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CHAPTER 1

INTRODUCTION

1.1 BACKGROUND

The DRAW program was developed to address various needs
encountered during many vears of molecular orbital calculations,
first using the original MNDO program (QCPE 353) and more
recently the MOPAC program (QCPE 455). DRAW also works with
other programs of the "MOPAC family" including DENSITY (QCPE
492) and MOSOL (QCPE 485).

The primary need was to evaluacte the correctness of
starting geometries prior to performing 1long, expensive
calculations and review the resulting optimized geometries after
calculation. For obvious reasons, this need was best met
graphically. This need has been met by various programs, e.g.
NAMOD (QCPE 370) and ORTEP (Oak Ridge Thermal-ellipsoid Plot,
ORNL-5138) However, earlier programs were developed to run as
batch calculations on large, centralized computer facilities
which generated displays on off-line X-Y plotting devices. The
user had to guess the desired orientation then wait as much as
several hours to receive the output, The user repeated the
process until he finally accepted "nearly perfect" display
results after numerous trials.

Following t.e trend toward increased availability of
interactive ~omputing coupled with new, inexpensive
high-~resolution graphics computer terminals, DRAW attempts to
prove that one picture is worth a thousand pieces of numerical
data. The primary objectives during development have been (a)
ease of wuse, and (b) simplicity of design. You have access to
virtually all of the display parameters and data via simple
commards. Most commands are identified by one or two letters.
Commainds may be entered in either upper case or lower case
letters. DRAW features top-down design with a few branched
m.dules for data input, terminal drivers, and display
generation. Addit! nal program modules can be added to accept
new input file fc-.nats or different graphic terminal protocols.,
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Tne controlling logic of DRAW alcong with all 1information,
rotation, moving, editing, ard stick-figure drawing routines are
within the public domain. The two perspective molecular modeling
sections - NAMOD and ORTEP, originated from source code,
originally from QCPE, but which have been adapted to merge with
the structure and protocol of the DRAW program.

I have done everything possible to remove bugs from DRAW.
The worst bugs, those which cause a program to end fatally, are
virtuaily extinct. Sut, being realistic, in any program of this
size there are bound to be a few minor errcrs left. I will
continue development of DRAW and all reported bugs will be
corrected in later versions.

1.2 GENERAL CAPABILITIES

With DRAW you can display a geometry file in any
orientation. You can remove any atom or group of atoms from the
picture, temporarily or permanently. Rotation commands offer a
variety of methods to orient your molecule. After you find the
desired orientation, the style of display can be changed to the
NAMOD perspective model or to high resolution ORTEP.
Additionaliy, you can edit the actual molecular geometry ¢to
create a new molecular geometry or even a new compound. The new
molecular gecmetry can be used to create a new data file for
subsequent calculations.

DRAW is written in standard FORTRAN-77 (ANSI X3.9-1978, ISO
1539-1980 E) so it should compile, link, and execute properly on
most computers. There are still a few lines of non-standard
FORTRAN code which perform functions which are convenient and
can not be replaced by standard code. This is explained fully in
the chapter titled "DEBUGGING DRAW".

The input modules are designed to accept input and output
files from MOPAC and DENSITY. DRAW automatically recognizes the
type of file. Therefore, you may call your files any name.
However, DRAW was originally written for a Digital Equipment
Corporation (DEC) VAX computer operating under the VMS operating
system, so default file names for files that DRAW creates are
standard DEC names with extensions - but you can override the
file name or change the code.

Finally, except for the dual purpose HELP files, DRAW is
self-contained. There 1is no command file to assign files. When
DRAW is executed, it prompts for the name of a file, assigns it
and operates automatically under your control from there on.
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1.3 CHANGES FROM PREVIOUS VERSIONS
VERSION 1.00 - This was the original QCPE (QCPE 493)
version of DRAW. There should not be a version with an earlier
number. It was contributed to QCPE in June 1984 €from Prof.
M.J.S. Dewar's group at The University of Texas at Austin.
VERSION 2.00
A. Additional graphics devices supported:
1. Retrographics modified terminals
2, DEC VT240/VT241
3. Tektronix 4010
4. Epson FX-80 matrix printer
5. DEC LA50 matrix printer
6. MPI 99 matrix printer

7. Hewlet-Packard color plotter

B, Display of normal modes of vibration
C. Atom labels may be assigned individually

D. Input accepts MOPAC Dynamic Reaction Coordinate (DRC)
files.

E. Corrected error when deleting atoms in EDIT command

F. ORTEP drawings do not flatten atoms on the edges of the
picture.

G. New or modified commands:

1. NEXT [+]## - allows skipping ## intermediate
geometries in the current input file

2. RETRO, VT240, 4010 recognized by TERMINAL command

3. PLOT subcommand of DISPLAY allows selecting device
for off-line plotting. Recognized devices are TIGER
{IDS Paper Tiger), EPSON, LASO0, MPI-99, and Hewlet
Packard (HP) plotters
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4. VIBRATION subcommand of DISPLAY selects vibrational
mode to display
5. LABEL subcommand of DISPLAY
6. MAP subcommand of DISPLAY shows terminal color map

7. MERGE subcommand of EDIT merges geometry
descriptions

8. RADIUS subcommand of INFORMATION searches for
neighboring atoms within a specified distance

H. Change in terminology for NAMOD perspective drawings.

1.4 DRAW REFERENCES

Users are encouraged to reference DRAW in their
publications. The reference should cite the QCPE program number
493 and the version of DRAW. DRAW, Version 2.00, Quantum
Chemistry Program Exchange, Department of Chemistry, Indiana
University, Indiana 47405, No. 493, written by Donn M. Storch.

1.5 ACKNOWLEDGEMENTS

A program of this size is rarely created with no external
help. The following people or institutions have been
instrumental in the development of DRAW.

1, The U.S. Air Force for sponsoring my Ph.D. program,

2. Prof. Michael J.S. Dewar who directed my Ph.D. program,
of which DRAW later became a part,

3. The Department of Chemistry at the USAF Academy for
allowing me the time to improve DRAW,

4. The Frank J. Seiler Research Laboratory (AFSC) also at
the USAF Academy, for the computer time and storage to
work on DRAW,

5. Dr. James J.P. Stewart for advice, editing and general
ideas. Jimmy wrote the original version of subroutine
READER,
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6. The late Dr. Gilbert Grady, St. Michaels College, for
numerous suggestions and assistance on the GIGI
terminal driver,

7. Dr. James Freidheim for his patience in the initial
debugging efforts with the EDIT command,

8. Dr. Y. Beppu who was kind enough to provide

documentation of the NAMOD perspective program which I
had earlier called the NAGOYA representation.

9. Captains Herb Klei and Jon Swanson (FJSRL) for their
suggestions and improvements in 'porting' DRAW,

10. And numerous students and colleagues for suggestions
and advice on what to do with DRAW,

Thank you.




CHAPTER 2

RUNNING DRAW

2.1 INSTALLING DRAW

Before running DRAW someone has to install it on a
computer.

Installing DRAW is covered 1in chapter 8. This 1includes
putting together the source to c¢reate an executable image,
creating a HELP library {(on a VAX computer), and assiging
logical names and symbols to run DRAW from a central directory.
If you are the first person on your computer to have DRAW, you
will have to go through all of chapter 8. However, if someone
else has DRAW running on your computer, the two of you (with
some help from the system manager) can use the one copy. You
will still have to create the operating system pointers so you
can find and execute the program,

2.2 OPERATING DRAW

DRAW is designed to run interactively. You will interact
with the program in a flexible manner. When started, DRAW
initializes certain data areas to allow all symbols except dummy
atoms (symbol XX) to be drawn. The terminal type is set to
NON-GRAPHIC with ZERO lines of text on the screen. Display style
is set to draw STICK figures with atom positions LABELED with
the NUMBER of the atoms. I have chosen these default settings
because they provide the most rapid format of irteraction for
the widest range of uses. You can select your display parameters
easily before beginning the slcwer process of drawing molecules.
(See figure 1.)

DRAW next asks you to enter the name of the input file:

What is name of file [.ARC]
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Because ARCHIVE files from MOPAC are the most commonly examined
files, the default extension for the file name is ".ARC”. DRAW
asks this question whenever it needs a new input file name. If
you press the carriage return without entering a name, DRAW
QUITS. If your response is a question mark "?", DRAW provides
HELP. Any other response is interpreted as a file name. Thus,
the response

G

will cause DRAW to attempt to open "G.ARC" for input. If you
wish to draw a file with any other extension, you should include
the extension as part of the file name. E.g., "METHANE.DAT" will
override the default .ARC extension causing DRAW to attempt to
open "METHANE.DAT" for input.

If your input file does not exist, you will be warned, but
DRAW will then prompt for commands in a normal manner. Of
course, certain commands will not function if there are no atoms
in the geometry. nowever, in this wav, you can create a geometry
description from scratch using the EDIT functions.

The functions of DRAW's commands are covered 1in the next
chapter. They are arranged alphabetically with sub-commands
entered under their principal command.
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Figure 1. Imidazole shown with default settings.




CHAPTER 3

COMMANDS

In general, DRAW responds to simple English 1language
commands. Usually, you need enter only enough letters of the
command to distinguish it from other commands at that level of
the program. Some of the DRAW commands are divided into groups
under a higher level command. For example, under ROTATE there
are seven sub-commands controlling the type of rotation and the
application of the rotation. The hierarchy of commands 1is
indicated in the following manner. When DRAW is ready for a
command, it will prompt with

DRAW>

I call this prompt the "top-level" prompt because it comes from
the highest or top level of DRAW. At this point, any top-level
command, e.g. ROTATE, may be entered. If the c¢ommand does not
have subcommands, DRAW will execute the command immediately.
However, if, as in the case of ROTATE, there are subcommands
available, and you have not specified the subcommand to use, the
ROTATE command will prompt as

Draw: ROTATE>

to indicate that the next command entered will be interpreted as
a subcommand of ROTATE.

In DRAW some commands have optional arguments. In this
manual, such options are identified in special ways:

Plot [integer] [<file name>,*]

In the above example, [integer] is an optional integer. Also,
[<file name>] represents an optional file name (which should be
compatible with your computer's file names) and [*] represents
an alternate, optional reference for the file name.
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You may enter more than one command per line. Each command
will be executed sequentially. For example:

ROTATE CARTESIAN 2 30.0 45.0 0.0

will cause the molecule to be rotated about atom 2 by 30.0
degrees about the X-axis and 45.0 degrees about the Y-axis.
Whereas,

I NQ

will cause DRAW to enter the INFORMATION command level, search
for and print the two NEAREST atoms and then QUIT back to the
top level.

3.1 BELL

Causes the terminal bell to ring when the program is ready for a
new top level command. If you enter B (not BELL), the bell will
ring only the one time. The main use for this command 1is in
drawing large, detailed pictures where the user may not be at
the terminal while the picture is being drawn.

3.2 COMMAND

Allows you to store one line ( approximately 70 characters) of
commands. These commands will be executed after each NEXT
geometry is drawn. To erase (and de-~activate) the stored
commands, type "QUIT" in response to the COMMAND prompt. The
primary use of this facility is in examining successive geometry
descriptions in a file from a reaction path calculation. The
stored commands can automatically monitor the calculated heat of
formation or a specific interatomic distance, bond angle or
dihedral for each geometry in the path. This function is
available as a result of the cohesive nature of DRAW. Generally,
you can "run" many commands together on a single line.

-10_
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3.3 DISPLAY

% %k

NOTE: You must use the QUIT subcommand to leave the
DISPLAY command. The changes requested via
subcommands of DISPLAY will be made after you
QUIT.

See the QUIT subcommand.

Enters the DISPLAY mode. In this mode, you can select or modify

parameters associated with the picture displayed or printed. All

of the display commands affect each of the three display styles,

STICK FIGURES, NAMODI, and ORTEP, in the same manner. While you

are in the DISPLAY command, the prompt from DRAW will be
DRAW:DISPLAY>

which will remind you what type of commands are permitted.

1)

2)

3)

+i# Allows the drawing of any specific atom. To
allow atom number 9, use +9. This subcommand works on
any atom regardless of atomic symbol. This command DQES
NOT ADD new atoms to a geometry description; it allows
existing atoms to be drawn in the picture. The default
setting in DRAW is that all atom numbers are allowed.
See the corresponding "-##" command and the similar +SS
and -SS commands. The interaction between the +/-## and
the +/-SS commands are that an individual atom must be
allowed by both. This is a logical AND function.

-## Masks the drawing of any specific atom. For
example, -9 prevents the display of atom number 9 of
the molecule. The atom 1is not removed E£from the
molecule; it is simply not drawn in the current
picture. This subcommand works on any atom regardless
of atomic symbol. The default setting in DRAW is that
all atom numbers are allowed. See the corresponding
"+44" command and the similar +SS and -SS commands. The
interaction between the +/-## and the +/-55 commands
are that an individual atom must be allowed by both.
This is a logical AND function.

+SS Allows the display of certain elements. To
allow drawing of all hydrogen atoms, type +H. This
command WILL NOT ADD new atoms to a geometry; it simply
allows existing atoms to be drawn., Similarly, +XX
(here, XX is a type of atom called a dummy atom) will
allow all dummy atoms to be drawn. The default in DRAW
is -XX and all other atoms are allowed. See the
corresponding =-S5 command and the similar +## and -##
commands. The interaction between the +/-## and the

_11_
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+/-8S commands are that an individual atom must be
allowed by both. This is a logical AND function.

-8S Masks the display of certain elements. For
example -H prevents the display of all hydrogen atoms.
The atoms are not removed from the molecule; they are
simply not drawn in the current picture. The default in
DRAW is -XX (here, XX is a type of atom called a dummy
atom) and all other atoms are allowed. See the
corresponding +SS command and the similar +## and -##
commands. The interaction between the +/-## and the
+/-8S commands are that an individual atom must be
allowed by both. This is a logical AND function.

BONDS Selects and modifies the criterion by which
bonds are ._elected to be drawn. The default is RADIUS
times 1.4.

1. BONDORDER If the input file contains
bond-order information, DRAW will use it to select
bonded atoms. When you start reading a new input
file, DRAW will decide automatically whether to use
the BONDORDER matrix 1if it finds bond-order
information in the input file.

2. RADIUS If two atoms are within 1.4 times the
sum of their covalent radii, they are connected by
a bond. When a file is first read, DRAW will decide
AUTOMATICALLY whether to use BONDORDER matrix or
RADIUS depending upon whether it finds bond-order
information in the input file.

3. MANUAL You can override the bond selection of
DRAW. You can erase selected bonds or create bonds.
DRAW will start with the current set of bonds
whether from the BONDORDER matrix or RADIUS. You
can then alter the set of bonds. You create a bond
by entering the numbers of the two atoms to bond.
DRAW will not check whether the bond allready
exists or whether the bond makes sense. To remove
bonds, simply make one of the atom numbers
negative. E.g., 5,9 will connect atoms 5 and 9
while ~5,3 will remove the bond between atoms 5 and
3. You can also remove all bonds to an atom: -12,*
will remove all bonds to atom 12. DRAW will not
check whether the specified atoms were bonded
originally.
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COORDINATES You may select the number of
cartesian coordinates displayed on the right hand side
of your terminal. For PLOT style output devices this
command will not affect the coordinate output. Printer
style devices will print all coordinates while X-Y
devices will not list any. You may use i1"is command to
display coordinates on a non-graphic term.al.

HELP Typing H or ? will enter the HELP Zacility.
Once in this facility, you can obtain help in{:rmation
for this command level or any other DRAW commund or
subcommand. For more information on using the HELP
facility, see the HELP command in this chapter.

LABELS Select or remove type of 1labels wused in
picture. The default is NUMBER where the label is the
number of the atom in the molecule. (See figures 1 and
2.)

1. SYMBOL uses atomic symbols to 1label the
position of atoms.

2. MASK prevents drawing of labels for all
atoms. This mode is represented differently in the
different display styles. For STICK drawings,
hydrogens are not drawn and carbons are only sticks
or junctions of bonds. This style 1is chosen to
approximate an organic chemist's idea of line
drawings. In NAMODI, atom circles are drawn with no
symbols at all. In ORTEP, all atoms are drawn but
with the cross hatching commonly seen 1in ORTEP
style pictures.

3. BOTH creates labels with the atomic symbol
and the atom number.

4. USER allows you to enter individual 1labels
for each atom. This may be tiresome for large
molecules but DRAW does offer a default for each
atom in the format of BOTH atomic symbols and atom
numbers., If you use this subcommand £for ORTEP
drawings and specify a blank label, atoms will be
drawn with only a circle: there will be no
perspective cross on the atom.

There is one difference in the action of this
subcommand on ORTEP drawirgs. If you want "normal"
ORTEP drawings which have contour 1lines <crossing the
elipsoids, MASK labels.

_13_
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MAP Will display the color map for elements in
the current geometry display. Next, if your terminal
does not support color or (more likely) if DRAW does
not support color for your terminal, DRAW will tell you
that color is not supported. If color 1is supported,
DRAW will tell you and give you an opportunity to turn
it off. This may be desired if you are making hard
copies directly off the screen and do not wish to have
colors. If you keep the colors, you will be asked |if
you want to alter the color map. DRAW's idea of colors
is:

MAP NUMBER COLOR

1 WHITE

2 GREEN

3 RED

4 YELLOW

5 BLUE

6 CYAN

7 MAGENTA

8 ORANGE

9 GREEN-YELLOW
10 GREEN-CYAN
11 BLUE-CYAN
12 3LUE-MAGENTA
13 RED-MAGENTA
14 DARK GRAY
15 LIGHT GRAY

You may alter the color that are used tc represent any
#lement in your current geometry description or any
other element. T:: above listing does rot include BLACK
which some termi:als call the backgrc.ind color. If your
terminal does not support 15 colors, DRAW will use some
sub-set of the above colors. Every attempt is made to
use distinctive colors.

There is no way to interactively alter the color
map.

NAMODI Selects the NAMODI style of perspective
drawing where atoms are drawn as circles with radii
based on covalent radii and distance from the XY plane.
Bonds are drawn with taper indicating perspective. The
rate of drawing 1is intermediate between STICK and
ORTEP. This style was mistake~ly called NAGOYA in the
previous version of DRAW.
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ORTEP Selects the Oak Ridge Thermal Elipsoid
Plotting style. Atoms are drawn as circles (no thermal
uncertainty). Bonds are drawn as tapered rods. This 1is
a slow method of drawing but produces high quality
perspective drawings. See the note on the LABELS
subcommand regarding ORTEP representation of atoms.
(See figure 3.)

PLOT Allows you to chose the type of off-line
plotting device for which a file is created by the PLOT
command of DRAW. The default device is an EPSON FX-80.
Your choices include various bit-mapped matrix printers
and X-Y plotters.

1. CALCOMP - Creates a plotting command file for a
CALCOMP M84 plotter. This will support different
colors.

2. EPSON - This creates a file which may be directly
printed on an EPSON FX-80 matrix printer. No color
selection is available.

3. HP - Will create a file which may be written to any
XY plotter which supports the HPG graphic language.
DRAW only uses a limited (i.e., small) subset of
the HPG 1language. This plotter style supports
colors.

4. LA50 - Creates a file which may be printed on a DEC
LAS50 matrix printer. This file makes use of the
LA50 data compression capability so printing it at
low data transfer rates is not impractical. This
code also works on a DEC Letterwriter IV. No color
selection is available.,

5. MPI-99 - A dot matrix printer built by the MPI
corporation. No color selection is available.

6. TIGER - This refers to an IDS PAPER TIGER printer.
No color selection is available. This was the only
device supported in version 1.C0.

QUIT Leave the DISPLAY modification 1logic. The
picture 1is re-drawn and will reflect all changes. Note
that none of the changes requested in DISPLAY will take
effect until AFTER you QUIT.
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SCALE You may alter the amount of display area
used by the plotting routines. This ccmmand will show
the current scale factors for hard copy (H=) and for
CRT (C=). The values are altered by specifying which

one to change (eg. C=30 will draw pictures on the CRT
which are 30% of the original size.) Changes made in
the scaling are retained until specifically altered
(see PLOT command at the top level.)

STICK Selects STICK style of drawing. Atoms are
shown by label (if labelling is enabled) only and bonds
are single lines. No perspective is shown. This is the
default mode and is the fastest mode of drawing. I
suggest using the STICK mode to find the desired
perspective and then switching to another mode for the
final drawing.

TITLE You may input up to 80 characters to use as
a title for any style displays. The default title is
blank for STICK or NAMODI representations. The default
title is the file name for ORTEP representaticn.

VIBRATION Display of normal modes of vibration is
available for STICK drawings only (at this time.) The
normal modes are identified by an integer which

describes their energy order as produced in a MOPAC
output file resulting from a FORCE calculation. The
default mode is number 1. For motions which are largely
in the plane of the drawing, the motion is represented
by an arrow showing the direction and magnitude of the
mass-weighted motion of each atom. If the motion is
primarily out-of-plane, the motion is represented by
either an X for motion 1in the positive 2Z-direction
(i.e., toward you) or by a circle with an X for motion
in the negative Z-direction. The motion indicators will
transform as you rotate the molecule. If you would
rather show the direction of mction 1in the opposite
direction, specify the NEGATIVE of the mode number.
E.g., if you request -5, mode 5 will be drawn showing
atom movement in the opposite direction. (See figure
4.)

If you request MODE 0 (zero), vectors will
NOT be drawn. The "normal" style of drawing
will be restored.

DRAW will place the molecule in the orientation used by

MOPAC when the FORCE calculation was done. After you
QUIT the DISPLAY command you can rotate your molecule

-16_
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with the vectors to any orientation you want. Each time
you select a new vibration mode or phase, DRAW will
return the molecule to the orientation MOPAC used for
the FORCE calculation.

Z00M Allows you to select certain atoms or a
portion of the entire molecule to display. This is an
automatic feature similar to +/-##. You may select
atoms to be displayed MANUALLY, by entering the atom
numbers, by automatically selecting all atoms which are
allowed to be OPTIMIZED, or you may select a SURFACE of
atoms. The SURFACE is always parallel to the X-Y plane.
(The X-Y plane 1is parallel to the screen of your
terminal.) Once you select a surface, you can select
the next adjacent surface above (+) or below (-) the
current surface, or you can show the TOP or the BOTTOM
of the molecule.

NOTE: You must use the QUIT subcommand to
get out of the EDIT command.
See the QUIT subcommand.

vides access to all components of the geometry
on. You can change any coordinate of any atom in the

In addition, you can add new atoms to the end of the
description and remove atoms from the end.

are in the EDIT command, the prompt from DRAW will be
W:EDIT>

1 remind you what type of commands are permitted.

4 This is the default mode of operation in EDIT.
Atoms are selected to be changed by simply typing the
number of the atom whose coordinates you wish to
change. If you type only the number of the atom, DRAW
will display the current coordinate description of the
atom. Any part of the geometry may be changed by typing
the atom number followed by a command 1letter and the
new value, e.g.:

_17_
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4 B 1.3 - will set a new bond length of 1.3
Angstrom between atom 4 and the atom to which atom 4 is
related via the current internal coordinate
description.

You may combine all of the changes for any atom on
one line of input:

4 B 1.3 NA 2 NB 3 wiil alter the bond 1length and
change the connectivity so the bond length reference
atom is atom 2 and the angle reference atom is atom 3.
If any of the changes are invalid, none of the changes
will be made.

** CAUTION: The type of coordinate is set
by the MODE command.

a) TYPE Will change the Type (symbol) of the
selected atom. This sub-command may be used with
either setting of the MODE sub-command.

b) ANGLE Changes the bond angle as specified in
the current internal coordinate description.
Internal mode must be set to use this sub-command.

c) BOND Will change the bond length as specified
in the current 1internal coordinate description.
Internal mode must be set to use this sub-command.

d) DIHEDRAL Changes the dihedral angle as defined
in the current internal coordinate description. You
must set the mode to internal to use this

sub-command.

e) IA Change the optimization flag for the angle
coordinate. A "0" here will prevent this parameter
from being optimized in MOPAC. A "1 allows
optimization; while a -1 identifies this
coordinate as a reaction path.

£) 1IB Change the optimization flag for the bond
coordinate. A "0" here will prevent the this
parameter from being optimized in MOPAC. A "1"
allows optimization; while a "~-1" identifies this
coordinate as a reaction path,

g) 1ID Change the optimization flag for the
dihedral angle coordinate. A "0" here will prevent
the parameter from being optimized in MOPAC. A "1"
allows optimization; while a "~-1" identifies this
coordinate as a reaction path,
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NA Change the atom to which the distance
coordinate refers. This sub-command may be used
with either setting of the MODE sub-command. If
your new value for NA is invalid (either greater
than the number of the current atom or equal to NB
or NC) the value will not be changed. If you wish
to change NA and one or more of the other reference
atoms, enter all changes on one line:

NA 5 NC 3 which will change both references
before checking the validity.

NB Change the atow which specifies the
terminus of the angle coordinate. This sub-command
may be used with either setting of the MODE
sub-command. If your new value for NB is invalid
(either greater than the number of the current atom
or equal to NA or NC) the wvalue will not be
changed. If you wish to change NB and one or more
of the other reference atoms, enter all changes on
one line:

NA 5 NB 3 which will change both references
before checking the validity.

NC Changes the atom which specifies the end of
the dihedral coordinate. This sub-command may be
used with either setting of the MODE sub-command.
1f your new value for NC is invalid (either greater
than the number of the current atom or equal to NA
or NB) the value will not be changed. If you wish
to change NC and one or more of the other reference
atoms, enter all changes on one line:

NA 5 NC 3 which will change both references
before checking the validity.

X Alters the X coordinate of the selected
atom. Cartesian mode must be set to use this
sub-command.

Y Alters the Y coordinate of the selected
atom. Cartesian mode must be set to use this
sub-command.

Z Alters the 2 coordinate of the selected
atom. Cartesian mode must be set to use this
sub-command.

DUMMY Insert a DUMMY atom (symbol "XX") at
any point in the current geometry description.
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o)

EDIT N Allows you to edit the three
lines of text from a MOPAC data file. "E 1" will
display the KEYWORD line and ask whether you want
to REPLACE or SUBSTITUTE the text in the line. If
you chose REPLACE, DRAW will read the next line you
type and will place it in the file as the new
KEYWORD line. For small changes, on the other hand,
you can SUBSTITUTE. To use SUBSTITUTE you enter

S/0ld text,/new text/
The ",/" can be any delimiter you wish to use. DRAW
will replace the first match of "old text" with
"new text". The "new text" part can be longer or
shorter that the "old text"” part. For example,

S/ E“RED/'/"

will remove the string "FRED" and replace it with

nothing.
p) HELP Typing H or ? ent=rs the HELP facility.
Once in this facility, you <can examine help

information from this command level or any other
DRAW command or subcommand., For more information on
using the HELP facility, see the HELP command 1in
this chapter.

g) INFORMATION Enters the information routine
directly to allow evaluation of editing changes.
See the section on INFORMATION for more

information.
r} MERGE In respunse to the MERGE subcommand,
DRAW prompts for the name of a file to read:
What is the name of file [.DRW] ?

DRAW will open and read the specifisd file wusing

exactly the same Jlogic by which it r-ads the normal
inpu*t file. Yoo can PR 2 oy cype of  Tile  that
DRAW recognuizes (wLee chaprer 6, "DRAW FILES".)

If there are no atoms 1in the current geometry
Jdescription before your MERGE command, the new file
will be brought in directly with no additional
information needed. 1f there are some atoms in the

- 20 -
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current description, you will have to supply some
of the "missing" internal coordinates. The new file
will lack six internal coordinates:

Atom 1 - distance, angle, dihedral
Atom 2 - angle, dihedral
Atom 3 - dihedral

You will have to provide some or all of these along
with the reference atom(s) NA, NB, and NC. These
reference atoms, of course, must be part of the
current (original) geometry description that was
present before merging.

After you supply the necessary irnternal
coordinates, DRAW will actually jo.n the new
geometry to the current geometry. If you have a
graphic terminal, the new section will be displayed
(subject to the usual constraints of screen
clipping, etc.)

MODE This sub-command accepts two arguments:

a) INTERNAL Tells DRAW to accept commands
which affect INTERNAL COORDINATES only. Such
commands usually identify which coordinate type
is expected by the syntax of the prompt. (See
the "+" command in this section.)

b) CARTESIAN Tells DRAW to accept commands
which affect CARTESIAN COORDINATES only. Such
commands usually identify which coordinate type
is expected by the syntax of the prompt. (See
the "+" command in this section.)

The setting of MODE affects the action of the "§#"
command as well as the "+" command.

+ This 1is a powerful method of building
complex structures. Typing "+" causes the program
to prompt for the coordinates of a new atom. If
INTERNAL COORDINATES are expected (see the MODE
command in this section) the prompt will be as:

IC of atom 23:
If, however, CARTESIAN COORDINATES are set:

CC of atom 23:
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The setting of the MODFE c¢ommand controls whether
"+" accepts Inte nal or Cartesian coordinates. The
new atom number will be N+1; 1i.e., the new atom
will be placed at the end of the geometry
description. You must specify the values of NA, NB,
and NC, even for cartesian coordinates. Data input
is free format, as is most of DRAW, and must
contain: Atomic symbol, Distance, Angle, Dihedral,
NA, NB, NC. If you wish, you may also 1include the
optimization codes for the internal coordinates.
Each new atom entry is scanned for errors before
being added to the gecmetry description. On a
graphic terminal, the new atom will be drawn in its
proper place wunless the position 1is beyond the
viewing area of your screen. Any potential bonding
interactions between the new atom and previous
atoms will be drawn. Then each atom in the geometry
description will be re-evaluated to see if the
number of potential bonds exceeds the "normal"
valency. You will be notified of any violations.

** NOTE: Pressing the carriage return on an
empty line will cause the ADD mode
to quit.

Be sure to u: * the OUTPUT command to create a new file
with the new jeometry description before you QUIT DRAW.

—#4 Typing "-#4#" causes the ## numbered atom to
be deleted from the geometry description. It is
actually removed (as opposed to the action of commands
in DISPLAY.) If ## 1s not specified the highest
numbered atom in the geometry descripti. . deleted.
If the specified atom 1is usel as a reference for a
subsequent atom in the description, DRAW will tell you
and will refuse to delete the atom. Before you can
delete the atuwm, you must alter the later atom which
refers to it (by setting the MODE to cartesian and by
changing the reference entry). The only atoms which
cannot be deleted are the first three atoms in the
description. If you must delete one of these, the
easiest methcd 1is to change the atom type to DUMMY
(symbol XX).

The action which DRAW uses to delete an atom depends
upon whether you are deleting the last (terminal) atom
of the current geometry description, by the "-" command
or some other atom, "-##". A terminal atom is actually
removed from the geometry description at the same time
that it is erased from the display. The number of atoms

- 22 -
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in the description is reduced by one. It is as though
the atom never existed.

khkhkkhkkkikhkhkhkhhkhkhkhkhkhkkhkhhkkkkkkk

THIS ACTION IS IRREVERSIBLE.
AAAKAKRKRKAKAAAAKAAAARARAKXK KX X

On the other hand, if you delete any atom other than
the terminal atom, DRAW will "mark it for deletion".
Actually DRAW changes the type of atom to "DD". (DO NOT
do this yourself with other editor functions - this
would cause severe problems.) DRAW checks whether any
subsequent atom in the description explicitly refers to
the atom you want to delete. If any do, DRAW warns you
and will not mark the atom for deletion. The atom is
not removed from the description until you QUIT the
EDIT function.

Ahkhkhkhkkhkhkhhhkkhkhkhhkhhrxkkhhhkhhkhkhk

THIS ACTION IS REVERSIBLE.
KhkhkkARKKKRhhhhkhxhkAhkhhhhkk k& &%

If you alter the atom TYPE so it is NOT "DD", it will
not be deleted when you QUIT the EDIT function.

3) PICTURE During normal operation, EDIT does not
re-scale the display. As a result, some changes to a
geometry may place an atom beyond the edge of the
display area. When this happens DRAW will clip (or
truncate) that portion of the picture. PICTURE will
cause the current geometry description to be re-drawn.

4) QUIT This is the only way to get out of the EDIT
command. If you have made .ny editing changes, DRAW
will re-draw the picture. This is done to re-adjust the
graphic parameters to allow sufficient borders for
subsequent DRAW activities.

3.5 GIP

Command: GIP [<filename>] [##]

This command produces a special GIP (Geometry Interchange
Program) file. The file will be named <filename>.GIP and can be
edited via any text editor. The optional argument [##)] causes
all of tne internal coordinate references, NA, NB, and NC, to be

_23‘
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offset by the number of the argument. E.g., GIP 5 will cause
five to be added to each internal coordinate reference. This is
handy for off-line (i.e., outside of DRAW) merging of files. 1If
you wish to combine two separate molecular files containing, for
example, 5 and 8 atoms, you could create a GIP file of the
larger molecule with an offset of 5 atoms. This file could then
be added to a GIP file (with offset of zero) of the smaller
molecule. The resultant file may require some minor editing but
most of the reference atoms will be correct. See the chapter
titled "GEOMETRY INTERCHANGE PROGRAM",

3.6 HELP

Typing H or ? will enter the HELP facility. Once in this
facility, you can examine help informaticn for this command
level or any other DRAW command or subcommand. The HELP facility
works similarly to the DEC VMS help facility. Once in the
facility, you may move up or down the hierarchy of commands and
subcommands to find any information. You move down the help
structure by typing a topic of interest from the 1listing of
available topics. Topics are recognized by entering enough
letters to identify the topic uniquely. You move up the help
structure by pressing the carriage return without entering a
topic. The prompt format tells how far down the help structure
you have gone. For example,

HELP: DRAW:
is the highest level in the help facility. While

HELP: DRAW: ROTATE:

is one level down in the help facility. You exit HELP by moving
up the help structure above the highest level.

** NOTE: Do not use QUIT to leave the HELP facility.
Exit HELP by moving up the help structure
above the highest level. Simply press return
a number of times until you have exited the
facility. 1If you do type QUIT, the HELP
facility will explain how the QUIT command
works.

»

The information available through HELP is containe’ in a
separate file "DRAW.HLP". This separation of help text from the
executable provides easier maintenance of both the executable
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code and the help information. The file DRAW.HLP can be used by
VAX users to construct a help 1library which 1is available to
users via the VAX VMS help facility.

The source file, "DRAW.HLP", can also be used by MOHELP (QCPE
454). Indeed, MOHELP is actually the same subroutine as DRAW's
HELP function but written as a stand-alone function capable of
reading other help files.

3.7 INFORMATION

** NOTE: You must QUIT to get out of INFORMATION.
See the QUIT subcommand.

This section provides information about the molecular
description and the input file.

While you are in the INFORMATION command, the prompt from DRAW
will be

DRAW: INFORMATION>

which will remind you what type of commands are permitted.

1) ## This is the normal mode of the INFOR!® TION
command. The basic mode of this routine is geor cry.
The routine can provide:
## - atomic symbol, cartesian coordinates
and bonded neighbors

4, 44 - distance between the specified atoms
i, 48,44 -~ angle described by the th::e atoms
$4,44%,4%,44 - dihedral described by the four atoms

Eg. 5,21,3 will report the angle described by the

three atoms. The atoms do not have to be connected

in any way. ATOM NUMBERS MAY ALSO BE SEPARATED BY
SPACES.

2) EBOND ORDER If the input file has a bond order
matrix, it is printed.

3) COUNT Prints the number and types of atoms
(including dummy atoms), the number of orbitals and
number of electrons and the chemical formula.

_25_
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FILES Lists the names of files used for input.
Output files are not created until the proper commands
are entered; e.g., OUTPUT, PLOT, GIP, etc.

HELP Typing H or ? will enter the HELP facility.
Once 1n this faciiity, you cann examineé help information
from this command level or any other DRAW command or
subcommand. For more information on using the HELP
facility, see the complete HELP command described
zar.ier in this chaoter.

INFORMATION Prints the first three lines of the
input file (if internal geometry or archive). If the
input file is an archive or output type, DRAW will list
various calculated values: Heat of formation, 1P,
dipole, reaction coordinate, reaction coordinate
gradient, and gradient norm. If the input file is from
a dynamic reaction coordinate (DRC) calculation of
MOPAC, DRAW will list the associated energies with the
current point,

NEAREST Prints the numbers and separation of the
two closest atoms in the molecule. Dummy atoms are not
included.

QUIT This 1is the only way to leave the
INFORMATION command. Since nothing in INFORMATION
alters the screen display (except HELP), DRAW will not
re-draw the picture. You will return to the level from
which you called INFORMATION.

RADIUS Searches a sphere with radius you specify.
Prints all atoms in order of increasing distance from
the atom at the center of the sphere.

RADIUS ## [distance] [Atomic symbol]
The default radius of search is 5.00 Angstroms. I°

you specify an atomic symbol, only atoms of that type
which are within the radius will be reported.

SYMMETRY If the input file had user specified
symmetry relations, they are printed.
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11) VALENCE Prints all atoms which have more than the
normal number of bonded neighbors. The selection of
bonded atoms is described in the BOND subcommand under
the DISPLAY command.

3.8 LAST

Undoes the last rotation. This command will not extend backward
beyond an EDIT session. See the ROTATE command.

3.9 MOVE

Allows movement of any or all atoms in <cartesian or internal
space. The choices of movement include:

1. CARTESIAN You can specify movement of all atoms by
cartesian coordinates

2. INTERNAL COORDINATES You can specify movement of all
atoms by internal coordinates

Once you have chosen the coorinate base by which you will
specify the movement, DRAW will prompt for more information. If
you request CARTESIAN coordinates you can move the entire
molecule or individual atoms. If you want to use the Geometry
Interchange Program (GIP) method to combine files, this
sub-command can position the whole molecule in 3--D space to be
combined with another file. Look at the chapter on GIP.

If, on the other hand, you use INTERNAL coordinates you can
specify the movement as a function of a NORMAL MODE of vibration
which is produced from a MOPAC force calculation. Every atom can
be moved according to the normal vibration modes. DRAW will ask
for the normal mode to use. Movement can be positive or
negative. Of course, the input file MUST contain normal modes
for this feature.
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3.10 NEXT

Command: Next [Reset] [+([##]]

The program will attempt to read another geometry
description from the current input file. If the end-of-file is
encountered, you will be prompted for a new file name. The
command

NEXT RESET

will clear all rotation information from the current geometry
and read the next entry in the same input file. If RESET is not
used the next geometry will be drawn with the same rotations as
are currently in effect. The option +## will cause DRAW to skip
over ## intervening geometry descriptions while omitting the +
will cause DRAW to read forward to point ## in the current file.
These options are primarily for use with the output from a MOPAC
DRC calculation. If there are not ## calculation points
remaining in the input file, DRAW will encounter the end of the
file and will ask for the name of a new input file.

3.11 OUTPUT

Command: Output [<filename>[.DAT],*]

The program will write a file suitable for input to MOPAC.
The first three 1lines of the file will come from the original
input file. The internal coordinate description will reflect all
changes made using MOVE, ROTATE or EDIT commands. Specifying a
file name will override the default name. Specifying * for the
file name will use the default file name but ignore any
directory or subdirectory prefixes.

3.12 PLOT

Command: Plot [scale integer] [<filename>[.PLT],*]
The program will write a file which can be printed on the

type of off-line device selected by the PLOT subcommand of the
DISPLAY command. The file will produce a picture which reflects
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the current display options in effect. The file IS NOT
immediately dispatched to the printer. SCALE INTEGER 1is the
percent of full page to be to be used by the picture (default is
100%). Specifying a file name will override the default name.
Specifying "*" for the file name will use the default file name
but ignore any directory or subdirectory prefixes.

3.13 QUIT

Exits the program and restores the terminal (if necessary) to
non-graphic operation. If you have made any changes to the
geometry via rotations of groups of atoms, or movement of groups
of atoms, or by editing the description, the program will not
allow you to exit without giving you a chance to save the
modified geometry with the OUTPUT command.

3.14 REFLECT
Format: REFLECT [XY,XZ,YZ,INVERT]
Performs a reflection about the specified plane (XY, Y2,

XZ). this occurs about the absolute coordinate plane, not
relative to the molecule.

3.15 RESET

Causes all rotation information to be cleared and the molecule
to be re~drawn from the internal coordinates.

3.16 ROTATE
Allows rotation of any or all atoms of a molecule. Rotations
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follow the right hand rule, That is, if you place your right
hand so that your thumb is pcein*ing in the direction of the
vector of rotation, positive rotation is the direction your
clenched fingers curve. As viewed from the hase of the thumb,
positive rotatica is c! ‘ae. Negetive angles of rotation are
allowed.

NOTE: You may have 4o Q7T the RCOTATS command.

the prompt from DRAW will

While you are in the ROTH" X
be
DRAW:ROTATE>

which will remind yeou what tvpe of commands are permitted.

rotation about
Xes on the specified
, the positive X direction 1is

sos it v ia teward the top of the
of the screen toward you.

1) CARTESIAU
the three CF
atom. In <ne
toward your $
screen, and vpositive Z is

Input: RTOM UMzl ¥ o ideaorees), Y (deg), Z (deg)

2) EULERIAY Per £o

L ified rotation by the
three Buler arci=s ohoot the gpecifie

d atom.

Input: & UM Inilw, THETA (degrees), PHI (deqg),
PSI (deg
3) GROUP You may specify any atoms in the molecule

to be rotatsd. Ne information is regquested until the
type of rotation ia started, thep the program will ask
for a listirg of rho aropc tn be rotated. Rotation of a
methyl agroup couvis U : +the followling manner:
(prompts and mosages Trom bhe DRAW program are
represented in cerpite while user responses are
represented in ow and by numbers.)

DRAW: ROT

GROUP S

DRAW: ROT&VE> peir 4,5,25

INPUT LIST GF ATO¥ML 0 MOVE: 7.8,9

DRAW: ROTRTD

The above exampl- w0 R A g.:oup (carbon
atom 5 withr v ‘ 3 I % which 1s bonded to

atom 4 by 35 d-ooens snont Uhe

4) HELP Typing our o« wil' enter the HELP  facility.
Once in this faciliry, you can examine help information
from this command level o' any octher DRAW command or
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subcommand. For more information on using the HELP
facility, see the HELP command in this chapter.

NOGROUP This will clear the GROUP request
indicating that the whole molecule is to be rotated.
This is the default action of ROTATE.

PAIR The rotation is performed about the vector
defined by any two atoms. The first atom specified is
the start of the vector and the second atom indicates
the direction of the vector.

Input: ATOM NUMBER, ATOM NUMBER, ROTATION (degrees)

For example, 5,9,25 will rotate the molecule about
the vector from atom 5 to atom 9. Applying the
right-hand rule would place the thumb toward atom 9.
Tt.e molecule will be rotated 25 degrees in the
direction your fingers curl.

QUIT Exit the ROTATE command and return to the
top-level of DRAW. If any rotation commands have been
entered, the picture will be re-drawn. In many

instances, you may wish to do only one rotation of the
whole molecule. If the rotation command is entered on
ONE LINE from the top level prompt, the rotation is
performed and DRAW returns to the top level, e.g.

DRAW> ROTATE CARTE