] and a new menu appears below.

occupied MO no. 31 [(HOMO) [Copenfie [ oathering [ abou | hep

elgenvalue: -%.757 eV symmetry: A" orb-t1.out

page layout
323 v

1 2 3
pict ma 31 ma 30

a i
d orbital number C_g a1 alpha € 3% beta
d 7

i ] a 1 2

The first thing you must decide is, how many pictures you want on a page (default:
one, you can go up to twelve by clicking on the bar below "page layout™)

Then, every time you have something in the picture area that you want to add to your
page, click the blue bar on the right side and alittle field with alabel will pop up in
the schematic page layout. At any time you can delete one of the cells by entering
the cell number in the blue field and press [delete cell]. By default the first cell (on
the top left) is deleted. You can aso delete everything by [clear page].

If you add more pictures than fit on your layout, it will tell you how many pictures
do not fit. As you delete cells, these "surplus’ pictures will be added one by one to
the layout. The picture arearemains active as long as you do not "clear" it, or exit the
program. Thus you can also read another molecule and add views of that to the cur-
rent output page.

If your pageisfull, or if you decided that you have everything you need, you have to
write your page to disk. Before you do that you must decide whether you want inter-
preted postscript [ps] (which is what you spool to your printer) or encapsulated
postscript [eps] (which is often used to import into graphics programs).

When you click on [save page] you are presented with a standard file dialog box
which lets you decide how you want to name the file and where you want to saveit.
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So far we have not found out how to go about sending a page directly to a printer (if
anyone has advice, thisis most welcome!), so the [print page] button is not active in
the present version.

Clicking on the [gathering] button gets you out of the output mode, i.e. the output
menu and the blue bar on the side of the picture area disappear.

[help] clicking this button puts MOplot into help mode which means that each time you
move your mouse over a feature in a menu or an area where some information is
displayed, some information on that feature pops up in a little window. If you are
tired of this, click [help] again, and the help menus disappear.
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