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Introduction 9

1 Introduction

The topics in this section give information about the capabilities of ATOMS, what
information is needed to draw a structure, general procedure for starting up, and a description
of the calculations.

See:

Types of Windows for more information about the windows which are used;

Menus and Dialogs for detailed help on input;

Reference for general topics;

Tutorials for some simple examples of input.

1.1 Capabilities of ATOMS

ATOMS isa program to display atomic structures of al types, includingmolecules,
polymers and crystals, and combinationsof any of these.

If symmetryis used, the coordinates of only one atom of each equivalent set need to be
entered. The symmetry elementsfor all 230 space groups and 32 crystall ographicpoint
groups are on fileand can be called up by number or with their standard symbols. Non-
crystallographic symmetry - such as pentagonal or icosahedral - canalso beused. An
auxiliary program SY MGRP isprovided to derive complete symmetry matrices for any
point group. ATOMS also supports Shubnikov symmetry for illustration of magnetic or
other vectorial aspectsof structures.

The boundaries for drawingsof crystals and polymers can be specified in severa ways.
First, the contents of any givennumber of unit cellscan be shown by setting limitsto
trangdlational repetition. Second, any crystal faces, at any distancefrom the origin, may
form the boundaries. Third, there is an option to show a dice of the structure parallel to a
specified face with thickness equal to the d-spacing. Different boundary levels may be
specifiedfor different atoms if necessary. Fourth, a sphere about any atom or arbitrary
point may be shown. Fifth, all moleculesor other bonded units may be identifiedand
shown intheir entirety.

Molecules, polymers or other bonded groups may be isolated (independently of thefifth
boundary option above). The generated atoms may be converted to input atoms, so that
individual atoms may be deleted, removed or otherwise modified without affecting
symmetry- or lattice-equivalent atoms.

Individual structure fragments may be combined to model twinning, epitaxy and
crystallinedefects.

© 2002 Shape Software



10 ATOMS Help

There are several ways of displayingatoms and bondsin the Standard display mode: (1)
spherical atoms and stick or linebonds; (2) linebonds only; (3) interpenetrating spherical
atoms; (4) coordination polyhedra. Any of thesetypes of representation may be
intermixed ina singledrawing. The same representations are availableinthe 3D display
mode. In addition, there isa thermal ellipsoidmode which draws atoms and bondsin the
manner of ORTEP (by Carroll K. Johnson).

Shading, according to angle of illumination,can be automatically applied to atoms, bonds
and polyhedrain the Standard display mode. The 3D display mode, which uses OpenGL
(Windows) or QuickDraw3D (Macintosh) provides additional options for lighting and
material properties. The 3D mode can display thermal ellipsoidsina variety of ways.

The Cavitiesdisplay mode shows a surface enclosing the possiblecenter locationsof a
given-size spherical particle within the unit cell.

The drawing may be shown in strict projection, or in perspective at any given perspective
distance. Exact scales may be specifiedin terms of inchesor centimetersper Angstrom
for the hard-copy output.

Atom labelsand bond distances may be automatically added, drawn in proper location for
stereopair views.

Hard copy can be made with dot-matrix printers, laser printers, inkjet printersor pen
plotters. Also, you canwrite raster or bit-imagefilesin severa formats as well as vector
files, for usein other software. Filescan also be written in 3D formats (3DMF, VRML).

1.2 Information Needed to Draw a Structure

The firstthree categories of information listed below are intrinsicto a given structure, and
do not change inthe course of acalculation. These categories require very specific data
from some source, if the structure isnot theoretical or imaginary. Some sources of
structural information are listed at the end. Categories 4 and 5 are somewhat arbitrary,
but are generally fixed by chemical or geometric considerations. Categories 6 and 7
describe not so much intrinsicinformation about the structure, as attributes which are
assigned for display purposes.

1. Reference Axes/Coordinate System/Unit-Cell Parameters.

The natural coordinate system for crystalsisthe crystal axes, which givethe length
and direction of the lattice translations. These are specified by as many as three axis
lengths and three interaxial angles (a fourth redundant axiswhich isfrequently used in
hexagonal and trigonal crystalsisignored in ATOMYS). The axistypesfall into seven
different crystal systems, depending on the constraints of symmetry on the equalityin
length of the axes and the interaxial angles. The coordinates of atoms and indices of
face (if present) in the crystal systemare eventually converted to coordinatesin a

© 2002 Shape Software



Introduction 11

Cartesian systemwith a standard orientation (z = ¢, x = a*; see section IV-6), but
Space-group symmetry operations (reproduction of atoms within the unit cell) are
most easily carried out on the original crystal coordinates.

Coordinates of atoms inmolecules are usually givenina Cartesian axial system. There
are complications, however, if the moleculehas one 3-foldor 6-fold axisof symmetry,
I.e. hastrigonal or hexagonal symmetry. The method of symmetry input most
conveniently used for crystalsin ATOMS assumesthat the reference axes also have
this symmetry (which is not true for Cartesian axes). In this case two alternate
approaches may be taken: (1) choose trigonal or hexagonal "crystal” axes (ag and a2
axesat 120 degrees, ¢ axisat 90 degreesto a1 and a2) and givefractional atomic
coordinates in terms of these axes (section 1V-5.1); or (2) generate Cartesian
symmetry matrices with the program SYMGRP and use Cartesian coordinates.

2. Atom Coordinates.

Any structure must be specified by the locations of the atoms. In the case of crystals,
thisisnormally done interms of fractional coordinates on the structure axes. If
symmetryis used, only one atom of each equivalent set need be entered. Atomsmay
be grouped by types (e.g. al S atoms, all C atoms, etc.) to facilitate location of bonds
and polyhedra.

When drawing magnetic or other vector structures, the coordinates or indicesof the
vector on eachinput atom isrequired.

3. Space- or Point-Group Symmetry.

This describes theway the atoms are repeated by the symmetry operators. The
combinationsof symmetry operators fall into alimited number of groups called space
groups for crystals, and point groups for molecules. At aminimum,it is necessary to
know which of these groups the crystal or molecule belongs to. The standard
reference for space groups isthe International Tables for X-ray Crystallography,
published by Kluwer (4th edition). All of the 230 space groups are listed by number in
VolumeA, or Volumel in older editions(all references to the Tables will assume
Volumel or A), and itis only necessary to givethis number, or the standard Hermann-
Maughin (International) or Hall symbol of the space group.

For molecules, ATOMS can aso use the data from the Tables to provide the point-
group symmetry given the standard symbol for the group (either the International
symbol or the Schoenflies symbol), subject to some orientation restrictions, and to the
limitationthat the point group is crystallographic, that isthat it belongsto one of the
seven crystal systems.

If astructure isdescribed ina crystallographic space- or point group in whichthe
orientation or choice of originis non-standard, it isstill possible to enter the symmetry
by essentially copying the informationin the Tables or other source, provided the
symmetryis described in the standard format.

© 2002 Shape Software



12 ATOMS Help

Point groups containing n-fold axes with n equal to 5 or larger than 6 aretheoretically
possiblefor molecules or one-dimensional polymers but not crystals. For such cases,
the symmetry must be entered in the form of Cartesian matrices; these matrices, for
any point group, can be prepared with the auxilliary program SY MGRP.

4. Boundaries of the Structure.

For amolecule, it may be presumed that all atoms entered, and usually all those
generated by symmetry, areto be shown inthe drawing, although selected individual
atoms can be hidden or "deleted” after generation of the structure (see

Deleting Atoms). Crystals and polymers, however, are ideally infinitestructures, in
whichthe unit cell is repeated by trandation in as many as three directions, and some
limitationsmust be placed on the extent of this repetition by trandation. 1nsome
crystalsit may be desirable to isolatemolecules or other units. There are several
different waysthat such limitationscan be imposed inATOMS — see

Boundary Options.

5. Definitions of Bonds and Coor dination Polyhedra.

To specify bonds, you only need to give thetypes of the two atomsinvolved, and
minimumand maximum bond distances between the two atoms; al bondswith these
specificationsare automatically located. These bond specificationscan also be derived
automatically from a set of atomic radii. To specify polyhedra, you need to givethe
type of the central atom, the coordination number, the types of the coordinating atoms
or ligands, and the maximum distance between central atom and ligands. Normally, all
polyhedrawill beidentified except incomplete polyhedra, i.e. those in which some of
the atoms are not within the specified structure boundaries. If the coordination number
and/or bond distances are not known, they can be determined with preliminary runsin
whichincomplete polyhedraare also accepted.

6. Sizesand Colorsof Atoms, Bonds and Polyhedra.

In the Standard display mode, atoms are shown as spheres if they are shown at al; the
radius (in Angstroms) must be specified. Bonds can be represented as singlelines, or
as"gticks" or cylinderswith a givenradius. If atomsinterpenetrate, there isno size
parameter, but abond between thetwo atoms must be identified (item 1-3.5 above) if
the junctionis to be handled properly in the Standard display mode (thisisnot
necessary for the 3D mode). If acolor screen display isused, colors may be assigned
to the atoms and bonds according to several schemes. For the dot-matrix plot
(including laser printer) and black-and-white screen displays, different shades of gray,
normally represented by dot-patterns, may be specified for atom or bond colors. For
pen plots, different pen numbers or colors may be specified for different atoms, bond,
and polyhedra.

For drawing inthe thermal ellipsoid mode, temperature factors are required for each
atom, although default isotropic values are used if the temperature factors are not
availablefor a given atom.
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7. Orientation, Projection, Scaling.

These things al have defaults, but can be changed after initial input, and it may require
some thought and experimentation to findthe best settings. See Coordinate Systems.
The projection may be orthographic (straight down the x-axis) or perspective.
Perspective generally gives the most realistic appearance, while orthographic retains
strict geometric relations and scaling. The drawing may be on some fixed scale(in

inches or centimeters per Angstrom) or expanded automatically to fill the plotting
area.

Sour ces of Structure Information. The two principal journasfor crystal and molecular
structure information are Acta Crystallographica and Zeitschrift fur Kristallographie,
although many other chemical, biological and mineralogical journal spublish structure
determinations. Structure information is periodically summarized in Sructure Reports
Most of the important structures are described by R.G. Wyckoff, in Crystal Structures (7
Volumes).

There are many sources of structure data in the form of computer files. Seethe

Import Files option in the File menu for details on the formats supported by ATOMS.

1.3 Starting Up

When ATOMS isstarted, you see the Startup Window, which hasbuttons for the usual
waysto input data. The same choicesare inthe Filemenu. Thereisachoice of starting
anew file(New), opening an old file(Open), or importinga file(Import File). Also, a
list of filesrecently worked on isshown in the File menu - single-clickingon one of these
will open the file.

When you double-click on an ATOMS datafile (.STR file) instead of the program icon

the fileisread in and you see amessage box giving you the choice of calculatingthe
structure or cancelling (see below).

The firsttime you run ATOMS you may want to check the dialogsinthe Settings menu,
especiallythe Preferencesdialog. If youintend to use apen plotter [Windowsonly], you
should select the Pen Plotter Settings command, and verify or changethe settings as
needed. Likewise, you many need to changeor verify the PostScript Settings.

Opening a sample fileor an old structure file. Y ou can read in one of the samplefiles(in
the SAMPLES sub-directory) or folder, using the Open command or the most-recently-
used list in the File menu. Alternatively, when ATOMS is not active, you can double click
on one of the ATOMS data files (.STR files).

Entering a new structure. You can enter anew structure with the New itemin theFile
menu. Thiswill step automatically through all the categories of information necessary.
Between each of the maindialogsin this sequence there will come adialog titled "Enter
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14 ATOMS Help

New Data Set". Thisdialog givesyou a chanceto back up to the last dialog completed,
or to abort the New data entry. You can causethisdialogto be omitted with Preferences
in the Settings menu.

The firstpart of theinput iscommandsin the Inputl menu. The first three categories,
Title/Axes Symmetry, and Boundary, are all mandatory. The next three categories,
Crystal Forms, Atoms, Polyhedraand Bonds are optional, although all structure
drawings must have either atomsor acrystal shape (forms). If the data entry isaborted
during thisfirst sequence, the entire fileisabandoned.

At this point, you havethe option of stepping through the remainingitems, whichare
from the Input2 menu and mostly control the way the structure is displayed, or of
accepting default values. (Y ou can cause the current values and settings in the I nput2
menu to be used as the defaultswith the Save Defaultsitem in the Settings menu.) The
data entry can be aborted at any point during this sequence and the new data set will be
preserved.

Importing afile. Thisrefersto filesfrom other software. New formats are frequently
added, so see on-linehelp for details.

After an old ATOMSdata set or animport filehasbeen read in or a new data set entered,
you are asked if youwant to "..calculate now". If you reply Yes, the structure is
calculated and should appear inthe Graphics window in ashort time. If you reply No, the
Graphics window is blank when it opens; you can then modify the data for the structure
or the display parameters using the menus and dialogs, as described in Chapter 111. When
corrections or additions have been made, use the Calculate command inthe File menu.

Whilethe structure is plotting in other than the 3D display mode, pressing any key will
temporarily halt the plot. Pressing Escape will then abort the plot, while any other key
will continue the plot. The plot cannot be halted if double-buffering isin effect
(Preferences dialog, Settings menu).

The Calculate command inthe File menu and the Replot command inthe Display menu
are two of the most important and frequently-usedin ATOMS. Calculate constructs
crystal facesfor boundaries (if used), reproduces atoms with symmetry and lattice
trandations, identifiesatomsin bonds and polyhedra, and then plots the structure inthe
Graphics window. You must use this command if you change anythingwhich determines
the number and location of atoms, or the atoms involved inbonds and polyhedra. This
includes many parameters in the dialogs of the Input1 menu, although there are are also
some parameters, such as atom, polyhedron and bond colors and atom and bond radii,
whose changes do not require recalculation. Replot simply redraws the structure without
changing the listsof atoms, polyhedraor bonds. Changes in any of the parameters in the
dialogs of the Input2 menu can be put into effect with Replot.
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The Calculate and Replot commands are also inthe Dialog Bar - Left, which are both
controlled in the Display menu.

14 Description of the Calculations

It isimpossibleto give a complete description of the cal culation methods, but some
account of the procedures should be helpful to guide the use of the program.

L ocating Atoms, Bonds, Polyhedra and Vectors

If crystallographic symmetryis present, symmetry operations in the formgivenin the
International Tables for X-ray Crystallography are converted to matrices. For non-
crystallographic symmetry (e.g. pentagonal, icosahedral) the matrices, generated by the
auxilliary program SYMGRP, are read in directly. Theatom coordinates are multipliedby
these matrices, and trandations are added if there are screw axes or glide planesin the
space group, to findall the atoms in the unit cell or molecule. The coordinates of the
atoms arethen converted to a Cartesian systemif necessary.

If the structure is amolecule, then no further location of atomsis necessary, but for
polymers or crystals, the lattice trand ationsmust be applied, subject to one of several
types of boundary. In some cases, especially for polymers, it may be sufficientto take all
atoms inunit cellsrelated to the initial one by specified numbers of lattice trandationsin
each of thethree crystal or polymer axis directions— one or two of the translations may
be disabled, leading to two- or one-dimensional polymers, respectively.

For crystalsamore general and powerful method of determining the structure boundaries
is by means of crystal faces. The crystal faces are specified by their standard Miller-
Bravaisindices (the reciprocals of theintercepts on the three crystal axes), and by a
central distance, which isthe perpendicular distance from the center of coordinates to the
face. If the crystal hassymmetry, this can used in specifyingfaces; i.e. only one face of
each symmetry-equivalentset, or form, need be entered. Symmetry equivalentsof the
facesare derived similar to that used for atoms. However, if desired the symmetry used in
the generation of faces can be lower than that used in the generation of atoms.

A specia case of boundary facesis adlice, which isa dab of the structure bounded by a
given faceand its negative, with athickness determined by the crystallographic
interplanar or d-spacing — the limitsto the extent of the structure in the two dimensions
paralel to the given face are arbitrary and may be specified.

To identifythe the corners and edges defined by the crystal faces, all possible
intersections of triplets of facesare located; those which arefurther from the center than
any faceare rejected as crystal corners. Edges are defined by pairs of corners which have
two facesin common.
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Atoms withinthe specified face boundaries are simplythose whichare not at apositive
distance from any face. Starting with atoms in the central unit cell (fractional coordinates
0to 1), lattice trandations are added or subtracted until all possibleatoms have been
tested for inclusion. The algorithmwhich does thisis rather complex, as findingthe
starting and ending unit-cell limitsfor the atoms search in the general case of face
boundariesis not trivial.

If coordination polyhedraare to be shown, the atoms involved must be located. ATOMS
will identify all polyhedra consisting of specified types of ligands withina givendistance
of acentral atom. The ligandatom locations (points) form the corners of opaque
polyhedra. Edges and faces of each polyhedron must be identified, which requires some
rather complex calculations. Because of possiblevariation in coordination number, data
on corners, edges and faces of polyhedramust be packed into specia arrays, and
unpacked each time they are used.

In the Thermal Ellipsoids mode, at the start of the calculation the temperature factors for
each input atom are converted to the principal axes of a thermal ellipsoid. During
generation of the atoms withinboundaries, the number of the symmetry matrix used is
saved, to be used later inplotting.

If atomic vectors are present, they are represented by pseudo-atoms (at the ends of the
vectors) and by pseudo-bonds. This simplifiesthe geometric relations for plotting in
Non-3D modes. These pseudo-atoms and pseudo-bonds are generated in a specia loop.

The atom locations, identity of bonds and data on polyhedra if present, constitute a
"permanent” set of parameters for each structure. The atom coordinates may be rotated in
any of several waysto obtain asuitableview.

Plotting - Non-3D Modes

Whenever a drawing ismade for the screen, dot-matrix plotter or pen plotter, the actual
elements which appear in the drawing, that is arcs of circlesrepresenting spherical atoms
and lines representing bonds and polyhedra, must be recal culated, since their
interrelations depend on the viewing angle. Each polyhedron must be examinedto classify
edges as to whether they are front, back or boundary.

For screen or dot-matrix drawings, the procedure is somewhat simplifiedsinceitis
possibleto blank out or draw over e ements which lieunderneath others. The atoms,
polyhedraand bonds are sorted according to their height, or distance from the viewer.
The elementsare then plotted in sequence from the most distant to the nearest. Atoms are
represented in the sorting process by their centers, bonds by their midpoints, and
polyhedraby the central atom. This sorting process is asimplificationof the true
relationships, and conceivably could lead to error, but only if the bonds are unusually
long. Infact the drawing method relieson displayingonly normal chemical bonds, not
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arbitrary connections between atoms. If desired, atom labelsare drawn during the
process of plotting atoms from back to front.

If crystal edges are also shown, the "back™ edges, i.e. those that would beinvisiblein an
opague crystal, are plotted before the atoms, bonds, etc., and the "front" edges are
plotted after. Sorting the crystal edges isnot practicable because of their length. Thereis
no attempt to solve for interpenetration relations of edges with atoms, bonds or
polyhedraand errors will usually result if the edges are not completely outside the
structure.

For pen plots actual blankingor overlayingisimpossible, and it is necessary when
drawing a given element to consider every other element whichlieshigher (closer to the
observer), find all the possibleintersections and remove the segments which are obscured.
Insofar as possible, intersections of structure elements(bonds and atoms, polyhedra) are
considered asintersections of two-dimensional figures(circles, lines, ellipses), rather than
computing the intersectionsin three dimensionsand then finding the projections. One
approximation which ismade hereisto represent ellipses(which only arise as junctions of
atoms and stick bonds, and junctions of interpenetrating atoms, and thus cannot overlie
other elements) by means of line segments for purposes of locating intersections; they are
actually drawn as ellipses, but dlight errors in locations of intersections involvingellipses
may occasionally resullt.

For perspective drawings, the atom locations (and crystal corners if present) are projected
from a given perspective distance onto a plane passing through the center of the

structure. Overlay relationshipswith other elements (for pen plots) are then determined
on the basisof circular projections for spherical atoms, again making calculationsin two
dimensionsas much as possible. Thisis not true perspective, but the differenceis not
likely to be noticed unfavorably in the normal case. In fact, when true perspectiveis used
and the drawing isviewed at other than the (scaled) perspective distance specifiedin
making the projection, the distortion of the projected atom shapesfrom circles can be
very disturbing - this can be verifiedin the 3D display mode.

For shading of atoms, the given illuminationvector and the number of shading zones are
used to set up outlinesfor each zone, consisting of circle and ellipse segments. The angle
with the illuminationvector gives a shade for each zone. The zones need to be set up
only oncefor a given illuminationvector, since all atoms are identical except for scaling
by the radius. Zones can also be set up for stick bonds, but sincethe bonds make various
angles with the illuminationvector, the shade can only be determined at plot time. For
polyhedra, the shade of each faceis determined at plot time.

In the Thermal Ellipsoid mode, at plot time, atoms are sorted and plotted from back to
front as for ball-and-stick, but as each atom is drawn the principal axes are transformed
using the appropriate symmetry matrix, and the ellipsoidisdrawn. Bondsare located in
the sameway as for standard ball-and-stick, but because the algorithmfor findingthe
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intersection of stick bondswith elipsoidsiscompletely different from that used for
spheres, thermal ellipsoidsand ball-and-stick cannot be intermixed.

Atomic vectors, which are represented as pseudo-bonds, are infact drawn much like
normal bonds, except that cones (arrowheads) are substituted for the atom on the positive
end of the vector (if it istwo-ended) for al types of display and output aside from pen
plots.

The Anaglyphdisplay modeis avery special case. Because eachview is drawn inonly
one color, it isnot necessary to sort objectsfrom back to front, and rotations (for
example) may be even faster than the similar skeletal mode.

Plotting - 3D Modes.

In thistype of drawing, the surfaces of three dimensional objects such as spheres and
cylindersare converted to an assemblage of planar polygons. Then each polygonis
drawn essentially independently pixel by pixel. The critical differencewith non-3D modes
isthat adepth buffer isused in 3D imaging. Thisisan array of integers, one for each
pixel inthedisplay or output (or that portion whichis currently being drawn, when
banding isbeing used). Each element, representing a pixel, holdsthe relative x
coordinate (inthe ATOMS observer coordinate system - thisis more often the z-axisand
the buffer may be called the z-buffer) of the foremost object or polygon. Thecolor for
this object is retained in the color buffer, whichis asimilar array representing pixels; this
array is actualy the imageitself. Whenever a polygon isdrawn, each pixel whichit
contains iscompared against the depth buffer; if the x coordinate of the pixel isgreater,

or closer to the observer than what isin that el ement of the depth buffer, the color for this
pixel in the new polygon replaces the valuein the color buffer. That is, the depth buffer
keeps track of thefront surface of the drawing, and ensures that only thisfront surface
(not any hidden surfaces) are kept in the color buffer or image itself.

Typically, each corner of each polygon is assigned avector normal, which isnot the same
as the normal to the polygon itself. For examplefor a sphere the normals are simply
directed fromthe center outward through the corners of the polygons (triangles). Color
isassignedto each corner according to thelight equation (see 3D Lighting inthe Input2
Menu), and interpolating between the corners at each pixel gives asmooth curved
appearance, rather than acollection of flat polyhedra.

When trandlucency is in effect, it is necessary to blendthe color of anew object with
what is aready in the color buffer. Itisnormally necessary to plot translucent objects in
sequence from back to front, although opaque objects in the same drawing do not have to
be sorted. Translucency alwaysrequiresincreased plotting time.

The "double buffer" method isnormally used, the "color buffer” being kept in an area of
memory and then copied to the screen memory when the drawing iscompleted. Thisis
usually faster than drawing directly to the screen.
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The standard display mode of ATOMS does not use adepth buffer: the atoms, bonds and
polyhedraare sorted from back to front and drawn inthat order. When necessary, the
intersections of objects are solved analyticallyand only the required portions of each are
drawn.

Using adepth buffer hasthe advantages that it is not necessary to solve analyticallyfor
intersections, nor to sort the objectswith respect to depth. Thismay save considerable
time, especially for complex drawings, since the timefor sorting tendsto increase
exponentially with the number of objects. Since analytical solution of intersectionsis not
necessary, it is possibleto place essentially any objectsinto the drawing. inany location.
This overcomes the problem inATOMS non-3D drawing modes of sometimes-incorrect
drawing of crystal edges or unit-cell edges whichintersect with atoms, bonds and
polyhedra. The 3D method allowsmore complex shading and lighting effects, such as
specular highlightsand multiplelight sources. It aso alows translucent objects. For a
completely 3-dimensional image, on a computer which has sufficient memory, the 3D
display mode issuperior to the ATOMS Standard display mode.

Without special hardware for 3D drawing, it is about as fast as fully-shaded Standard
display mode drawing with about 16 shading zones.

However, there are disadvantages to the 3D method. The depth buffer may resultin
excessive memory reguirements even for the screen (but some 3D accelerator cards may
have specia memory for the depth buffer). The 3D method is not very suitable for black-
and-white drawings, whichtypically are simplified, showing mutual intersections of atoms
with bonds and polyhedraas linesor curves; such intersections simplyare not drawn in
the 3D method. Both Windows and Macintosh implementationscurrently have some
severelimitationsin termsof printing. It is necessary to draw each imageinto a bitmap
and then copy that bitmap to the printer. Because printers have much higher resolution
than the screen, this causes even higher memory requirements, and for reasonable sized
printed drawingsit isusually necessary to do the printing in bands or segments.

ATOMS itself uses"Immediate mode" to draw atoms, bonds, etc. - that is, it drawseach
object and then discards the memory associated with that object. On the other hand,
many 3D applications, especially the standard viewersfor VRML and 3DMF files, use
"Retained mode". In thismode every vertex of every object is read into memory before
drawing. Thisalowssimpledrawingsto be redrawn and rotated rapidly, but it may take
along timeto load largedrawings initiallyand uses enormous amounts of memory
(typicaly 16 MB for 300 atoms ina ball-and-stick mode!).

3D files(VRML, and 3DMF for Macintosh) contain the locations and material properties
(especially color) of such common objects as spheres, cylinders, disks and lines, and their
orientation where appropriate. Polyhedra are represented as assemblages of polygons.
The viewersfor these filesthen use methods similar to those used by ATOMS to draw
the objects. Asexplainedin the previous paragraph, beware of viewers using Retained
mode - they may crash or take forever to draw a complex crystal or molecular structure.
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Types of Windows used in ATOMS

ATOMS usesfour types of windowsbesides dialogs and aerts: the Startup window; the
main Graphics window; secondary (Powder and Precession) Graphics windows; and

Text windows. Each type of window has its own menu bar. The Help systemalso has its
own windows and menus.

Note that under the Windows operating systemthe ATOMS windows are not confined
to reside within aframework window, asin pre-V6.0 ATOMS.

All the current windows are listed in the Windows menu, and this menu can be used to
switch between windowsif some are not visible.

When starting up ATOMS, the menusdisplayed in the Startup window includeonly a
File menu a Settings menu and a Help menu. Use the commandsin the File menu to
start a new ATOMS data set, read an old one from afile, or import data from afilewith
an external format.

After you have entered or read in the data for an ATOMS file, the main Graphics window
opens and the Startup window disappears; if you have elected not to Calculate, the
Graphics window may be blank, otherwise it will show the current ATOMS drawing.
Only one data set at a timeisalowedin ATOMS, and there is only one main Graphics
window. When thiswindow isactive, there isa File menuand various other specialized
menus such as Inputl for data input and modification and graphics output.

The secondary Graphicswindows appear only when you have selected

Powder Diffraction (Graph Option) or Precession Pattern from the Display menu.
These windows have their own menu bars, with only aFile menu, aWindows menu and a
Help menu. When a secondary window is active, output, such as Print, Raster File, etc.
in the Filemenu, is for the Diffraction results, not the atomic structure in the main
Graphics window.

The File menu of the main Graphics window has four commands, List Input, List
Generated Atoms, List Generated Faces and List Totals, each of whichliststhe
relevant data to a separate Text window. When any of these Text windows is active, the
menu bar contains standard menusfor saving, printing and editing the contents. Each
window actually displaysthe contents of afile, called respectively INPUT.ATD,
GENATOMS.ATD, FACES.ATD and TOTALS.ATD. These filesare written over
againfor each new ATOMS data set, so if they areto be preserved they should be saved
with the Save As command inthe File meny using adifferent name.

A Text window is also generated when Calculation Output is selected in thelnput2
menu. The output iswritten to the fileinfile. ATD, whereinfile (.STR) isthe name of the
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ATOMS datafile. Similarly,the Coordination button in the Input Atoms dialog of the
Inputl menu writes a filecaledBONDS.ATD, and the Powder Diffraction (List option)
dialog writes output to the fileLIST.ATD. The List Coords button in the

Cavity Parametersdialog lists the fractional coordinates of all grid points which can
accomodate the sphere of the specified Particle radiusin the fileCAVVAL.ATD.

Secondary Graphics windows and Text windows are "children™ of the main Graphics
window, sincetheir contents pertain only to the current structure, and they are destroyed
if the main Graphics window is closed.

Anoutput Text window or adiffraction Graphic window may sometimes come up behind
the main Graphicswindow. If the new window isinvisible, use the Window menu to
bring it to the front.

2.1 Startup Window

Thiswindow appears when ATOMS isfirst started, or when a data set (Graphics
Window) isclosed.

The structure image at the bottom of thiswindow is from afilecalled default.png. You
may save anew version of thisfile(Raster option, File menu) - the image should be about
300 pixelswide by 200 pixels high.

It has its own menu bar Startup Menu Bar, and the following buttons for getting a data
fileinto ATOMS.

New - Step-by-stepinput of anew ATOMS data set.
Open - Open anold ATOMS datafile.

Import File - Shows apop-up menu with thefiletypes currently supported. This
includes:

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

---- CIF - Crystallographic Information Files.

---- DBWS/LHPM Rietveld input files.

---- ICSD Inorganic Crystal Structure Databasefiles.

---- ORTEP Original or ORTEP Il atom information.

---- XTLVIEW Drawing program.

---- VIBRAT (.MOT) Graphic output filesfrom VIBRATZ.

---- PDB Protein Data Bank files.

---- RIETAN Rietveld program files.

---- GSAS Datafiles (.EXP) filesfrom the Los AlamosLab system- may include
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magnetic vectors.

---- AM MINERAL . Data filesfrom the American Mineraogist structure data base.
---- FULLPROEF. All-purpose refinement program - may include magnetic vectors.
---- Free-form (Linp). Thisalowsinput of atomic coordinates and other information
from almost any source.

Exit/Quit - Quit the ATOMS program.
2.2 Graphics Window

Thisisthe main window which shows the current structure drawing. When it isactive,
most menus are available, allowing modification of the data and other operations.

Also, the controls or commandsin the Dialog Bar - Left and Dialog Bar - Right are
active (if selected in the Display menu), and they operate on the drawing or on the main
ATOMS data set.

To switch to another window, such as atext window or the Powderor Precessionwindow
(see Types of Windows), click on that window if it ispartially visible, or use the
Windows menu.

2.3 Powder Diffractogram Window

This graphics window (see Types of Windows) shows the results from the

Precession Pattern dialog (Display menu). It hasits own menus, which essentiallyallow
only input of anew data set or saving of the current data set, and graphics output of the
Powder diffractogram to the printer or files(EPS, raster, metafiles).

Use the File menu for thiswindow for Print, Raster, PICT or Metafile outpuit.

To access the menus which allow modification of the ATOMS data (and even
recalculation of the Precession Pattern), click on themain Graphics Window if itis
visible, or use the Window menu. The main Graphics Window has the title of the current
ATOMS datafile(.STR).

2.4 Precession Pattern Window

This graphics window (see Types of Windows) shows the results from the

Precession Pettern dialog (Display menu). It hasits own menus, which essentiallyallow
only input of anew data set or saving of the current data set, and graphics output of the
Precession Pattern to the printer or files (EPS, raster, metafiles).

Use the File menu for thiswindow for Print, Raster, PICT or Metafile outpuit.

To access the menus which allow modification of the ATOM S data (and even
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recalculation of the Precession Pattern), click on the main Graphics Window if itis
visible,or use the Window menu. The main Graphics Window has the title of the current
ATOMS datafile(.STR).

25 Text Window

Text windows are generated by several commands (below). When atext window is
active, there is a special menu bar which allowsmodification and saving of the particul ar
output file(.LATD) which isbeing edited - the commandsin these menusdo not pertain to
the current ATOMS datafile. To return to the main Graphics Window for modification,
saving etc. of the ATOMSdata file, click on that window if itisvisible or use the
Window menu

The File menu of the Graphics window has four commands, List Input, List Gener ated
Atoms, List Generated Faces and List Totals, each of whichliststhe relevant datato a
separate Text window. When any of these Text windows isactive, the menu bar contains
standard menusfor saving, printing and editing the contents. Each window actually
displaysthe contents of afile, called respectively INPUT.ATD, GENATOMS.ATD,
FACES.ATD and TOTALSATD. Thesefilesarewritten over againfor each new
ATOMS data set, so if they areto be preserved they should be saved with the Save As
commandin the File meny using adifferent name.

A Text window is also generated when Calculation Output is selected inthelnput2
menu. The output iswritten to the fileinfile.ATD, whereinfile (.STR) isthe name of the
ATOMS datafile. Similarly,the Coordination button in the Input Atoms dialog of the
Inputl menuwrites a filecalledBONDS ATD, and the Powder Diffraction (List option)
dialog writes output to the fileLIST.ATD.

3 ATOMS Menus and Dialogs

ATOMS Menu Bars

Startup Menu Bar - Thismenu bar appears when starting ATOMS, or when all
windows (Graphics or Text) have been closed.

Graphics Window Menu Bar - Thisisthe main menu bar for entry, alteration and
display of atomic structure data sets.

Text WindowMenu Bar - Thismenu bar isused for text windows produced by the
Listings group inthe File menu of the Graphicswindow, and by the Calculation Output
commandinthe Input2 Menu, or by the Powder Diffraction listing option. The Text
window is amore-or-less standard edit window.
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3.1 Startup Menu Bar

File menu - Usethe commandsin this menuto start a new ATOMS data set, open afile
for an old data set, or import adata set from adata base.

Settings menu - Thiscontains settings for hardware, palettes and preferences for modes
of operation.

Help menu - On-linehelp

3.1.1 File Menu (Startup Window)
To start up ATOMS, you must select either New to enter an all-new data set; Open to
open a previousy-saved ATOMS datafile; or Import Fileto open adata filewritten by
other software.
New - Step-by-step input of anew ATOMS data set.
Open - Open anold ATOMS datafile.

Recent File List (Windowsonly) - The last four ATOMSdata (.str) files can be opened
by selecting here.

Import File - Shows apop-up menu with thefiletypes currently supported. This
includes:

----CCDC FDAT filesfrom the Cambridge Crystallographic Data Centre.
----SHELX.INS filesfrom the program system of Prof. G. Sheldrick.
----CIE - Crystallographic Information Files.

----DBWS/LHPM Rietveld input files.

----1CSD Inorganic Crystal Structure Databasefiles.

----ORTEP Origina or ORTEP Il atom information.

--—--XTLVIEW Drawing program.

----VIBRAT (.MQT) Graphic output filesfrom VIBRATZ.

----PDB Protein Data Bank files.
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----RIETAN Rietveld program files.

----GSAS Datafiles(.EXP) filesfrom the Los AlamosLab system- may include
magnetic vectors.

----AM MINERAL. Data filesfrom the American Minera ogist structure data base.

----FULLPROF. All-purpose refinement program - may include magnetic vectors.

----Free Form (.inp). Thisalows input of atomic coordinates and other information
from almost any source.

Page Setup - Set the page size and select the printer.

Exit/Quit - Quit the ATOMS program.

--------- Windows Only

Note that you can also start ATOMS for Windows from the DOS command line, reading
inan ATOMS datafileor an import file.

3.1.1.1 New Command
New Command [ File menu(Startup) or File menu (Graphics)]

If there is adata set in memory which has been modified, you are asked if youwant to
save the changes - see the Close command.

When you use thiscommand to start a new data set, ATOMS first steps through most of
the dialogsin the Inputl menu, which involveparameters which are considered to be
intrinsicto the structure in question. After you click OK in each dialog, a dialog appears
(Entering New Data) giving you the choice of continuingor aborting the data entry. You
can eliminatethis dialog with the Confirmatory alertscheckbox inthe Preferences
dialogin the Settings Menu. At theend of thedialogsinthe Inputl menu another
dialog appears (End of Mandatory Input) giving you three choices: 1) you can continue
with the non-mandatory part of the input, which consists of the dialogsinthe
[nput2menu, involvingmostly display aspects of the structure; 2) you can stop hereand
accept the display parameters currently in memory; or 3) you can read in the default
display parameters from adisk file(the current display parameters can be saved as the
defaultswith the Save Defaults command inthe Settings menu. If thereisno dataset in
memory, option 2) will givethe default values.

If there is adata set in memory which has been modified, you are asked if youwant to
save the changes - see the Close command.
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3.1.1.1.1 Entering New Data Set
Dialog Box: Entering New Data Set [During New input]

This dialog comes up inbetween the main categories of data during input of aNew data
file. Usually you canjust click on Continue (or hit Enter), but you can Abort the input,

or Revise the category you havejust finished.

The appearance or non-appearance of thisdialog iscontrolled by the Confirmatory
alert... checkbox inthe Preferencesdialog inthe Settings menu.

3.1.1.1.2 End of Mandatory Input
Dialog Box: End of Mandatory Input [During New input]

The mandatory input for aNew data file consists of the commandsinthe Inputl menu,
through the Bonds item, although you do not necessarily haveto specify all of them. The
non-mandatory input consists of the display parameters, or most commandsin the I nput2
menu (3D parameters are omitted). If you elect not to continue with these display items,
the display parameters will be taken from a) a set of default parameters, if you click on
Default or if thisisthefirst filein your current ATOMS session; or b) from the display
parameters of the current fileif you click on Quit. You can save the current display
parameters (including mostly parameters in the dialogs of the Input2 menu but also some
from the Display menu) as the default parameters with the Save Defaults command in
the Settings menu.

3.1.1.2 Import Files Submenu
Sub-Menu: Import File [File menu (Startup) or File menu(Graphics)]
This offersa selection of filetypesto import, including CCDC FDAT, SHELX-93, CIF,

DBWSLHPM Rietveld, ICSD, ORTEP, XTLVIEW, VIBRAT,PDB, RIETAN, GSAS,
AM MINERAL, FULLPROF and Free-Form.

The boundary option in most cases can either be Default Unit Cell, suboption as selected
with the Default radio button, or Locate Moleculesin Crystal.

Multiple occupancies are not permitted in ATOMS, and when more than one atom is
found to be in the same position (samefractional X, y and z coordinates) the second and
subsequent occurences will be deleted.

Thereisalimitof 500 input atomsin most cases.
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3.1.1.2.1 Import File
Dialog Box: Import File [ File menu (Startup) or File menu(Graphics)]

If there is adata set in memory which has been modified, you are asked if youwant to
save the changes - see the Close command.

If there is morethan one data set or phase in the file, the Data Sets...in Import File dialog
will present you with alist. The name of the ATOMS data filewill be taken from the
nameof the file, and the title (Title/Axes dialog inthe Inputl Menu) will be taken from
the data set or phase. The extension.STR will be appended to the structure file.

If the Generate bonds box is checked, the Generate Bonds from Atomic Radii dialog
will come up as soon asthe fileisread in.

Read default display parameters. If thisbox is checked, the display parameters last
saved (Settings menu) will be read for the new data set.

Read temperaturefactors. Thisoption may not be availablefor all types of import file.
In some fileformats, such as ICSD RETRIEVE, the temperature factors are in aseparate
list from the atomic coordinates. In order to assign the temperature factors to the atoms,
the atom labelsinthese two listsmust match exactly. For thisreason, "OH" and "OH2"
inthe atom listsin RETRIEVE filesare changedto "O", sincethelabelsin the
temperature factor listsuse only "O". If you get the message "Temperature factor atom
label not identified”, you may need to edit the atom labelsin the original fileso that the
two listsagree.

File Extension. The three-letter extension (.xxx) whichidentifiesthe filetype under
Windows (see below for Macintosh) may be specified here - only filesof that typewill be
shown in the Open Filedialog. To show all files, enter ".* ".

Atomic Radii. You can choose standard ionicor covalent radii, which will be multiplied
by the factor in the edit box. For aball-and-stick drawing, afactor of 0.5 or lessis
appropriate. For interpenetrating atoms (space-filling), afactor of greater than 1.0 is
usually necessary. All radii can later be multipliedby agiven factor in the Atoms-Global
commandin the Inputl menu. The radii, as well as default colors, are obtained from the
selected version of the ELEMENTS file (either ELEMENTS.ION or
ELEMENTS.COV) supplied with ATOMS (these filescan be modified by the user).

Boundary Option. The boundary option can either be Default Unit Cell, using the
default suboption selected in that dialog, or Locate Moleculesin Crystal. If the

Locate Moleculesin Crystal option is used, the Gener ate bonds box will be considered
to be checked, as bonds (or polymers) must be defined.
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Sour ce of symmetry (some formats lack thisoption). If you select Use positions as
Xyz, in which symmetry operators are given in the form of positions in the general
equipoint asinthe 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
includea center of inversionand/or lattice centerings in the operators and some do not).
If you select Space group symbol, the Space Group symmetry option will beused. The
Hall symbol, the Hermann-Maughin symbol, and then the International Tables number
will be used inthat order if present. If you select Use positions as xyz and the
information on operations isnot 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.

If symmetryis present inthe "xyz" or operation form, thisis usually the safest option
However, this option does not give information on systematic extinctions or true d-
spacings, whichmay be required for the Slice boundary option. It isusualy possibleto
derivethe correct space-group symbolsfrom the operations using the Get Symbol option
inthe Custom Symmetry dialog.

Atom types (some formats lack this option). ATOMS 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 froma separate atom type label if that is present. In diffractionrefinement file
formats, thisseparate atom type label typically identifiesthe scattering factor, and it it is
your choice whether thisor the atom label (if either) will identify the element.

Note that in the case of multiple occupanciesfor asite, ATOMS ignores all but the first
atom.

For more information about the specificfiletypes, see one of the following
CCDC FDAT

SHEL X-93

CIF

DBWS/LHPM Rietveld
1CSD

ORTEP

XTLVIEW

VIBRAT

PDB

RIETAN

GSAS

AM MINERAL

FULL PROF

Free-Form (.inp)
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---- Macintosh only ----

You canshow all text files, or only those with the specified extension (.xxx) in the File
Open dialog - make this choice, which appliesto most types of files,in the Preferences
dialogin the Settings menu.

3.1.1.2.2 Data Sets... in Import File
Data Sets...in Import File [ Import File Command - File menu (Startup) or File menu
(Graphics)]

When you open a CIF, DBWS/LHPM or other type of import file, ATOMS will search
through it to find all the data sets or phases within it, up to a limit. If there is more than
one, thisdialog will present you with alist. Thename of the ATOMS data filewill be
taken from the nameof the file, and the title (Title/Axesdiaog inthe Input Menu) will
be taken from the data set, phase or crystal selected. The extension.STR will be

appended to the structure file.

3.1.1.2.3 Free-Form (.inp) File
Import Free-Form (.inp) File [File menu(Startup) or File menu (Graphics)]

Seethe Import File dialog for general aspects of importing atomic-structure data files.

Thisimportsfilesin the free-form format described elsewhere ( Atom Parameter Files).
Note that thisformat has been expanded since earlier (pre-V4.1) version of ATOMS, so
that essentially all relevant data for a crystal may be entered.

3.1.1.2.4 CCDC FDAT File
Import CCDC FDAT File [ File menu (Startup) or File menu (Graphics)]

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

Most of the FDAT fileshave a "connection table" which specifiesthe bonds defininga
singlemolecule, while the unit-cell may contain several molecules. Thus the radio
buttons give you a choice of importing the fileas amoleculeor asacrystal.

When imported as amolecule, the structure will use the No Boundaries (Molecule)
boundary option, and no symmetry. The filesnormally contain a unique set of input
atoms, which are the same as those required for input of acrystal in ATOMS, plusin
many cases some extra symmetry-derived atoms necessary to complete the molecule; al
these atoms are used as input atoms when importing as a molecule. Withthe Atomic
radii radio buttons, you can choose to use either the radius valuesin the CCDC files, or
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those inthe ELEMENTS file; in any case, the type number (atomic number), colors and
patterns will be obtained from the ELEMENTS fileusing the elemental symbol which is
inthe firstone or two characters of the FDAT atom. Theradius vauesinthe CCDC files
typically are covalent radii, slightly smaller than those required for contact of bonded
atoms. For aspace-fillingor interpenetrating atoms model, they may need to be
increased, and for aball-and-stick model they may need to be decreased. The radii of all
atoms can be changed by a factor with the Atoms - Global dialog inthe Inputl menu. All
bonds between atoms will be the same; the radius, colors and patterns can be defined with
the Define Bonds for Molecule button; thiswill call up a dialogwhich issimilar to that
which comes up for individual bonds (Bond Data inthe Inputl menu); however, atom
types and distance limitsare not used and are omitted from thisdialog. After calculation,
the radius, colors and patterns can be changed with the Bonds command inthe Inputl
menu. There will be only one bond typein the list.

Note that importing aCCDC FDAT fileas amolecule uses a different procedure from the
L ocate Molecules in Crystal boundary option, whichis used in most other cases when
importing a crystal structure as molecules. The Locate Moleculesin Crystal boundary
option usesthe bond and polymer specifications entered in ATOMS to isolatethe
molecules, whereas the FDAT filesusually already containthe linkageinformation which
definesmolecules. If you wishto use the Locate Moleculesin Crystal option, you must
import the FDAT fileas a crystal, then change the boundary option.

When imported as acrystal, the structure will use only the unique set of atoms, omitting
the extraones. The boundary option will be Default Unit Cell, current default suboption.

3.1.1.2.5 SHELX .INS File
Import SHEL X.INS-93 File[ File menu (Startup) or File menu(Graphics)]

Seethe Import File dialog for general aspects of importing atomic-structure data files.

ATOMS isprogrammed only for SHEL X-93 files, although it may also be possibleto
read SHEL X-76 files.

Atom type numbersfrom. The Type labelsradio button will use the SHELX SFAC
(scattering factor) number whichis the number which followsthe atomic label and
preceeds the atomic coordinates in the SHEL X file. The numbers correlate with elements
through the SFAC instruction, whichmust beinthe SHELX file. These elementswill be
used to determinethe atomic radii and colorsusingthe ELEMENTS files suppliedwith
ATOMS (which can be modified by the user). The SHELX atomic radii are not used; if
an element is not inthe current ELEMENTS file, the correct radius will not be supplied.

Symmetry. The Custom point or space group option will be used. Typicalythe true
symbol can be recovered from the titte. ATOMS will read the SYMM linesin the
SHELX fileonlyif they are in standard International Tables format - the trandational
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part must precede the positional part (i.e. 1/2+x, not x+1/2). |If the symmetry was copied
from the Tables, there should be no problem. You can edit the symmetry operators after
they are read in with the Symmetry command inthe Inputl menu.

Multiple occupancy of sites. If thereisan EXYZ instruction, ATOMS will use only the
first atom - all others will be deleted.

FRAG instruction. Atoms listed between this instruction and the FEND instruction will
be ignored.

RESI instruction. Atoms listed after thisinstruction will be included, but not treated in
any specia way.

Hydrogen atoms. SHEL X has several sophisticated ways of locating hydrogen atoms
whichare not duplicated by ATOMS. Frequently, the positions of the hydrogen atoms
are not inthe.INS file, and must be taken from the output. There are several waysto do
this. First, the output lines givingthe hydrogen positions can be copied into the.INSfile.
If thisisdone, atype or SFAC number must beinserted after thelabel and before the
coordinates. The hydrogen lines can also be put into a separate fileand read in with the
SHELX +filename include-fileinstruction. Second, the hydrogen lines can be put into a
fileof their own and read in with the input-fileprovision of the Input Atoms dialog inthe
Inputl menu, after the SHEL X.INS file has been imported. Since thelabel and
coordinates are in the default order, no modificationis necessary, and aFIELDS lineis
not needed - only the lineswith the labelsand coordinates (any other fieldsfollowingon
the samelinewill beignored). If you do this, do not check the Generate bonds box.

Y ou can generate bonds after the SHEL X and the hydrogen input files have been read in,
with the Bonds dialog inthe Inputl menu.

Most of the instructionsin aSHEL X filewill be ignored. However, ATOMS may not
know al the current instructions. If it cannot identify an instruction, it tries to read the
lineas an atom line(thisis theway SHELX works). If thisfails,you are asked if you
want to add the first four letters of the lineto thelist of instructions to beignored. These
instructions-to-be-ignored are at the end of the SCRPTR setup file, separated by spaces
and preceeded by the number of instructions. You can edit thislist if necessary.

Y ou should scan theatom list (Input Atoms dialog inthe Inputl menu) to be sure
nothing has been included by mistake.

3.1.1.2.6 CIF File
Import CIF File [File menu (Startup) or File menu (Graphics)]

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

ATOMS usesonly asmall number of the possibledataitemsina CIF fileand recovers
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only themost basic information. The dictionary file, CIFDIC.SHT (ashortened version
of the complete CIF dictionary), must be in the home directory (the directory containing
the CPATOMS.EXE file).

Cell setting. If a cell setting (crystal class) is not present or isundecipherable, ATOMS
will try to recover the crystal class from the unit-cell parameters.

Errorsin CIF files. Many CIF fileswhichare written by databases and other software
violate one or more of the CIF syntax rules(Acta Cryst. 1991, A47, 655) and are
therefore unreadable without modification. Some common errors:

1) Linelength greater than 80 characters.

2) Failureto enclose character fieldsin singlequotes
3) Fields("data names") too long - for example "data " field longer than 32 characters.

The "data " lineshould be truncated to 36 characters. Many of the linesina typical file
are not used by ATOMS and may simply be deleted.

3.1.1.2.7 DBWS/LHPM Rietveld File
Import DBWS/LHPM Rietveld file [ Filemenu]

Seethe Import File dialog for general aspects of importing atomic-structure data files.
The DBWSor LHPM formats are very similar.

In the Atom type numbers from: box, the Type label option will select the NTYP field
whichusually containsthe elemental symbol for recovery of the scattering factor.

ATOMS canread three revisionsof the DBWS format - 1990, 1994, and 1998 - but
there is no version number or other direct indication of the revisionin the fileitself, so
sometrial and error may beinvolved. 1990 fileswill probably fail on the first attempt at
reading, and you are then given achanceto try again.

3.1.1.2.8 ICSD File
Import ICSD File[ File menu (Startup) or File menu(Graphics)]

See the Import File dialog for general aspects of importing atomic-structure data files.
Fivetypes of ICSD fileare supported, classifiedaccording to source:
1) Filesfromthe CD-ROM database, accessed by the program RETRIEVE (see below

for the CD-ROM program FINDIT). The RETRIEVE filesmust be written from the
DATA window using the PRINT option, not as export files(if there is sufficientdemand,
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export filesmay be supported). That is, thefileshould be acopy of what isshown on the
screen in the RETRIEVE program.

2) Filesfromthe CD-ROM database, accessed by the newer program FINDIT (see
abovefor the CD-ROM program RETRIEVE). Asfor RETRIEVE, the exported file
must be a copy of what isin theresults window. FINDIT can aso write CIFfiles.

3) Filesfromthe Canadian Scientific Numeric Database System (CAN/SND ). This
servicemay no longer be available. The filesare referred to as CRY STIN, but are
different from original 4) CRY STIN files.

4) Original CRYSTIN files, availablefrom the Netherlands CAOS information system,
from ETH (Switzerland) and perhaps other sources.

5) Filesfromthe the ICSD World WideWeb site (barns.ill.fr/dif/icsd/). The"raw"
(ICSD) dataformat for thissourceis unreliableand is not shown inthe menus. The data
should be exported in one of the formats which issupported by ATOMS. Unfortunately
again, these exported filesmay beincorrect - certainly the exported CIF filesoften violate
many of the CIF rules and may be unreadable without modification(see CIF file9).

In CAN/SND files, ATOMS will use the "NA:" linefor the title; in RETRIEVE and
original CRYSTIN files, ATOMS will use the first "MINR" lineif present, otherwise it
will use the "NAME" line.

Although ATOMS actually distinguishesamong the four different filetypes by reading
part of the maintitleor "Collection™ line, which givesthe ICSD index number:

1) RETRIEVE - " COL CollectionCode" or " COL ICSD Collection Code"
2) FINDIT - "*datafor I1CSD #'

3) CANSND - "ID:"

4) ORIGINAL - " x¥**% COLLECTION CODE COL="

5) WWW - " COL ICSD Caoallection Code " with"DATE=" in the sameline

In each case the index number followsthe above excerpt. Note that in al filetypes
except CANSND and FINDIT there is alwaysa blank character in the first column.

Please contact Shape Software if you have ICSD files which cannot be read by one of
these options. The best procedure isto send samplesof the files by email or on afloppy
diskette.
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3.1.1.2.9 ORTEP File
Import ORTEP File [File menu(Startup) or File menu (Graphics)]

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

Thisimportsthe unit-cell parameters, symmetry, atomic positions and thermal data from
original or ORTEP Il files. It does not read the boundary and plotting instructions- one
of the two ATOMS boundary options Default Unit Cell or Locate Moleculesin Crystal is
used.

Most of the ORTEP dllipsoid and bond plotting parameters areread from the file, and can
be accessed in the Ellipsoid Parametersdialog inthe Input2 Menu. See
Thermal Ellipsoidsfor more detailson display modes, etc.

3.1.1.2.10 XTLVIEW File
Import XTLVIEW File [File menu (Startup) or File menu(Graphics)]

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

ATOMS may need to shift thefractional coordinates to insure that the origin isplaced on
acenter of inversion.

3.1.1.2.11 PDBFile
Import Protein Data Bank (PDB) Files

Seethe Import File dialog for general aspects of importing atomic-structure data files.

Thesefiles can be imported and displayedin all the methods availablein ATOMS, i.e. as
ball-and-stick, interpenetrating (space-filling), skeletal, anaglyphand even polyhedra
Special constructions such as ribbonsare not yet supported.

Other specialized programs such as RASMOL can display protein structures faster and
with more protein-specificoptions. However, ATOMS may have an advantage over
some of these programs in the quality and flexibilityof the printed output, for examplein
using the full resolution of the printer, either directly or as EPS files Metafilesor PICT
files

In order to isolate the protein itself, there isan option in the Input2 menu which allows
omissionof all hetatoms, or just water hetatoms.

Symmetry specifiedinthe PDB fileitself is not supported directly, as the specificationsin
use prior to V2.0 are not adequate for computer input (often being ssmply verbal
descriptions). MODEL statements, greater than 99,999 atoms and temperature factors
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are not supported. In most cases you will be ableto display only the atoms in the file,
although itis certainly possibleto use point-group symmetry if applicable.

ATOMS isable to use the information on residues whichis present inthe file, aswell as
CONNECT records, to greatly decrease thetime required to locate bonds, compared to
standard ATOMS methods for crystals. However, if some bonds are missing from the
drawing it may be necessary to uncheck the PDB quick bonds box inthe Bonds dialog
(Input1 menu), and generate a complete set of standard ATOMS bonds..

3.1.1.2.12 GSAS (.EXP) File
Import GSAS (.EXP) File [ File menu(Startup) or File menu (Graphics)]

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

The Genera Structure AnaysisSystem can give magnetic moment vectors, and the
results for magnetic structures can be given in terms of Shubnikov black/white symmetry.
Unfortunately the information on magnetic reversals by symmetry isnot giveninan
intelligibleform in the.EXP file,and if the magnetic space group differsfrom the
conventional space group it will be necessary to determine the Shubnikov space group
and enter it in the Space Group Symmetry option.

3.1.1.2.13 American Mineralogist File
Import American Mineralogist Structure Database File [ File mend

Seethe Import File dialog for general aspects of importing atomic-structure data files.

The American Mineralogist structure database iscurrently availableon the Internet at
www.geo.arizona.edu/xtal-cgi.test. Thismay change, but the database should be
locatable by searching for American Mineraogist.

3.1.1.2.14 FULLPROF File
Import FULLPROF file [ File menu (Startup) or File menu(Graphics)]

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

The "User-supplied" non-magnetic and magnetic options (JBT = +4 or +5) are not
directly supported - crystallographic and magnetic parameters in filesusing these options
will be read as if one of the standard options were used. Magnetic informationis always
read as vectors inthe crystallographic axes (not as polar or other coordinates), and

FUL L PROF-specific magnetic symmetry isnot currently used. It may be necessary to
select the Shubnikov symmetry, if the magnetic symmetry is different from the
conventional symmetry. Non-commensurate magnetic models are not currently
supported (they may be supported if there isinterest).
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3.1.1.2.15 VIBRATZ Files

Import.MOT or .VBR (VIBRATZ) Files [ File menu(Startup) or File menu
(Graphics)]

Both the.VBR main data filesand the MOT vibrational displacement filesfrom
VIBRATZ can beimported. The.VBR filessimply contain standard crystallographic
information. Theremainder of thistopic pertains to the MOT files.

The.MOT vibrationa displacement filesare written by the VIBRAT program (Dowty,
Phys Chem Minerals, 1987, 14:67) or the Windows version VIBRATZ (availablefrom
Shape Software). ATOMS converts theinfomation in the MOT fileinto a standard.STR
ATOMS datafile, and also a specia .MDT filewhich contains the atomic displacements
and other information for each vibrational mode. When the MOT fileisimported, the
first vibrational mode in thelist isselected and displayed (after calculation). When you
re-read the.STR file, it will contain the informationfor the vibrational modein the list
whichwas selected when the filewas saved. To see other modes, you must select the
Vibrational Modes option intheInputl menu. You must recalculate after changing the
mode, since new pseudo-atoms and bonds representing vectors need to be generated.

To see on the screen or output which vibrational mode isbeing displayed, select the Print
title on plot option inthe Title/Axes dialog inthe Inputl menu.

The atomswill be given the default colors specifiedinthe ELEMENTS file, as for other
types of import file. However, you have the choice of usingradii inthe ELEMENTS file
(or some fractionthereof - seethe Preferences dialog inthe Settings menu), or of using
constant radii.

Crystal import mode. VIBRATZ.MOT datafor a crystal can be displayedin either of
two ways; showing the atomsin the primitive unit cell as amolecule; or using the normal
ATOMS boundary options for crystals. If the choiceisa "molecule”, there will usually be
both primary and secondary atoms (next paragraph). Lattice trandlation will be disabled.
If the choiceisto show as a crystal, there will be no secondary atoms, and every
trandationally equivaent atom will be the same. The boundary option will be Unit Cell,
current default, but this can later be changed. The atom list (Atoms in the Inputl menu)
will include all atoms inthe Bravais (not primitive) unit cell. With either option, there
will be no non-trandational symmetry, that isall atomsin the unit cell will be in the atom
list.

Secondary atoms (applicableonly to crystalsimported in molecule mode). VIBRAT
uses two types of atoms for crystalsor infinitepolymers: primary atoms, which are just
those inthe primitive unit cell; and secondary atoms, which arethose required to
complete the bonds and angles of the complete set of internal coordinates (force
constants). Often there are more secondary than primary atoms. If you choose to show
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the structure as a molecule (last paragraph), you have the option to show the secondary
atoms injust the same way as the primary atoms; to mark the secondary atoms with a
triangle; or to omit the secondary atoms atogether. If you omit the secondary atoms, the
bondsto them will also be omitted. Moleculesdo not require secondary atoms.

The Vector button callsup the Atomic Vectors dialog (Inputl menu), for specification
of the detailsof the vectors which represent the atomic displacements, including the scale
factor.

3.1.1.3 Page Setup

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

---Macintosh only ------

Use the Page Margins dialog to set margins.

3.1.2 Settings Menu (Startup Window)
Preferences - Sets parametersfor modes of operation.

PostScript Settings - Hardware settings for direct PostScript output.

Pen Plotter Settings - Hardware settings for the pen plotter.
Palette - Modify, save or read the RGB valuesfor the main 16-color palette.

Read Defaults - Thisreads structure display parameters, mostly those inthe I nput2
menu, from a setup file. These will replace those currently in memory.

Save Defaults - Thissaves structure display parameters, mostly those inthe I nput2
menu, for use when inputting a new structure with the New command inthe File menu,
or when astandard set of parametersis desired.

3.1.2.1 Preferences, Operation Tab
Dialog Box: Preferences- Operation Tab [ Settings Menu]

See also Preferences - Constants Tab.

Sounds. Thisturnson or off the sounds emitted by ATOMS, for exampleat the
beginningand end of calculationand/or plotting (some system sounds are unaffected).
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Draw into buffer. If thisbox is checked, theimage is drawninto an off-screen memory
buffer, and then copied to the screen. If not, the drawing ismade directly to the screen,
and then copied afterwards into the buffer. Drawing into a buffer is usually faster, but the
differencemay be small. No memory is saved by not checkingthe box, sincethe bufferis
alwaysused anyway for refreshing the window after another window is draw over it.

Confirmatory alertsin New input. If thisbox is checked, during input of a New
structure file(File menu), after every input dialog there isan aert or dialog box
(Entering New Data Set) giving the choice of proceeding to the next dialog, aborting
data input, or revising thelast dialog. Without these dialogs, there isno escape from the
sequence of Inputl dialogs, and no escape from the sequence of I nput2 dialogs.

Calculate query on file open. If thisbox is checked, you are asked if you want to
caculate the structure - if not, the structure is calculated as soon asitisread in.

Scale lettering to screen. If thisbox is checked, in printed output or output to afile,
the labelsinthat output will be scaled to approximately the same relation to the drawing
itself as on the screen. Thisis avery approximate process, and trial-and-error adjustment
will still be necessary to get the desired label sizesin output. This option should be
thought of as adjusting the labelson the screen to look similar to those inthe output,
rather than the other way around.

Screen start-up.  This sets the color/black-and-white state of the screen at start of
ATOMS. It can be changed with the Color command inthe Display menu.

Mark selected atoms. Thisrefersto selecting atomsin the screen plot with the mouse.
If Show last is selected, the last atom selected isoutlined in a contrasting color, but this
marking disappears when another atom is selected, or an empty areaiis clicked. 1f Show
all is selected, all markings remainuntil a Replot.

Skeletal mode during interactive rotation. When rotating using the mouse cursor,
ATOMS can switch to a Skeletal mode so as not to slow down the motion. When
starting in 3D mode, the 3DSkeletal modeisused. Thisisnot usually necessary when the
number of atoms issmall as theredraw is usually fast enough, so the best choice may be
"If moreatomsthan". The number of atomsmay be 100 or so, but thiswill depend on
the speed of your system.

Skeletal mode choice. Starting with V5.1 of ATOMS there are two possible methods of
drawing in Skeletal mode. In the Bond colorsor "old (pre V5.1)" mode, al atoms are
shown as small dots, except those in polyhedra; all bonds are shown as linesusing bond
colors (either fill or edge colors as selected in the next item), and polyhedraare shown by
linesjoining the corners (outlining the faces). The linesindicating polyhedron edges use
the polyhedron fill colors. Inthe Atom colorsor "new" mode the bonds are shown inthe
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colors of the two atoms (fill color), half-and-half. Polyhedron edges are not shown;
instead the central-ligand bonds are shown.

Color for line bonds. Wheninthe Skeletal drawing modes (Bond color s option above),
and when bond radii are 0.0 in the Standard drawing mode, the colors for lines
representing bonds may be either the rim or fill colors given in the Bond Data dialog.

3.1.2.2 Preferences, Constants Tab
Dialog Box: Preferences- Constants Tab [ Settings Menu]

See also Preferences - Operation Tab.

Increment for drawing circles (degrees). Arcs of circlesare drawn with line segments
at specified angular increments (full circles are drawn with systemroutines). Ellipsesare
also drawn with proportionate line segments, although the increments arevariable. The
default circleincrement of 12.0 degrees has been found to give satisfactory results for
laser and pen-plotting, provided atoms are not too large. Making the increment smaller
may improvethe appearance, at apenalty inplotting time, especialyif your computer has
no math coprocessor or you are using lines of finitewidth.

On-screen rotation increment (degrees). Thisis theamount by whichthe imageis
rotated inthe Dialog Bar - Left. Thisisthevalue whichexists when ATOMS isstarted;
thisvalueand not the latest value inthe dialog bar itself issaved on quitting ATOMS.

On-screen displacement increment (Angstroms). Thisis the default amount by which a
structure fragment is trandated in the Dialog Bar - Fragments (Display menu). Thisisthe
valuewhich isin the dialog when it isfirst called; this value and not the latest valuein the
didogitsalf is saved on quitting ATOMS.

On-screen rescaling factor (%). Thisisthedefault amount by whichthe drawingis
rescaled with the Scale button in the Dialog Bar - Right (Display menu). Thisis the
valuewhich isin the dialog when it isfirst called; this value and not the latest valuein the
dialogitself is saved on quitting ATOMS.

Default radiusfor atom location (Angstroms). When identifyingatomswith the
cursor, thegiven atomic radiusis used for deciding when the mouseisclicked "on" an
atom. However, if the input radiusis zero or negative (denoting either polyhedral atoms
or wire-frame atoms), this default radiusis used instead.

Factor for scalingto screen or frame. In either the Maximizeor Universal scaling
modes (Scaling dialog, Input2 menu), theimage isscaled to amost fill the screen or
frame Thisfactor specifieshow close the imagecomes to theedges. This scalingisnot
precise when Perspective projection isused, so a relatively smaller factor may be
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necessary if the perspective distance is small.

Dash length and dash ratio. The dashesare used for back edges of crystals

(Crystal Edges and Faces) and in display of Crystal Axesand Unit Cell. Length or repeat
distance isin inches/centimeters, and the length factor is the actual length of the solid part
divided by the repeat distance. Note that when using Frames in output the dash length
remainsthe same- it may be desirableto decrease the length for very small plots.

Atomicradii. One or theother of the two files, ELEMENTS.ION,ionic radii, or
ELEMENTS.COV, covaent radii, is used during input of Import filesand input of
atomic parameters through the Input Atoms dialog (see ELEMENTSfiles). The Factor
multipliesthe full radius values during thisinput. Vauesof around 0.5 are appropriate
for ball-and-stick display, whilevalueswell over 1.0 may be required for interpenetration
(space-filling).

Scaling units. This sets either inches or centimeters as the unitsfor overall use in
ATOMS. Thischoice may belocally overridden for printing or other output by the Units
setting in some of the dialogs involved.

3.1.2.3 PostScript Settings
Dialog Box: PostScript Settings [ Direct Postscript Output Dialog] [ Settings Menu]

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 isanalogous to the PostScript function of the samename. The
linear option is standard; modify the functionto get lighter or darker shadingin
PostScript print-out.

Preview Color. If you select ascreen preview (TIFF bitmapor PICT sub-file)inthe
Direct 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 usesa 1-bit or black-
and-white screen preview.

Background color. If thisoption ison, the color selected inthe Background Color
dialog of the Input2 Menu will be appliedin color output only. Background in b/w
output isalwayswhite.

Atom algorithm. ATOMS shows shading for atoms by computing concentric zones
around the point of emergence of the illuminationvector. This can be donein two ways:
1) For non-PostScript display and output, points are calculated on linesradiating outward
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from the point of emergence. Thismeansthat the curves definingatoms and atom shade
zones are defined by a large number of short line segments - thisiscalled the "lengthy"
algorithm. 2) The default algorithm for Postscript, called the "compact” agorithm, simply
sendsthe parameters for the circle and ellipse segments which make up these curves (this
cannot be done for normal drawing because the system drawing routines do not deal with
general elipses). The lengthy algorithm typically requires twice the disk space as the
compact algorithmfor shaded atoms. The compact algorithmis also more precisein its
drawing of curves, and it allowsall illuminationvectors (for the lengthy algorithm, the
point of emergence of the illuminationvector must be within the atom outline, which may
be truncated by interpenetrating atoms or large stick bonds). The only case inwhich the
lengthy algorithm might be necessary iswhen three or more atoms interpenetrate, so that
the segments removed fromthe outline of an atom overlap. This condition inprinciple
could aso ariseif two stick bondsto an atom overlap.

---- Windows only ----

If you are using direct output to aprinter 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., evenif the port
currently shown isthe correct one. Thisis donein the Portsitem of the Windows
Control Panel (not in ATOMS).

3.1.2.4  PostScript Transfer Function
Dialog Box: PostScript Transfer Function [ Postscript Settings dial og]

The Transfer Function is analogous to the PostScript function of the same name. It
changes the nominal gray values (0.0-1.0 for black-white) calculated by ATOMS as true
illuminationto 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 givesgray
shadingsthat are too dark (thisiscommon, especially for lighter shades), you can
increase the output values. Vauesinbetween the listed values are linearly interpol ated.
The actual gray values output to the printer or EPS fileare changed; the transfer function
itself is not part of the EPS file. Note that the gray-scale conversion also appliesto lines
of greater than single-dot width (single-dot lines are always black).

3.1.25 Pen Plotter Settings
Dialog Box: Pen Plotter Settings [ Pen Plot dialog] [ Settings Menu]

Current plotter radio buttons. There are severa pre-programmed plotters; clickingon
the Get Data button reads the pen-plotter data file (PPLOT) and obtains the commands
and parameters. Evenif your plotter isnot listed here, you may be ableto input the

commands through the Other option. In this case, click on the Commands button to set
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or revise the commands and parameters.

Pen-change mode radio buttons. If you have a multiple-pen plotter, you can elect to run
in the Use single pen mode with the pen number entered in the edit field, and conversely
if you have asingle-pen plotter you can draw with multiple colors, but you will have to
change the pens manually. If you choose the Change pens manually mode, the plotter
returns to the zero position after drawingall lines of each color, and a message box
appears, prompting you to change pens.

Blank border. A blank border can be added to atoms, bonds and polyhedrain the pen
plot in order to increase the illusionof depth. Lineswhichare part of atoms, etc.,
"behind" the atom in question are cut off whenthey get withinthe specified distance of
the atom, etc. whichisin "front". This option may add considerably to the plotting time,
sinceit involvesmuch recalculation. If thewidth of the border isset to 0.0, thereisno
recalculation.

Speed number. Thisisthe parameter (see Commands) which controls velocity of the
pen - for example for the Comrex, speed number 1 is slowest and 15 is fastest. Although
some plotters, likethe HP7475A, alow decimal speeds, you must use an integer here.

---- Windows only ----

Port. This should be either aseria or parallel port: "COMN" or "LPTn". Evenif this box
shows the correct port, if it isaseria port you should verify the baud, parity, stop bits
and data bits in the Portsitem in the Windows Control Panel. These parameters should
be set to match the settings on your pen plotter (whichare usually controlled by DIP
switches).

3.1.2.6  Pen-Plotter Commands and Parameters
Dialog Box: Pen-Plotter Commandsand Parameters [ Pen Plotter Settings dialog]

Thisalowsyou to enter or revisethe pen-plotter commands and parameters, for non-
standard pen-plotter types.

It isassumed that the plotter accepts ASCII commandsthat follow asimple syntax of
"command, parameters, terminator”. For example, the Hewlett-Packard command for
moving the pen, raised, to the coordinates x,y is"PUx,y;". "PU" is the command, which
should be entered (without parentheses) in thetext box Move - pen up: x and y are the
parameters, which are alwayssupplied internaly by ATOMS; and the semicolonisthe
terminator required inthe Terminator text box. Commasbetween parameters are also
supplied by ATOMS. Move - pen up means moveto the new coordinates with the pen
up (not marking).
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You must enter or edit the commandsin the text boxes on the left of the dialog. If more
than one command is required to perform the operation requested, give all the commands
with any intermediate parameters and terminators required, but omit the last terminator.

If your plotter does not use acommand, just leavethat fieldblank.

Following are comments on the plotter inputs. The type of variable required, and the
maximum number of charactersin case of a character variable, are given in parentheses.
View samplesby clickingon the selectionsin the Current Plotter group inthe

Pen Plotter Settings dialog.

Commands

Move - pen up. (6 chrs) Move to the new coordinates with the pen up.
Move - pen down. (6 chrs) Move to the new coordinates with the pen down.
Raise pen. (6 chrs) Raisethe pen without movement.

Pen speed. (6 chrs) Thisis the command which causes pen speed to be set or changed,;
the parameter isentered as a separate itemin the Pen Plotter dialog menu.

Change pen. (6 chrs) Thisis required only for multi-pen plotters.
Start plot. (12 chrs) Initializethe plotter. May require no commands, or several.
End plot. (12 chrs) Terminate plotting. Like (12).

Terminator. (2 chrs) The character whichsignals theend of a command. In most cases
the semicolon.

Parameters

Maximum x/y. (Decimal) Maximumx and y coordinates. These values establishthe
centering of the plot. Increments on the x and y axes are assumed to be equal.

xly at finish. (Decimal) The"base" coordinates, in plotter units, to which the paper or
pen will be returned at the end of the plot, or when pensare to be changed manually.

Unitg/inch(or centimeter). (Decimal) Thisestablishesthe resolution of the plotter and is
used in scaling. If your plotter instructions do not give this number, divide the maximum
x or y coordinate (item 1 above) by itslengthininches.
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3.1.2.7 Palette
Dialog Box: Palette [ Settings Menu]

The Paletteis used to set up a256-color palette for 8-bit screen display or raster output,

and also to set the primary choices for color in al cases (you can aways select other
colors using different RGB values). See Colors, Palettes and Dot Patterns for more

detail. The default Main palette has the same RGB values as the "alternate” palette used
in DOS versionsof ATOMS, but rearranged to amore logical order.

You can read and write valuesto palette (.PAL) files. Two palettes are provided on file:
STANDARD.PAL and ALTERNATE.PAL, whichare respectively the standard IBM

pal ette and the default alternate palette used in DOS versionsof ATOMS. It iseasyto
write or modify the.PAL filesdirectly; they ssmply contain the RGB values, from O to
255, separated by spaces (or commas).

The Default button will reset the palette to the current default values.

3.1.2.8 Read/Save Defaults
Read and Save Defaults Commands [ Settings Menu]

When inputting data for adrawing with the New command inthe File menu (Startup) or
File menu(Graphics), you can elect to use default valuesfor display parameters, rather
than set these inthe dialogs of the Input2menu . If no data set isin memory, the default
display parameters are alwaysread from disk; and if there is adata set in memory, you
can use the current values or read the defaults from disk.

Also, when importing a file (File menu (Startup) or File menu(Graphics)), you havethe
choice of reading in the saved parameters or using the current ones.

Also, if you desireto convert the current parameters, which may have been read in from
a.STR datafile, to the standard set, you can use the Read Defaults command at any
time.

The Save Defaults option saves the current display parameters, i.e. most valuesin the
dialogs of the Input2 Menu and somein the Display Menu.

3.2 Graphics Window Menu Bar

Filemenu - Inadditionto the usual New, Open, Print etc., this menu hascommands
for listing input and generated data, and for for PostScript, pen plotter, raster or bit-map
and Metafile or PICT output.

Modes menu - Thisalows setting the Display mode, and the Cursor mode.
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Inputl menu - Thiscontains dialogsinvolvingmostly the basic data for the structure,
such as axes (unit cell), atom coordinates, etc.

Input2 menu - This containsdialogs setting display parameters specificto each
structure.

Display menu - This contains commands and dialogs which set the overall display
attributes of ATOMS, and modeless dialogs for rapid rotation and displacement of the
structure.

Rotation menu - Thiscontains several options for rotating and aligning the structure.

Transform menu - Thiscontains specialized options for converting generated to input
atoms, locating groups and dealing with multiple structure fragments.

Settings menu - Thiscontains settings for hardware, palettes and preferences for modes
of operation.

Window menu - Thiscontains commandsrelating to the display or activation of the
different kinds of windows- the main Graphics window, diffraction Graphicswindows
and Text windows.

Help menu - On-linehelp.
3.21 File Menu (Graphics Window)
New - Step-by-step input of anew ATOMS data set.

Open - Open anold ATOMS datafile.

Close - Closethecurrent graphicswindow.Startup Menu Bar

Save - Savean ATOMS datafile.

Saveas - Savean ATOMS datafilewith anew name

Open Recent File Select from most-recently-used files.

Import File - Shows apop-up menu with thefiletypes currently supported. This
includes:

---- CCDC FDAT filesfrom the Cambridge Crystallographic Data Centre.
---- SHELX.INS filesfrom the program system of Prof. G. Sheldrick.
---- CIF - Crystallographic Information Files.
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---- DBWS/LHPM Rietveld input files.

---- ICSD Inorganic Crystal Structure Databasefiles.

---- ORTEP Original or ORTEP Il atom information.

---- XTLVIEW Drawing program.

---- VIBRAT (.MOT) Graphic output filesfrom VIBRATZ.

---- PDB Protein Data Bank files.

---- RIETAN Rietveld program files.

---- GSAS Datafiles (.EXP) filesfrom the Los AlamosLab system - may include
magnetic vectors.

---- AM MINERAL . Data filesfrom the American Mineralogist structure data base.
---- FULLPROEF. All-purpose refinement program - may include magnetic vectors.
---- Free-form (Linp). Thisallowsinput of atomic coordinates etc. from almost any
source.

Export File - Thiswill writea fileinone of several molecular formats, containing labels
and Cartesian coordinates of the generated (not input) atoms. Some filesmay also have
bond tablesand other information

Calculate - Reproduce atoms within specified boundaries and locate bonds and
polyhedra.

Print - Print out the graphicsimage; seeList... commands below for listing data and
calculation results, and Calculation Output inthe Input2 menufor listing results of the
calculation.

Page Setup - Set the page size and select the printer.

Listings group - the followingfour commands arein a secondary pop-up menu

List Input - Listallinput data parametersto the fileINPUT.ATD and to a Text
window.

List Generated Atoms - Listal generated atoms to thefile GENATOMS.ATD and to
aText window.

List Faces - Listall generated facesto the file FACES.ATD and to a Text window.
List Totals - Listvarioustotals, such as generated atoms, bonds, etc., to the file
TOTALS.ATD and to a Text window.

Output group

PostScript -

Direct output to a PostScript printer (Windowsonly ) or to an EPS file.

Pen Plot - Output to apen plotter or HPGL file.

Raster Files - Writesraster or bit-mapfilesin.BMP,.PCX,.TIF or.PNG (Windows)
or.PNG (Macintosh) format.

Metafiles(Windows) or PICT (Macintosh) - Writesmetafilesor PICTs to the
clipboard or disk files.

Save Graphics Window - Dumps the exacts contents of the Graphics window to the
clipboard or afile(.BMP format for Windowsor PICT for Mac).

VRML Files- Writes output inthe Virtual Reality Modeling Language 3D format.
POV -Ray Files - Writesoutput for the ray-tracing program POV-Ray.
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Exit - Quit ATOMS.

3.2.1.1 New command

The New command in the File Menu of the Graphics Window is identical to the
New command in the File menu of the Startup Menu.

3.2.1.2 Open command (Graphics)
Open command ( File menu(Startup) or File menu (Graphics))

If there is adata set in memory which has been modified, you are asked if youwant to
save the changes - seethe Close command.

Use this commandto open an existingATOMS data file. After the filehas beenread in,
you are asked if youwant to calculate immediately(this query can be eliminated with a
checkbox inthe Preferencesdialog, Settings menu). If you reply OK, the structure will
be plotted in the Graphics window. If you declineto calculate immediately,you can
modify the structure or display parameters. When finished, use the Calculate command
in the File menu.

Y ou can create a new ATOMS data set with the New command, or import various kinds
of filesfrom

other software with the Import command.

3.2.1.3 Save command (Graphics)
Save command ( File meny Graphics window)

When called from the Graphics window, this saves the active data set to its current name
and directory. If you have changed the orientation from that specifiedinthe

Initial Orientationdialog inthe Input2 menu, you are asked if you want to save the
current orientation. If you chooseto do this, the current orientation will be converted to

initial orientations on the observer x, y and z axes

When you save adata set for the first time, ATOMS displaysthe Save As dialog box so
you can name your data set. If youwant to changethe nameand directory of an existing
data set before you save it, choose the Save As command.

3.2.1.4  Save As command (Graphics)
Save Ascommand ( File menu, Graphics window)

When called from the Graphics window, this saves the active data set. ATOMS displays
the Save Asdialog box so you can nameyour data set.
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If you have changed the orientation from that specifiedin the Initial Orientation dialogin
the File2 menu, you are asked if you want to save the current orientation. If you choose
to do this, the current orientation will be converted to initial orientations on the observer
X,y and z axes

To save adata set with its existing nameand directory, use the Save command.

3.2.1.5 Close Command (Graphics)
Close Command [ File menu(Startup) or File menu (Graphics)]

When exiting ATOMS, closing the graphics window, reading ancther fileor starting a
new file, ATOMS triesto determineif you have made any changesin the structure
currently inmemory; if so, you are asked if you want to save the file.

First, it checks whether the orientation has changed from the Initial Orientation
established during calculation. If so, you can save the current orientation asinitial
rotations. It also checkswhether any dialoginthe Inputl and Input2 menus have been
opened, or whether there has been any changein the status of atoms marked for non-
plotting (see Deleting Atoms).

3.2.1.6  Import Files Submenu

The Import Files submenu inthe File Menu of the GraphicsWindow isidentical to the
Import Files submenu inthe Startup Menu.

3.2.1.7 Export Atom Data File
Dialog Box: Export Atom Data File [ File meny]

This exports the current generated atom data, with Cartesian coordinates, to a choice of
molecular fileformats.

ATOMS does not necessarilywrite acomplete filefor any particular format since it may
not have all the informationrequired - manual editing may be necessary. If an elemental
symbol iswritten it assumesthat the type number (modulo 100) isthe atomic number.

Export: Asdrawn/All generated atoms. If you choose Asdrawn, the atoms inthe file
will be just those shown on the screen, excluding atoms inincompl ete polyhedra, atoms
marked for non-plotting, etc. All generated atomswill export all atoms withinthe

current boundary.

Strip non-alphabetic charactersfrom label. Thiswill end thelabel string at the first
non-alphabetic character. Some programs are not able to identifythe element from labels
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like"C1", "O12", which are commonin crystallographic files.

Convert polyhedra to bonds. Thiswill export bonds between the central atom and the
ligands of any polyhedra. Not all export formats have bond specifications.

PDB files The space-group symbol inthe CRY ST1 record is not necessarilyin the form
required by PDB and may need to be edited. The standard crystal-Cartesian orientation
in PDB filesisa= x and c* = z, whereasin ATOMS itisa* = x andc = z. If the
crystallographic orientation isimportant it may be wise to reorient the crystal in ATOMS
to the standard PDB orientation. This can be done inthe Align Face or Vector option in
the Rotation menu. Orient on vector [100], with alignment face (001).

ATOMS does not directly export crystalographicfileformats. However, the shareware
program Cryscon

(Shape Software - www.shapesoftware.com) can convert among several crystallographic
formats, and writefilessuch as CIF from ATOMS data.

3.2.18 Calculate Command
Calculate Command [ File mend

This command must be used whenever an "intrinsic” or "input" parameter of the
structure, includingmost itemsin the Inputl menu, is changed. For parameters which
affect display only, such as atom, polyhedron or bond colors and itemsin the Input2
menu, use the Replot command inthe Display menu or the Replot button in the
Dialog Bar - Left. Changing atomic radii does not require recalculation as long as stick
bonds are not changed to interpenetration or vice-versa.

3.2.1.9  Print Graphics Image
Dialog Box: Print GraphicsImage [ File menu]

Thiscommandis for normal printer output through the printer driver (see below). If you
have a PostScript printer, you should probably use the PostScript command inthe File
menu rather than this one for non-3D images; that command sends PostScript language
commands directly to the printer, bypassing the printer driver. The PostScript language
has afew capabilitieswhich are missingfrom the system routines. Using

Direct PostScript output may give somewhat different, and usually more correct colors,
than using the Print option (although color inaccuracies may possibly be fixed by
changing the settings of the printer driver in the Page Setup command).

In the case of 3D images(that is printing whilein the 3D Display mode), ATOMS does
not send drawing commandsto the printer - rather the entire drawing (or sections
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thereof) must be imaged in memory, and this raster or bitmap imageis sent to the printer.

Three different Print M odes may be used, depending on the settings inthis dialog and
the ATOMS display mode- 1) Standard or QuickDraw, 2) Direct PostScript or 3)
Bitmap.

Option 1) sends standard QuickDraw graphics commands (the same as those used for the
screen) to a printer driver, which may be supplied by Appleor the printer manufacturer.
The printer then makes the imagein its own memory. Y ou select the printer or printer
driver in the Chooser option inthe Apple menu (OS 8/9) or inthePrint Center (OS X).
This option sometimesresultsin poor quality output, with too-thick or irregular lines,
patterns at a scaleof 72 dpi instead of thetrue printer resolution, or incorrect colors. If
this happens try one of the other options.

If you have a PostScript printer, for non-3D output you should probably select the Dir ect
PostScript option - this causes ATOMS to send PostScript language commandsto the
printer instead of the QuickDraw drawing commands, athough these commands are
transmitted through the currently-selected printer driver. Some printer drivers, especially
the standard LaserWriter drivers, may not print at the maximumresolution of the printer
without this option. Note that direct PostScript printer output isonly supported through
thisoption, not through the PostScript iteminthe Filemenu. ThePattern Series
selection isignored - patterns are determined by the Printer.

Option 3) forms the imagein memory, then sendsit as abitmapto the printer. This
option isalways used for 3D Display modes. This method may be very slow, but often
gives higher quality than option 1).

If the Standard printer dialog on OK box is checked, the Print dialog supplied by the
operating system or the printer driver comesup after youclick OK. Use that dialog to
set the number of copies or in some cases the resolution. The orientation (portrait or
landscape) can also be set inthe Page Setup dialog inthe 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 as well as with the Color printing checkbox
inthisdialog. This choice may be an option in the standard printer dialog above, or you
may need to set it in the Page Setup option in the Filemenu. Background appliesonly to
color printing; for black-and-white printing the background is alwayswhite (although you
could print on black paper).

See Frames for details of the frame and frame units.
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In this print option, for non-3D images, ATOMS sends standard graphics commandsto
the operating system, which passes them on to the printer driver, a pieceof software
whichis normally written by the printer manufacturer (but sometimesby Microsoft in the
case of Windows). For color printing, it isstandard to send RGB valuesto specify colors
for linesand files, and for black-and-white printing, it is standard to send gray-scale
values (actually, RGB valueswith al three components equal). The printer driver
interprets these valuesin terms solid areas and/or dot patterns of ink on the paper. No
color printer can print al colors as solid areas; traditional printing uses as few as three or
four colors, most commonly cyan, magenta, yellow and black, intermixedor dithered in
dot-patterns to produce a full range of colors. Microcomputer printers may use more
colors, but the principleis the same, and dot density is typically lower than in traditional
printing, so it may be important to select colors whichare as smpleas possible interms
of red, green and blue or cyan, magenta and yellow (see Colors, Palettes and DotPatterns

).

Use ATOMS b/w patterns- Pattern Series. Black-and-white printer drivers must
interpret the gray valuesfor fillsas dot patterns of varyingdensity. The patterns supplied
by the printer driver may or may not be satisfactory for the ATOMS user. Rather than
send gray-scalevaluesfor fills, ATOMS can also senditsown dot patterns, whichhave
been carefully designed for its purposes. The Fine seriesisappropriate for small
drawingswhich will not be reproduced photographicaly. The Coar se series simulates
halftone screening and isappropriate for photographic reproduction. To be precise, at a
printer resolution of 300 dots per inch, most of the patterns have a screen density of 53
linesper inch, at 45 degrees; thisisabout half the density of typical standard printing, so a
reduction of about a factor of two is generallly satisfactory. Of course, different printer
resolution would dictate different reduction factors. Note that this coarse/fine setting is
the same as that in the Raster and Metafile or PICT filesdialogsin the File menu.

ATOMS patterns are alwaysused for b/w printing, but they may be rescaled or otherwise
changed by the printer driver.

Actually, different printer drivers may interpret the standard gray-scale commandsin
terms of patterns whichare similar either to thefine or coarse series supplied by ATOMS.
Some may convert the ATOMS patterns to their own patterns, and some may not accept
the ATOMS patterns at al. Some may offer their own choice of pattern types or
densities (typicallyin the printer dialog above or the Page Setup dialog inthe File
menu). Thus some experimentation may be necessary to findthe best choice for patterns
(i.e. printer-driver patterns, fine ATOMS patterns; or coarse ATOMS patterns). Gray
linesof greater than one-dot width are alwaysdrawn by filling an outlinewith one of the
ATOMS patterns - gray-scale values are not used because many printers will not print
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gray lines. Thus the coarse/fine setting is alwaysused for wide b/w lines.

Maximum memory. Thisis used only when printing in bitmap mode, whichis aways
used for the 3D display mode Operating system support for printingin 3D modeis
incomplete, and ATOMSitself must therefore draw raster or bitmapimagesand send
these to the printer, rather than relying on the printer driver. Memory considerations
similar to those involved in Raster Filestherefore come into play.

Both Macintosh and Windows operating systems use virtual memory, which means that
they pretend that ahard disk can be used inplace of actual hardware memory chips. For
some purposes thisisuseful, but whenwriting raster filesit usually resultsin "disk
thrashing"”, or constant reading and writing of data to the hard disk.

ATOMS iscapable of imaging and writing raster filesinsegments or bandsto avoid this
problem. Thisrequires repeating the entire drawing process for each band, but this
usually is much faster than the reading/writingto disk involved inusing virtual memory.
To do thisrequires knowing how much actual chip memory is available. Unfortunately,
at present the operating systemsdo not provide thisinformation ina useful way. Thus
the user may need to determinethis by trial and error using the M aximum memory
parameter. Thisisthe same parameter which isset in the Raster Filesdialog.

When the M aximum memory parameter is set to zero, ATOMS will simplyask the
system for ablock of memory large enough to image the entire drawing at once. If this
amount of memory isgreater than the amount of chip memory which ismade available by
the system (and this may be considerably less than the actual amount of chip memory in
the computer), the operating systemwill use virtual memory, which istypicaly
manifested by disk thrashing. If you change the M aximum memory to some amount
lessthan that require for the image (say half), ATOMS will only request this amount of
memory from the system, and virtual memory may not come into play. A Maximum
memory setting should be good for a given session, regardless of the size of theraster
file; larger fileswill use more bands. However, the amount of memory availablemay
depend on whether other applications are active.

The amount of virtual memory is determined by the available space on the hard disk. If
thisisinsufficient, ATOMS will automatically use bands, but since virtual memory is
being used, it may still be advantageous to use a M aximum memory value which will
increase the number of bands.

3.2.1.10 Page Setup

The Page Setup dialog box in the File Menu of the Graphics Window is identical to the
Page Setup dialog in the File Menu of the Startup Window
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3.2.1.11 Listings Group

This submenu allows listing, in Text Windows, of Input Data (below), Generated Atoms,
Generated Faces and Totals with memory usage.

Dialog Box: List Input Data [File menu]
Thislistsout the input data to a Text Window (see Types of Windows). The categories

selected by the check boxes correspond to the various dialogsin the Inputl and Input2
menus.

3.2.1.12 Direct Postscript Output
Dialog Box: Direct Postscript Output [ File meny]

---- Windowsonly ----

This option can be used to write Encapsulated Postscript (EPS) filesfor transmission of
graphicsto other software, aswell as for direct output to a Postscript printer. Thisdirect
output isgenerally superior to, aswell as faster than, the output from the normal

Print Graphicscommand inthe File menuif your printer isPostScript. The Destination
option sendsoutput either directly to a printer or to afilein standard EPS (Encapsul ated
Postscript V3.0) format.

Screen Preview.

Most word-processing and publishing software cannot display an EPS fileon the screen
unlessthe filehasa special bitmap attached, called the screen preview. Thisisactualy a
sub-fileinthe TIFF format. The pixel depth of thisfilecan be set in the

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

---- Macintosh only ----

This option can only be used to write Encapsulated Postscript (EPS) filesfor transmission
of graphicsto other software. For direct output to a Postscript printer, use the Print
option.

Screen Preview.

Most word-processing and publishing software cannot display an EPS fileon the screen
unlessthe file hasa special attachment, called the screen preview. Thisisactually aPICT
in the resource fork of thefile.

---- End Windows/Macintosh only ----
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In 3D Display modes, ATOMS aways writes data (or sendsit to the printer) in the form
of abitmap (or "image" inPostScript terminology). Because of thefacts that PostScript
filesmust be ASCII (text), and that efficient data-compression schemes(other than the
copyrighted LZW) are not supported in PostScript level 2, PostScript filesfor 3D
drawingstend to be much larger than the best Raster formats, especially PNG. Thus the
PNG Raster format isgenerally preferable for al 3D Display mode drawings.

The Maximum memory setting limitsthe amount of memory used for bitmap buffers
when inthe 3D mode - seethe Raster section for further details. The number of pixelson
each raster linemust be divisibleby four - the imagewidth will be increased if necessary
to achievethis.

Settings button (PostScript Settings dialog). Onor beforefirst using the Direct
PostScript Output command, you should set or verify the settings inthis dialog,
especialythe port to whichthe printer isattached. Fontsin PostScript output. Depending
on your system configuration (Windows or Macintosh, printer type and driver), the
PostScript fonts supported by a PostScript printer may or may not appear in the dialog
for selecting fonts which may be called from the Title/Axes, Atom Labels Bond Labels,
Axes/Unit-Cell or Magnetic Labelsdialogs. Furthermore, you may want to write EPS
filesfor a printer whichis not even connected to your computer. These dialogs thus have
an option to specify a character string for the PostScript font. This string specifiesthe
typeface, and includesthe weight (normal, bold) and other attributes (italic or oblique),
but does not include the size - the sizeisspecifiedin the font dialog. There are certain
standard PostScript typefaces which are present on most PostScript printers.

See Frames for details of the frame and frame units.

3.2.1.13 Pen Plot
Dialog Box: Pen Plot [ File mend]
---- Windowsonly ----
This option can be used to send commands directly to apen plotter, provided the plotter
is connected to one of the standard parallel or serial ports, or to write filessuch as HPGL
which may be read by other software.

---- Macintosh only ----

This option writes pen-plotter-language files such as HPGL which may be read by other
software.

---- End Windows/Macintosh only ----
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On first using this command, be sure to click on the Settings button to set or verify the
characteristics of the plotter.

To write HPGL files, click on the Settings button and make sure that the plotter selected
is"HPGL plotters'.

See Frames for details of the frame and frame units.

3.2.1.14 Raster (Bitmap) Files
Dialog Box: Raster (Bitmap) Files [ File meny

--WindowsOnly ----------

This command can writefilesinfour different formats (File type): Windows device-
independent format (.BMP); PC-Paintbrush (.PCX); Tag-image-format (.TIF); and
Portable Network Graphics(.PNG) files.

--Macintosh only---------

This command can writefilesinthe Portable Network Graphics(.PNG) format. The
Clipboard/PICT option (File menu) can also write raster or bitmap files,inthe PICT
format.

--End Windows/Macintosh only----
See Selection of File Format below for informationon choosing the format.

The drawing may be either black and white or color. If black and white, the pixel size is
1-bit. For color filesthe pixel size mayin some cases be selected. In Windows, 16-bit is
only availablefor.omp files. In Macintosh, 8-bit (256-color) isonly availableif the screen
iscurrently set at this color depth.

Using colors other than white, black or gray for background may result in increased size
of raster filesor PostScript filesin 3D modes. In some cases asimplerun-length-
encoding method is used for compression of thesefiles (see below), and thisfailsfor 24-
bit RGB (true color) fileswhen the three components arenot identical. That is, for a row
of white pixelsthe sequence of bytesis 255, 255, 255, 255... whereas for arow of red
pixelsit is 255, 0, 0, 255, 0, O...

The imageswill look much the same asa screen image, except that for black-and-white
filesgray shades are awaysrendered as dot patterns, and there isa choiceof coarse or
fine patterns, as for printing (see the Print dialog inthe File menu). Fine patterns are
appropriate for small imageswhichwill not be reproduced photographically, or for
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imageswhichwill be shown on the screen only; coarse patterns mimic halftone screens
used in printing, and generally reproduce better photographically, especialy when the
imageis reduced insize. Note that thiscoarse/fine setting is the same as that in the Print
and Metafilesor PICT filesdialogsin the File menu.

If the Compress box is checked,.TIF filesare compressed with run-length encoding,
whichis one 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.BMP filesare never compressed. Owing to a Windows system bug,
compression of 4-bit.BMP filesmay not work when banding isused (see below). .PCX
filesare alwayscompressed. with their own format. 24-bit.PCX files can compress well,
whereas 24-bit.TIF filesare only partially compressed (and then only if there are large
areas of black, whiteor grey), and 24-bit.BMP filesare not compressed at al. PNG files
also are alwayscompressed.

See Frames for details of the frame and frame units.

Maximum memory. Windows and Macintosh both use virtual memory, which means
that they pretendsthat ahard disk can be used inplace of actual hardware memory chips.
For some applicationsthisisuseful, but when writing raster filesit usually resultsa form
of lingering death involving"disk thrashing", or constant reading and writing of datato
the hard disk.

ATOMS iscapable of imaging and writing raster filesinsegments or bandsto avoid this
problem. Thisrequires repeating the entire drawing process for each band, but this
usually is much faster than the reading/writingto disk involved inusing virtual memory.
To do thisrequires knowing how much actual chip memory is available. Unfortunately,
at present Windows does not provide thisinformation ina way that can be used for both
16- (standard Windows 3.1) and 32-bit (Windows 95 or NT) systems. Thus the user may
need to determine thisby trial and error usingthe Maximum memory parameter.

When the Maximum memory parameter is set to zero, ATOMS will simply ask the
system for ablock of memory large enough to image the entire drawing at once. This
amount of memory isprinted out in the dialog which appears after starting the raster
imaging: "nnnn bytes required, mmmm bytesavailable- will require 1 bands". If this
amount of memory isgreater than the amount of chip memory available, Windows will
use virtual memory, whichis typically manifested by constant running of the hard disk for
long periods (disk thrashing). If you changethe Maximum memory to some amount
smaller than nnnn (say half), ATOMS will only request this amount of memory from the
system, and virtual memory may not come into play. A Maximum memory setting
should be good for a given session, regardless of the size of the raster file;larger fileswill
use more bands. However, the amount of memory available may depend on whether
other applications are active.
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The amount of virtual memory is determined by the available space on the hard disk. If
thisisinsufficient, ATOMS will automatically use bands, but since virtual memory is
being used, it may still be advantageous to use aMaximum memory value whichwill
increase the number of bands.

Selection of File Format. The choice of format depends first of all on what formats are
supported by the target software (paint program; publishing program; etc.). Beyond this
the first choiceshould be PNG, second choice PCX, and then PICT, TIF or BMP
depending of what is supported and how much memory or disk space isavailable.

Asof 1997, the preferred graphicsfiletypesfor the internet were GIF and JPEG.
However, GIF usesthe LZW compression scheme copyrighted by UnisysCorp., whichin
principlecharges alicensefeefor every application usingit. JPEG filesare compact but
involvelosses and degradation of theimage and are thus not suitablefor ATOMS files.

The PNG format isintended to be areplacement for GIF, and in factis superior to most
other formats, beinglossless and giving very good compression for the type of images
generated by ATOMS (athough 3D imagesdo not compress as well as standard-mode
images). Essentially all major software vendors have subscribed to the PNG convention
and releases from 1998 onward should support it.

Most TIF filesalso use LZW compression, but ATOMS does not use this type of
compression because of the copyright problem. The run-length-encoding whichATOMS
does use is supposed to be supported by al TIF readers, but infact some do not support
it, and this algorithm does not work well for 24-bit (RGB) images.

PICT bitmap fileson the Macintosh are compressed by the system software and the
algorithm may vary. PNG filesare usualy smaller.

There are dozens of raster graphicsformatsand it will never be possiblefor ATOMS to
support al of them. ATOMS userswho work with raster filesshould consider investing
in aconversion program - there are many such programs whichare not expensive. The
PNG home page (www.cdrom.com/pub/pnp) has linksto many shareware and
conventional commercial conversion packages.

3.2.1.15 Clipboard/PICT (Mac)
Dialog Box: Clipboard/PICT [ File mend

Note that thistype of output may bereferred to elsewhere as Metafile output. This
option can write imageseither to the Clipboard or to PICT files, in either of two formats:
(a) arescalable 2-dimensional Picture or metafile, or (b) a raster imageor bitmap. For
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the 3D Drawing mode, this option writes a two-dimensional imageand only bitmapsare
available, but seethe VRML Filesand POV-Ray options for fileswhichactually contain
three-dimensional data

Macintosh Pictures, as used here, are images containinglines or vectors and fillsof
regions defined by lines, that can be rescaled without necessarilylosing resolution. They
record the drawing commandsthat are used for the screen or standard printer output, but
the result may depend on the software or device in whichthey are used.

Bitmaps or raster imagesrecord every pixel, so they are not susceptibleto undesirable
modification by other software. Although most "painting" software can resize bitmaps,
thisusually causes a loss of quality, so it is best to save abitmap in exactly the desired
size. Note that you can also save bitmapsin the PNG file format (File meny), whichis
superior is some respects to PICT files.

If color output is selected, you can choose either 16- or 32-hit color depth - 8-bit (256-
color) filescannot be written.

Y ou can select the nominal dots per inch/centimeter, but note that programs whichread
the filemay ignore this and show the imageat 72 dots per inch.

Background color. If thisoption, whichappliesonly to PICT output, ison, the color
selected in the Background Color dialog of the Input2 menu will be appliedin color
output only. Background in b/w output is awayswhite.

In the 3D drawing mode PICT (bitmap) output alwayshas 32-hit pixel depth.

See Frames for details of the frame and frame units.

3.2.1.16 Metafiles (Windows)
Dialog Box: Metafiles [ Filemend

--- Windows Only ----------

Windows metafiles are basically vector images (but includingfills) that can be rescaled
without necessarilylosing resolution. They record the drawing commandsthat are used
for the screen or standard printer output, but the result may depend on the software or
device for whichthey are intended. You can write. EMF filesor sendthe image to the
clipboard. ATOMS no longer supports the 16-bit. WMF format. Enhanced metafiles
(.EMF) are 32-hit format fileswhich also contain scaling information. They are the
preferred type of metafilefor use in 32-bit Windows systems, but cannot be used in
standard 16-bit Windows 3.1or Win32s.
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The type of image written by this option isstrictly two-dimensional. It isalso possibleto
write filescontaining three-dimensional imageswith the VRML Filesand POV -Ray
options.

To prevent loss of resolution, ATOMS writes metafileswith a standard scaling of 2540
dots or pixelsper inch (1000/cm).

Background color. If thisoption ison, the color selected inthe Background Color
diaog of the Input2 menu will be applied in color output only. Background inb/w
output isalwayswhite.

Use ATOMS b/w patterns. Rather than use gray-scalevaluesfor fills, ATOMS can also
send itsown dot patterns, which have been carefully designed for its purposes in two
series, Coarse and Fine.  Note that this coarse/finesetting is the same as that in the Print
and Raster dialogsin the File menu.

Gray linesof greater than one-dot width are awaysdrawn by fillingan outline with one
of the ATOMS patterns - gray-scale valuesare not used because few printers will directly

print gray lines, at least under Windows 95. Thus the coarse/fine setting is alwaysused
for wide b/w lines.

See Frames for details of the frame and frame units.

3.2.1.17 Save Graphics Window
Dialog Box: Save GraphicsWindow [ File mend

This command writes a bitmap giving exactly what isshown inside the current graphics
window.

This option isappropriate for applications whichwill use the imageon the screen. For
applicationswhichwill use aprinted or other high-resolution image, either the

Raster Filesor Metafiles(Windows) or PICT (Macintosh) options will usualy give better
results.

---Windows Only ---------

Thiswill save a Device-Independent-Bitmap (DIB) either to the clipboard or to aBMP
file.

Y ou can also copy the current window to the clipboard with the Print Screen key (this
isastandard Windowsfunction). However, thisincludesthe window title bar and border
and parts of overlapping windows, whereas the Screen to Bitmap command only copies
the graphics part or the client area.
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---Macintosh Only --------
Thiswill save a PICT fileasraster, or put the imagein the clipboard.
---End Windows/Macintosh Only --------

3.2.1.18 VRML Files
Dialog Box: VRML Files [ Filemeny]

Virtual Reality Modeling Language fileswere intended for exchange of virtual reality data
on the Internet. However, they have become a defacto standard for interchange of 3D
data of all types.

ATOMS currently supports V1.0 ascii files.

VRML files can be viewed with Internet browsers for either Windows or Macintosh,
using plug-ins such Cosmoplayer (www.cosmosoftware.com). Sincethe filesare text,
they can also be viewed on SGI and other UNIX systems. 3D Exploration
(www.righthemisphere.com) is a stand-alone viewer for Windows which isindependent
of Internet browsers.

Most of the settingsfor 3D display mode (3D Parameters dialogs, Input2 menu ) apply to
VRML files, athough there islittle control of lighting (the viewer application or plug-in
usually controls this, although most viewers offer few choices). Thermal ellipsoidsmay
be drawn in VRML files, as selected in the 3D - Genera dialog or the

Ellipsoid Parametersdialog, Input2 menu. Thermal ellipsoids are always solid, without
the cut-out octant whichis possiblein direct screen or print drawing, and bonds are
awayscylindrical, not tapered.

If the buttons in this dialog are used to change 3D settings, these changes will also apply
3D Display mode on screen and in output.

For the latest information on crystallographicand molecul ar-modeling applications of
VRML see http://193.49.43/dif/3D_crystals.html or http://fluo.univ-
lemans.fr:8001/vrml/intvrml.html.

3.2.1.19 POV-Ray File Output
Dialog Box: POV-Ray File Output [ File meny

POV-Ray is aprogram whichdraws a 3D image pixel-by-pixel, calculatingall possible
light-ray paths. It allowsfor much more elaborate lighting effectsthan the OpenGL
software used in the 3D mode in ATOMS. Some obvious effectsare shadows and
refraction but there are many possibilities. Backgrounds and other objects may be added
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aswell. The filesare text (ASCII) and may be edited.

Sincethe calculationis much more elaborate than that done by OpenGL, thisisnot a
method that can be used for real-timedisplay on the screen - POV-Ray images may take
many minutesto complete.

The POV-Ray package, with instructions, samples, etc., may be obtained from
WWW.povray.org.

Whileadding shadows to ball-and-stick or space-filling structure drawings may make
them more "redlistic”, it a'so may tend to complicate things. Shadows are usually most
beneficialto Cavitiesmode drawingsof crystals. The default output from ATOMS has
shadows, but this can be changed by adding the keyword "shadowless" after the color
definitionin the "light_source" definition near the beginningof the file.

See Frames for details of the frame and frame units.

3.2.1.20 Exit/Quit command

Exit [Windows] or Quit [Macintosh] command [ File menu(Startup) or File menu
(Graphics) ]

Use this commandto end your ATOMS session.

If you have changed the orientation from that specifiedin the Initial Orientation dialog in
the File2 menu, you are asked if you want to save the current orientation. If you choose
to do this, the current orientation will be converted to initial orientations on the observer
X,y and z axes. If clinographic viewingisineffect at the time of saving, the initial
clinographicviewing flag will be turned on. Theinitial rotations can be changed or
deleted inthe Initial Orientationdialog inthe Input2 menu. See aso

Coordinate Systems.

ATOMS also checks whether any dialogin the Inputl and Input2 menus have been
opened, or whether there has been any changein the status of atoms marked for non-
plotting (see Deleting Atoms).

3.2.2 Inputl Menu (Graphics Window)
Note: if the screenis narrow, this may be a submenu inthe Input menu.

Title/Structure Axes - Titleand axial system (unit cell for crystals).

Symmetry - Symmetry of the structure.
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Boundary - Boundariesfor limitingthe reproduction of atoms by lattice vectors.

Display Faces - Theoptional crystal facesfor display surround the structure - they can
be the same as boundary faces, or different.

Atoms - Thecoordinates and other attributes of input atoms.
Polyhedra - Specificationsfor locating polyhedra, and display attributes.
Bonds - Specificationsfor locating bonds, and display attributes.

Atoms - Global - Thisalows changing the radius, colors etc., of al input atoms, or
specified subsets, at once.

Atomic Vectors - Thisspecifiesgeneral attributes of vectors for magnetic spinsor
vibrational displacementsor other purposes.

Vibrational Modes - For data sets originating from the VIBRAT program, thisallows
selection of individual vibrational modes..

Cavity Parameters - Thissets the parameters for showing "open spaces’ in the Cavities
display mode.

3.2.2.1 Title/Axes
Dialog Box: Title/Axes [ Inputl Menu]

The title may have up to 80 characters of identifyinginformation.

The axial system determines the type of coordinate axesfor crystal faces(if present) as
well as atoms. If you are drawing amolecule you will probably want to choose Unit
Cartesian axes unlessthe symmetry istrigonal or hexagonal - see sections 1V-5 and V-
6 of the instructions.

If you choose a crystal systemyou must supply the axis lengths and interaxial angles
appropriate to the crystal system you selected. Axislengths should bein Angstroms, and
anglesin degrees and fractions (not minutesand seconds). If you are enteringa new
structure, the unique anglefor the monoclinicsystem isalwayscalled beta at this point.
However, inthe Symmetry options the selection of space or point group may change this,
and if you return to the Title/Axes dialog the correct angle should be shown. If the
angles are till incorrect you can use triclinicaxes.

Although standard crystallographic nomenclature givesthe same letter (usually a) to
symmetry-equivalentaxes, after the initial input ATOMS may call all axes, whatever the
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system, "a, b, and ¢" and angles"Alpha’, "Beta' and "Gamma".

If the Print title on plot box is checked, the title will be shown inthe lower left on al
display and output (of the structure, not the Powder or Precession patterns). |If the Scale
box ischecked, thelettering on print and fileoutput will be scaled to approximately the
samerelative size compared to thedrawing asit ison the screen.

Use PostScript font. Thisalowsyou to enter acharacter string for PostScript fonts
supported by a PostScript printer if such fonts do not appear in the standard system font
dialog called up by the Font button. This character string usually specifiesthe weight
(normal, bold) and dant (italic, oblique) of the font, but not the size, whichis specifiedin
the Font dialog. Certain PostScript typefacesare standard, and should be present on
most PostScript printers.

3.2.2.2  Symmetry
Dialog Box: Symmetry [ Inputl Menu]
The authority and source of information for crystal symmetry isnormally the
International Tables for X-ray Crystallography. However, any point- or space-group

symmetry may be used for the atoms. There are several options for selectingor entering
symmetry information.

Space group from table - Choose a space group by symbol or number.

Point group from table - Choose acrystallographic point group.

Cartesian matrices - Usenon-standard or non-crystallographic point symmetry.

Custom point or space group - Enter al the individual operators.

Use nosymmetry - Usenosymmetryat all. Check Crystal to enablelattice
trangdlations - the space group will be P1.

Except for thelast option, Use no symmetry, each choice callsup asub-dialog.

3.2.2.2.1 Space-Group Symmetry, Basic Tab
Dialog Box: Symmetry - Space Group from Table: Basic Tab [ Symmetry dialog]

Starting with V4.0 of ATOMS, space-group symmetryis obtained using licensed excerpts
from the SGInfo program of Ralf Grosse-Kunstleve. Thisallows more complete selection
of alternate orientations and originsthan inprevious versions of ATOMS, and also
Shubnikov black-and-white symmetry.

Y ou can specify the space group inany of three ways: 1) the Hermann-Maughin (H-M)
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or International symbol; 2) the Hall symbol (S.R. Hall: Acta Cryst., A37, 517, 1981); or
3) the number of the group in the International Tables for X-ray Crystallography.

International Tables Volume You have theoption of using the older version of the
Tables (called the Second Edition: various revisionsand reprints from 1952 to 1979) in
whichthe symmetry informationwas inVolume I, or the newer version (1983 onwards)
inwhichit isin Volume A. Theprincipa differencebetween thetwo versionsisthat in
the older one the unique axisof a monoclinicgroup is assumed to be the c-axis, whereas
in the newer oneit isassumed to be the b-axis. Thusentering the symbol P2/m gives two
different orientations depending on the volume selected. Y ou can aways specify the
orientation by entering the long form of thesymbol,i.e. P2/m11, P12/mlor P11
2/m.

The H-M symbol can be typed into the edit box in either short formor long form, with or
without spaces between positions. However, it isusually safer to select the symbol from
the list box at the bottom, which givesthe standard-form symbolsfor all the space-
groups. Clickingthe Select button copies therelevant data to the edit boxes at the top; it
does not actually generate the symmetry. Symmetry generation isdone after you click OK
- thismay take a few seconds. |f the space group you select does not appear to be
consistent with your choice of axes, awarning box appears, but inmost cases consistency
is not required. However, if you selected trigonal rhombohedral axesin the Title/Axes
dialog, only arhombohedral space group may be selected. Thisis done by adding :R to
the end of the symbol inthe case of H-M symbols, or asterisk (*) in the case of Hall
symbols. Thisis achange from versionsof ATOMS previous to V4.0, in whichthe
orientation of the space group was automatically determined from the Title/Axesdialog.
If you select the rhombohedral setting and then switch to the Custom symmetry option,
the lattice typewill be P; it will be R if the axes are hexagonal.

Origin of coordinates. In the International Tables, 24 space groups in the
orthorhombic, tetragonal and cubic systemsare givenwith a choice of origin: 1) not on a
center of inversion or 2) on acenter of inversion. Thesetwo origins are selected by
adding :1 or :2 respectively to the end of the H-M symbol or the number. Although the
origin on the center is second inthe Tables and in the list, if the numberis omitted this
will be the default. Thisdifferencein originis explicitin the Hall symbol, and other
choicesof origin may be specified for any space group with the Hall symbol.

Shubnikov Symmetry. Y ou can use Shubnikov black-and-whitesymmetry to show
magnetic or other properties of crystals. If you choose this option you must enter at least
some of the relevant parametersin the Shubnikov Tab. You enter the Shubnikov space-
group symmetry using modified versions of either the H-M or Hall symbols. After
entering the Shubnikov symmetry in the Basic Tab, you can check the Shubnikov lattice
type and basisoperations in the Shubnikov Tab after clickingOK or Apply. The H-M
symbol is modifiedin the standard way, by @) adding a subscript (actually a postscript) to
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the lattice symbol; or b) adding a prime or apostrophe to theindividua "positions’ or
basisoperations in the symbol. To enter a Shubnikov symbol you must separate the lattice
symbol and the individual positions by at least one space or underscore. The entriesin the
list box already have these separations, so it isadvisableto select one of these and then
edit it. The Hall symbol is modifiedina similarway, but instead of using a primeyou

must use the """ character. An initia minussign on the Hall symbol signifiesa center of
inversion- if you want to assign Shubnikov inversionto this center, add " to the lattice
symbol, not to the minussign.

Standard H-M Shubnikov lattice symbols use both lower- and upper-case subscripts A,
B, Cfor "color" facecentering, and a, b, ¢ for edge centering. In ATOMS a capital letter
will always indicate face centering, and either lower-case a, b, cor Xx,y, z(or X, Y, Z)
will indicate edge centering. Notethat thereis little checking for self-consistency, either
for input through the symbol or explicit operators in the Shubnikov Tab. The user is
responsiblefor entering a valid Shubnikov space group.

Shubnikov inversionis considered to apply to the spin of a magnetic atom, rather than
directly to the vector which shows the magnetic direction. This meansthat improper
operations, including a center of inversion, planes of symmetry and improper (bar) axes,
result ininversion or reversal of the magnetic spin vector when the operation isnot
primed or Shubnikov, and no inversion when the operation is primed or Shubnikov. Of
course, the resulting spin-vector orientation depends also on the orientation of the spin
with respect to the symmetry operator - whenthe vector is parallel to an axisor planethe
result iscompletely different from when it is perpendicular. ATOMS can apply Shubnikov
symmetryinthisway, or in certain other ways - see the Shubnikov Tab.

Magnetic or other Shubnikov symmetry normally involvesentriesin three different
places:

1) The Space Group from Table symmetry option (this dialog), including the
Shubnikov Tab;

2) The Atomic Vectors dialog (Inputl menu), to set the display parameters of the
vectors; and

3) the Revise Atom dialog, Vector Tab for individual input atoms, to set the orientation
of the vectors on the atoms.

Molecules. It may sometimesbe desirableto use the Space Group symmetry option for a
moleculerather than the Point Group option because insome point groups you can select
different orientations of the symmetry operators with respect to the coordinate axes by
choosing the operations from different space groups. Space-group operations are
applicableto point groups, provided there are no translations- that is, you cannot use
space groups with screw axes, glide planes, or non-primitive lattices. For example, in
number 111, P42m - D2d1 the mirror planes are 45 degrees from the structure axes,
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whereasin no. 115, PAm2 - D2d5, the mirror planes are paralle to the axes. If you
choose the Point Group symmetry option and enter the point group 4m2 - D2d, the first
of these orientations, asin number 111, will always be used. Thesetwo space groups
actually differin other waysthan the 45 degree rotation, but thisisirrelevant if the
operations are used without |attice trand ations. The choice between thetwo space groups
depends on the relative orientation of coordinate axes and symmetry elements. In this
case, if an atom lieson a 2-fold axisit will belong to a set of four (rather than eight if it
does not lieon any symmetry elements). For no. 111, such atoms will have coordinates
likex,0,0, whereas for no. 115 they will be likex,x,0.

In the trigonal, hexagonal and tetragonal systems several space groups have alternate
orientations at 30 or 45 degrees from each other asin the case of D2d. If the symmetry
for amoleculeis specified with the Point Group option, the "standard" orientation is
generated. One may access the alternate orientation by the Space Group option and
givingthe aternate space group as follows (a B before a number indicatesa "bar" or
inversionaxis:

Standard Orientation Alternate Orientation
42m - D2d PB42M (no. 111) PB4M2 (no. 115)
32-D3 P321 (no. 150) P312 (no. 149)
3m- C3v P3M1 (no. 156) P31M (no. 157)
32/m- D3d PB3M1 (no. 164) PB31M (no. 162)
6m2 - D3h PB6M2 (no. 187) PB62M (no. 189)

You can also use thissymmetry option to select anon-standard setting for monoclinicor
orthorhombic point groups as

discussed in the previous section. For example, you can cause the unique axis of groups 2
- C2, m- Csor 2/m- C2h to beeither a, b or ¢ (the standard setting for ATOMS is
unique axis b). You can also cause the 2-fold axisof mm2 - C2v to be parallel to any of
the three structure axes. If you do choose this option, using space-group operations for a

molecule, be sure that the space group has no screw axes or glideplanes, and has a
primitiveBravais | attice.

3.2.2.2.2 Space-Group Symmetry, Shubnikov Tab
Dialog Box: Space-Group Symmetry: Shubnikov Tab [ Symmetry Dialog]

ATOMS uses severa toolsfor description and depiction of magnetic structures, loosely
gathered in the " Shubnikov" tab.

Thesetools include 1) constant vector orientation for al atoms in asite; 2) full Shubnikov
symmetryinthat the vectors themselves obey the full specifiedsymmetry; 3) Shubnikov
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symmetry with vector orientations remaining constant except for inversion; and 3) lattice
inversionor magnetic supercellsindependent of Shubnikov symmetry.

Magnetic or other Shubnikov symmetry may involveentries in three different places. 1)
The Space Group from Table symmetry option, including the Shubnikov Tab (this
dialog); 2) The Atomic Vectors dialog (Inputl menu), to set the display parameters of
the vectors; and 3) the Revise Atom dialog, Vector Tab for individual input atoms, to set
the orientation of the vectors on the atoms.

In the upper part of thisdialog, the methods of Display and Application of the
Shubnikov symmetry are selected.

Display:

1) Labels+/-. Inthismode, onlythe two "colors', signifiedby the +/- symbols, are
shown. Select thesize and other properties of the symbolswith the dialog called up by
the Labelsbutton. Caution : this option may not be suitable for showing Shubnikov
magnetic symmetry. Whether or not an atomic vector isreversed or inverted by the
combination of ordinary and Shubnikov symmetry depends on the orientation of that
vector with respect to the symmetry operator. Most published diagrams of magnetic
structure using black and white or + and - atoms are not actually showing the Shubnikov
inversions, they are showing symbolicallythe reversalsof spin vectors whichare typically
in special orientations.  1f youwant to show arbitrary black/white inversionwhich does
not conform to Shubnikov symmetry, you can simple draw up anormal structure, convert
Generated to Input (Transform menu) and recolor individua atoms as desired.

2) Vectors- reversal only. Inthismode, each input atom has avector, but the
orientation isconstant except that the direction may be reversed by the Shubnikov
operators. Thisisnot what most workers seem to understand by Shubnikov symmetry
appliedto atomic spinvectors, but it can be useful in illustrating many magnetic
structures or innon-magnetic applications. Especialy, it can be used to alignall atomsin
aparticular sitein the same direction, regardless of space-group symmetry. To do this,
you should also uncheck the Shubnikov box in the Space-Group Symmetry: Basic Tab.
Virtually any commensurate magnetic structure can then beillustrated by converting
Generated to Input (Transform menu) and reversingor otherwise reorienting the vectors
manually. When in the Input=generated mode, clickingon a magnetic atom bringsup a
dialog which has a button for vector reversal or inversion.

3) Vectors- full symmetry. Inthismode, the orientation of the vector on each
generated atom issubject to all symmetry operations, both standard and Shubnikov
reversal.

Application :
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1) Magnetic. Shubnikov inversionisconsidered to apply to the spin or electric current
loop of a magnetic atom, rather than directly to the vector which shows the magnetic
direction. This meansthat improper operations, includingacenter of inversion, planes of
symmetry and improper (bar) axes, result ininversionor reversal of the magnetic spin
vector when the operation is not primed or Shubnikov, and no inversionwhen the
operation isprimed or Shubnikov. Of course, the resulting spin-vector orientation
depends also on the orientation of the spinwith respect to the symmetry operator - when
the vector is parallel to an axisor planethe result is completely different from whenitis
perpendicular.

2) Dipole or Black/White. In this case the inversionsare applied directly to the vectors,
not to the spin or electric current loops. Thus improper operations result inno inversion
or reversal of the vector when the operation isnot primed, and inversionwhen the
operation isprimed. Thistype of symmetry could be applied to atomic dipoles, or to
displacements, for example.

See the table below for the various combinationsof Display and Application.

Set the overall properties of atomic vectors with the Vectors dialog calledup by the
Vector s button; set the orientation of the vector for eachinput atom in the

Revise Atom: Vector Tab. Whether each input atom hasa Shubnikov reversal at all is
also set inthe Revise Atom: Basic Tab. In general, not every input atom is Shubnikov or
even can be Shubnikov in display modes 1) and 3). Theorientation of vectors in special
positions may berestricted. Black-white reversal itself may be forbidden insome specia
positions. Such positions should be identified during the cal culation and marked as non-
Shubnikov.

Shubnikov Operators. Thissection of the dialog summarizesthe information obtained
from the Shubnikov symbol inthe Basic Tab. The possibilitiesfor the Shubnikov lattice
type or L attice centering are lower-case a, b, or c, indicating trandation reversa in the
respective axis direction, or S, indicating reversal on all three directions; or upper-case A,
B, or Cindicatinga Shubnikov centering of the respective faces, or |, indicating
Shubnikov body centering.

For non-trandational Shubnikov symmetry, the possibilitiesare I nversion, and either
Rotation parallel to, or Reflection perpendicular to any of thethree axisdirections. If
present, rotation and reflection are indicated by capital letters A, B and/or C. Theface
diagonal [110] direction, indicated by AB, is aso possiblein high-symmetry crystals. The
body diagonal [111] direction isnot a possible Shubnikov operator orientation asit can
only have athree-fold axis.

Note that there is little checking for self-consistency of Shubnikov operators. Theuser is
responsiblefor entering a valid Shubnikov space group.
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Table showing possibilitiesfor Display and Application of Shubnikov symmetry

+/- Reversal Only Full Symmetry
Magnetic bc bc abc
Dipole bd bd abd

a) Operate on vector with ordinary space-group symmetry

b) Proper operators (lattice and non-bar axes) - reverseif primed, do not reverse if
unprimed

¢) Improper operators (inversion, reflection, bar axes) - reverse if unprimed, do not
reverseif primed

d) Improper operators (inversion, reflection, bar axes) - do not reverseif unprimed,
reverseif primed

Rever se meansto changevector direction by 180 degrees, or to change+ to - or vice-
versa. The ordinary space-group symmetry operations are always appliedto the positions
of the atoms.

Lattice Inversions or Magnetic Supercell. Thisoption is not actually part of
Shubnikov symmetry, but it offersa simplemeans of describing many magnetic
structures, either by itself or in combination with Shubnikov operators, often without
changing the unit cell and overall symmetry from what describes the non-magnetic
structure.

Checking one of the boxes causes all magnetic vectors to reverse with each trandation on
that axis. Thisnormally resultsin adoubled magnetic axis or cell edge inthat direction.
When more than one latticeinversion isselected, the operations are applied successively.
For exampleif thereisinversionon a and b axes, the 100 and 010 unit cellshave
inversion, but the 110 unit cell does not.

If the unit cell is non-primitiveyou can use inversionon either the Bravais axes or the
primitiveaxes, but not both.

Note that the Default Unit Cell boundary option usesthe non-magnetic Bravais axes, not
the doubled magnetic axes. To show thereversas adequately it may be necessary to
select the -1 to 1 inclusive option in the Default Unit Cell boundary option, or to use the
Trandation Limitsboundary option.
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This option isdefinitely not the same as using non-primitive Shubnikov lattices, and is
apparently equivalent to specifyingamagnetic "wave vector". Compare the samples
FCCMAG, FCCMAGR, and FCCFULL_II for different ways of showing Typell FCC
(MnO) magnetic structure - the most concise iISFCCFULL_Il whichuses inversionson
all three primitive (face-centering) lattice trand ations, with the full Fm3m X-ray
symmetry of MnO.

See also the CRCL2MAGD sample, which uses magnetic lattice inversionson two axes
in combinationwith a Shubnikov space group Pnnm' which issimply related to the non-
magnetic group Pnnm.

Irreducible Representations. ATOMS could inprinciple be programmed to use the
method of description of magnetic structures by means of the irreduciblerepresentations
of space groups, as pioneered by Bertaut and others and described in the book by
Izyumov, Naish and Ozerov (Neutron Diffraction of Magnetic Materials). Thishas
obvious theoretical advantages over the ad hoc methods now used in ATOMS, but there
are practical difficultiesin that the representations are numbered in an arbitrary way and
and must refer to an essentially arbitrary order of symmetry operators. A description of
thistype can be concise but it may convey little without reference to a standard
compilation such as that of Kovalev.

If there is sufficientinterest, using irreduciblerepresentations might be attempted in
ATOMS.

3.2.2.2.3 Magnetic Labels
Dialog Box: Magnetic (Shubnikov) Labels [ Space-Group Symmetry Dialog]

The only characters whichwill be shown are the symbols+ and -. The choice between
showing these symbolsand atomic vectors ismade inthe Space-Group Symmetry
diaog, Shubnikov tab.

If the Background is opagque, each symbol will lieon a small block of the designated
color; thisusualy makesthe labelseasier to read. Some other programs may not be able
to reproduce these opaque blocksin Metafilesor PICT file output.

Sequence. The labelsmay be plotted immediately after each atom, or al at once after al
atoms have been plotted. The first usually looks better, but some labelswill usually be
partly or completely obscured.

Use PostScript font. Thisalows you to enter acharacter string for PostScript fonts
supported by a PostScript printer if such fonts do not appear in the standard system font
dialog called up by the Font button. This character string usually specifiesthe weight
(normal, bold) and dant (italic, oblique) of the font, but not the size, whichis specifiedin
the Font dialog. Certain PostScript typefacesare standard, and should be present on
most PostScript printers.
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The label positions are correct for stereopairs, and labelsfor central atoms of polyhedra
will appear suspended in the interior of the polyhedra.

Use the color options inthisdialog, not the color options inthe Font dialog to set the
color of the letters. Letters are alwayssolid black in black-and-white display or output.
See Input Colors/Petterns/Pens for general aspects of color input.

Labelsare not supported for Pen Plot output.

3.2.2.2.4 Point-Group Symmetry
Dialog Box: Symmetry - Point Group from Table [ Symmetry Dialog]

Thisisthe simplest symmetry option for a molecule, provided the symmetryis
crystallographic and atomic coordinates conform to standard orientations. It isnot
applicableif the symmetry isicosahedral, pentagonal or other non-crystallographictype,
or trigona or hexagonal if Cartesian axes are used; choose the Cartesian matrices
symmetry option in any of these cases. If the symmetry iscrystallographic, but the
orientation isnon-standard, it may be possibleto use the Space group option.

To use thisoption, click on the point group symbol; symmetry operations will then be
taken from a space group belonging to the given point group in the International Tables;
the space group chosen will have a primitivelattice, no screw axes or glide planes, and
the standard orientation of axes. Usually, but not aways, thisis the one with superscript 1
on the Schoenfliessymbol. In the case of monoclinicgroups (2 - C2, m- Csor 2/m -
C2h), the first setting (unique axisparalel to c) is standard: thisis different from the
standard for settings of monocliniccrystalsin the Title/Axesdialog inthe Inputl menu,
but when you select the point group the unique anglewill be appliedto the proper axes.
For group mmz2 - C2v the 2-fold axisisparallel to c. For groups with 3-, 4- or 6-fold
axes, the unique axisisc, but there may be aternate orientations at 30 or 45 degreesfrom
one another: seethe Space group option for the standards and how to accessthe
alternate orientations using space-group operations.

3.2.2.2.5 Cartesian Symmetry
Dialog Box: Symmetry - Cartesian Matrices [ Symmetry Dialod

This symmetry option, for point symmetry only, assumesthat Cartesianaxes are in use,
although it will work in any structure with axes at right angles. It is the only option
applicableto non- crystal Iographlcsymmetry, and it can be used if desired in any other
case. However, itis usually easier to use one of the other options for crystallographic
symmetry, with the possible exception of trigonal and hexagonal molecules if the given
coordinates are on Cartesian axes.

This option requires afile containing the Cartesian symmetry matrices. The auxiliary
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program SY MGRP writes fileswhich are normally given the suffix.SY M. If you type the
nameinto the edit box, givethefull name of the symmetry file,includingthe.SYM suffix.
Some such files, namely those for pentagonal (C5, S10, D5, C5v, C5h, D5h and D5d)
and icosahedra (I and Ih) point groups, have aready been provided. For other point
groups, it will be necessary to run the auxilliaryprogram SY MGRP to generate the file

before running ATOMS; see section V-7 of the Instructions.

The Get Symmetry button reads the fileand fillsout the symbol, number of matrices and
centric/non-centric state, which are printed out below the file name.

The filename as entered in the edit box is saved in the data filefor the structure. If the
complete path is not given, the Cartesian symmetry fileshould be in the same directory as
the datafile. If the filecannot be found when the structure is calculated, you will get an
error message and a chance to locate the filewith a standard filedialog. The complete
path name, as determined in thisway or with the Browse button, will then be saved in the
datafile.

3.2.2.2.6 Symmetry - Custom
Dialog Box: Symmetry - Custom [ Symmetry Dialod

ATOMS can access al the standard orientations for space groups in the International
Tables but there are still afew possibilitiesfor aternate settings of symmetry elements
with respect to structure axes whichare not listedin the Tables. In some cases
displacement, rotation or permutation of atomic coordinates may not be convenient, and
it may be easier to enter the symmetry operations for the non-standard setting. These are
sometimesgiven in reports on structures (e.g. Wyckoff, Crystal Structures). Note
however that often only the operations for special positions are given: ATOMS needs al
the operations for the general position.

The Symbol isfor your referenceonly - itisnot used by ATOMS, unlessyou click the
Get Symbol button (below).

Get Symbol. Thisbutton will attempt to identify the space group from the operations,
the lattice type and the centric/acentric setting. If the operations contain an inversion
center or lattice centerings, they should be identifiedand can be removed at your option.

If you specify centric, rather than acentric, you must enter only half of the symmetry
operations, related to any others by the center. The two sets or halvesof the operations
related by the center will have opposite signson the x, y and z coordinates.

The Bravais lattice typeisinmost cases the capital letter which begins the space-group
symbol. However, ATOMS uses asomewhat different convention from the standard for
trigonal crystals: if you are using hexagonal axes for a rhombohedral crystal (whose

standard space group symbol will alwaysbeginwith "R"), enter "R" - if you are using
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the primitiverhombohedral axes, enter "P'. Enter "P' for a molecule.

If the group is monoclinic, you should specify whichis the Unique axis Thisis normally
cfor amoleculeand b for acrystal. Theangle specifiedinthe Title/Axesdialog will then
be applied correctly, the other two interaxial angles being set to 90 degrees.

In the Oper ations group, you must enter all the "symmetry operations' for the most
general position in the structure. Click on the Add Operation button to add an operator,
or Deleteto remove an operator. The operation which isselected inthe Operations list
box isavailablefor editingin the box to the right. Note that earlier versionsof ATOMS
allowed several operations per ling; currently, there should be only one operation per line.
Semicolons at the end of each operation (line) are optional.

It isassumed in the following that you will be using data listed inthe Inter national
Tables, but thisisonly for purposes of illustration; if you findit necessary to enter the
operations through this dialog, you will very likely be using data from another source.
Reports on crystal structures, especially older ones, often list the relevant operations in
the sameformat as the Tables

In the Tables, the "Co-ordinates of equivalent positions' can be regarded as operations
(or at least the operations can be easily derived from them). These coordinates occupy
the middle of the pagein each space-group entry in the Tables, and the general positionis
the uppermost group. The genera position has the point symmetry 1, and the list of
operations for this position always beginswith "x,y,z;". Theindividual operations are
separated inthe Tables by semicolons.

Copy these operations, includingthe commas (semicolons optional), one per line. They
are entered just as given in the Tables, except that a negative sign, indicated by a small
bar over the letter in the Tables, must be indicated with aminussign infront of the letter.
The first operation, "x,y,z;" ispresent in all symmetry groups and must alwaysbe entered.
Ignore the trandations for non-primitivelattices (e.g. 0,0,0; 1/2,1/2,1/2) which may be
listed in the Tables above the operations; these are taken care of if you enter the proper
Bravais|attice symbol. Some older structure reports may include | attice-centering inthe
equivalent positions.

Important: if you have specified a centric space group with origin on the center of
inversion, you should omit half the operations, which are related to the other half by the
center (opposite signsfor X, y and z coordinates). If you have difficulty making this
separation, you can specify non-centric and enter al the operations. The Get Symbol
button should detect acenter of inversionon the origin, and remove it if desired.
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3.2.2.3 Boundary Option
Dialog Box: Boundary Option [ Inputl Menu]

For crystals and polymers, some limitationsmust be appliedto the repetition of atoms by
means of the lattice trandations. Ten choices are available, as listed below. Note that the
first three are not usually applicableto molecules, whilethefourth, No Boundaries, is
not applicableto crystals. There isan additional boundary option and operating mode,
Input atoms = generated atoms, which isonly accessibleby choosing

Generated to Input in the Transform menu.

Options applied to individual atoms:

Default Unit Cell - Offersfivesub-options to outline avolume with the samefacesas
the unit cell.

Enter Forms - Usespecified crystal facesfor the boundaries.

Slice - Isolate adlab of the structure parallel to agiven face, with thickness equal to the
d-spacing (or multiplethereof).

No Boundaries (molecule) - Useno boundariesat all. Thisoptionis primarily for a
singlemoleculenot inacrysta structure, not isolation of moleculesin acrystal structure
(see below).

Tranglation Limits (polymer) - Useintegral numbers of unit cells.

Sphere - Includeall atoms within a given distance of agiven point (or atom).

The Unit Cell and Slice options alwaysuse lattice trandationsin all three axis directions,
and the No Boundaries option never uses lattice trandations. The Trandation Limits
option, primarily intended for polymers, allows you to specify which axis directions use
lattice trandations. The Enter Forms option also allows disablingof any of the lattice
trandations.

Options applied to groups of atoms (molecules) in crystals.

In al these options, molecules or other bonded groups within the unit cell are located,
and the center point of each group is found by taking anon-weighted average of the
atomic positions. Then the selected boundary method isapplied to these molecular
centers.
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Atoms withinmolecules or groups must be connected by Bondsor Polyhedra, and there
must be no standard bonds or polyhedra connecting atoms of different molecules.
However, bonds can be specified as inter-molecul ar, so that they will not be used in the
molecule-locating algorithm but will be displayed.

Note that these options are not applicableto 1- and 2-dimensionally continuous groups
(polymers) - bonding must be discontinuous in all three lattice directions. In order to
isolate polymers, it is necessary to first use one of the six options above, then click on an
atom in the polymer and use the Find button in the Generated Atom Data dialog, or use

the Locate Groups option in the Transform menu. See
Dealing with Molecules, Groups and Fragments for more information about handling

groups of atoms.

Unit Cells - Molecules- Thiswill findany and all symmetry-unique bonded groups, and
can also show groups in additional unit cells. Thisoption starts with a seed atom inside
the unit cell and findsall atoms bonded to it including those outside the central unit cell -
thus the bulk of a molecule may be outside the unit cell.

The other options below are actually identical to the options of the same name above,
except that they are appliedto the centers of moleculesinstead of individual atoms. The
center, whichis the average of all atomsin the molecule, isaways withinthe given
boundaries (thisis not guaranteed in the Unit Cells- Molecules option).

Enter Forms - Molecules - Use specified crystal faces for the boundaries.

Slice- Molecules - Isolate adab of the structure parallel to agiven face, with thickness
equal to the d-spacing (or multiplethereof).

Sphere - Molecules - Includeall molecules withina givendistance of a givenpoint (or
atom).
3.2.2.3.1 Boundary - Unit Cell

Dialog Box: Boundary - Unit Cell [ Boundary Diaog]

Thisoption (not intended for molecules) locates the faces of the unit cell, at various
choicesof centra distance.

Each of the sub-options may be chosen as the Default, which isthe boundary option
used when importing afile (Import File command inthe File menu).

Y ou can choose either the primitiveor Bravaiscell if thelattice is non-primitive. If the
Bravais|attice isprimitive, or if you elect not to use the primitivecell, the faceswill be
(100), (010) and (001) and their negatives. If you choose to show the primitiveunit cell
for non-primitivelattices, the faceswill be {110} and {001} for aC-cdll, etc.
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The central distances for the faces depend on which Sub option is chosen. The centrad
distance isthe perpendicular distance from the faceto the center of the crystal.

If you choose the -0.5 to 0.5 cell contents sub-option, thefacesare at central distances
of 0.5009 of the dimensionsof the unit cell if the h index ispositive, or 0.499 if negative;
if hiszero, kisused; and if k iszero, | isused. Thus the volume enclosed isessentialy
that of the unit cell, with the origin at the center. Thisistheonly option whichgivesthe
correct number of atoms for one unit cell.

The 0.0 to 1.0 inclusive sub-option gives you faces at the full d-spacing for positive
indices, and zero for negative indices, plus asmall increment inboth cases. Thus the
"unit cell" in this case includesatoms with fractional coordinates 0.0 to 1.0 inclusive.

The 0.0 to 1.0 plus bonds sub-option adds to the central distances of the preceeding sub-
option the largest bond distance or coordination distance entered in bond and/or
polyhedron input. Thisallows for completion of the coordination of al atoms in the unit
cell. Note that atoms may be included whichare not considered to be coordinated to the
atoms inthe cell, and that the distances used are the limitsentered in the bond and
polyhedron dialogs, not the actual bond distances.

The -1 to 1 inclusive sub-option givesfaces at thefull d-spacing, plus asmall increment,
for both positive and negative indices. Whileall the previous options give one unit cell or
somewhat more, this option giveseight unit cellsand somewhat more. Using this option
insuresthat at least one complete molecule, or any other non-polymerized unit, will be
included.

The Central Distance sub-option sets all the faces of the unit cell at the given centra
distance. Atoms"on" thefacesare included.

The Get Facesbutton will calculate d-spacingsand list the faces.

A singleunit cell will not necessarily includea complete molecule or polymer; see the
L ocate Groups command inthe Transform menu for information on isolating groups.

If you select this boundary option, you can later switch to the Enter Forms option; this
preserves the formsand the symmetry (i.e. no symmetry for the faces).

Note that the Translation Limitsoption, with all limitsset to zero, will include atoms with
fractional coordinates 0.0 to 0.99999, or in other words the same volume as sub-option -
0.5t0 0.5 cell contents, but displaced by half a unit cell on all axes.
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3.2.2.3.2 Boundary - Enter Forms
Dialog Box: Boundary - Enter Forms [ Boundary Dialog]

This dialog may apply either to individual atoms, or to molecules(in which case the
diaogtitle will be Enter Forms - Molecules). Inthelatter case, bonded groups in the
unit cell will be identified and the center of each taken as the non-weighted average of

atomic positions. Then the boundaries will be determined with respect to the molecular
centers.

Withthis option, the most powerful of the boundary options, you can set the boundaries
of acrystal structure to be any rational faces consistent with the axial system definedin
the Title/Axesdiaog. Y ou do not need to enter every individual face; you can enter any
one of the faces of a form (symmetry-equivalentset), and the remainder will be supplied
by symmetry. Y ou can use the full symmetry of the crystal class (point group), but you
may also elect to use a lower symmetry (center of inversiononly, or no symmetry at all)
to have more flexibilityin the volume defined.

The Revise or Add For ms buttons call up the Add/Revise Formdialog for actual entry
of indicesand central distance.

The Use individual atom distances option allows the boundary surfaces to be non-
planar with respect to the centers of the atoms. If you use this option, the actual central
distancesfor each boundary form are then entered (actually revised) duringinput for each
atom (Revise Atom: Central Distance Tab). However, the distance entered for eachform
inthisdialogis still necessary - it will be used: 1) Asthe default distance for the boundary
facesfor each atom. You will need to revise the actual boundary face distancesfor each
form during atom input. 2) Asthe default for display of the crystal edges. The display
formscan be given new distancesor changed completely with the

Crystal Forms for Display dialog inthe Inputl menu. 3) For the initial boundary search
limitswhilelocating atoms. The distance entered here in the boundary option should
therefore not betoo different from the distances for individual atoms to be entered inthe
Revise Atom: Central Distance Tabin the Inputl dialog.

Individual atom distances are not used inthe Enter Forms - Molecul es option.

There isamaximum of six forms(not faces) if you choose individual atom boundary
distances.

Y ou can disablelattice trandation on any of the structure axes, if you wish to use this
option to draw amolecule or polymer. Although it is generally smpler to use the
Trandation Limitsoption for polymers, you can use the Enter Formsoption to show
more diverse shapesfor a two-dimensional polymer. For examplewith appropriate
choice of facesyou can give the sheet a hexagona shape, whilethe Trandation Limits
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option will always give a parallelogram shape.

Y ou can use this option for moleculesto isolate a section, slab, or any convex polyhedral
volume. To prevent the repetition of the structure by trandation, you must disableall the
lattice trandations. It isnot necessary to specify enough facesto defineaclosed
polyhedron, although you will get warning messagesduring calculationif you do not. For
example, to effectively dicethrough the middle of a moleculeand just view the back half,
giveonly the"face" (100) at central distance 0.0 (set the face symmetry to No
symmetry).

Hint : specifyinga center of symmetry for boundary faces, and the smpleforms (100),
(010) and (001) at central distancesof about 10 Angstromswill usualy give 500-700
atoms for typical inorganic crystal structures. Central distances of about 7 Angstroms
usually gives about 300 atoms. Numbersare usually smaller for organic crystals.

3.2.2.3.3 Add/Revise Form

Dialog Box: Add/Revise Form [ Crystal Formsfor Display Dialod [ Boundary -
Enter Forms Dialog]

The central distance isthe perpendicular distance, in Angstroms, from the center of the
structure to the faces of the form in question: the greater the distance, the greater the
number of atoms whichwill be included. Also, if there are many forms, the greater the
distance the less prominent the form (the smaller the area of the faces). Decimal values
may be used for the central distance, but not for theindices. Use the Next Form button
to add a form.

Keep in mind that there may be aterate orientations of symmetry elements with respect to
structure axes, and the indicesof faces ina standard morphological setting may be
different from those in the setting of a particular space group. See section V-5 for
further detailsof variant orientations.

Y ou can use hegative central distancesto definearegion whichdoes not includethe
origin. For example, if you want to display the part of the structure fromy =0.25toy =
0.75 in an orthorhombic crystal with b =10.0, enter the face (010) at distance7.5
Angstroms and the face (0-10) at distance -2.5 Angstroms. If the crystal axes are not
orthogonal, you should use fractions of the d-spacing for central distances, not axis
lengths. The Enter Forms and Default Unit Cell boundary options list d-spacings of the
forms, uncorrected for systematic absences; the Slice boundary option will give a d-
spacing corrected for systematic absences.

For hexagonal and trigonal crystals with hexagonal axes, four indices, (hkil), are
commmonly used, but one of thefirst three is redundant. In ATOMS, you must omit the
third, or i index.
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3.2.2.3.4 Boundary - Slice
Dialog Box: Boundary - Slice [ Boundary Dialog]

This dialog may apply either to individual atoms, or to molecules(in which case the
diaogtitle will be Slice - Molecules). Inthelatter case, bonded groups in the unit cell
will be identifiedand the center of each taken as the non-weighted average of atomic
positions. Then the boundaries will be determined with respect to the molecular centers.

This givesa section of acrystal structure parallel to agiven face, with the thickness of the
X-ray d-spacing, or a multiplethereof. Such a "dlice" isintended primarilyto represent a
growth layer, but is often useful for illustrating special structural features.

In addition to theindicesof the face, you need to specify several other things. An
Alignment vector isalso necessary - when the calculation iscomplete, the slicewill be
lyingin the plane of the screen or paper and this vector will be vertical (parallelto z). The
vector must lieinthe dlice: avector [uvw] lyingin aface (hkl) satisfiesthe condition hu+
kv + lw = 0. If the default alignment vector ischosen, the alignment vector will be taken
as the intersection of the face (hkl) with the face (100), whose indicesare given by the
vector cross product (hkl)x(100). If the sliceface (hkl) is(100), the alignment vector will
be taken asitsintersection with (010), which isthe vector [001].

Y ou must also specify the Height and Width of the dlice, parallel and perpendicular to
the alignment vector.

The location of the dicewithinthe crystal structure must also be specifiedin terms of the
Offset from the origin. One can specify different offsets, or boundary locations, for each
atom (set of symmetry equivalent atoms) in casethe dliceis not considered to be strictly
planar (see below). The Thickness of the sliceisa fraction of the d-spacing: in most
casesit should be 1.0.

Atoms lyingexactly on the "upper" boundary - (the faceto which thediceis defined to
be parallel) are excluded from the slice, whereas atoms lying exactly on the "lower"
boundary (the facewith indices negative to the "upper" face) areincluded.

The Use individual atom offsets checkbox allowsthe boundary surfaceto be non-planar
with respect to the centers of the atoms. If you use this option, you should revisethe
offsets for the forms during atom input - the overall offset entered in this section sets the
default values. It isalso used as the default for display of edges of the slice (the display
formscan be changed inthe Crystal Formsfor Display dialog), and to determine
preliminary unit-cell search limitsfor atoms during the calculation; thus this overall offset
and the offsets for individua atoms should not differ too much.

Systematic absences can be used to take account of d-spacingswhich area submultiple
of those obtained solely from the cell parameters because of non-primitivelattices, screw
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axes or glide planes. The subdivision of the central distance for eachform is done when
the d-spacing iscalculated, after OK is clicked; to see the d-spacing valuesyou must re-
select the dialog. You cannot manuallyedit or add absencesasin pre-V4.0 ATOMS.
The Custom symmetry option does not contain information on systematic absences - if
you want to use systematic absences, you should switch to the Space Group symmetry
option.

Slice Dimensions

._ Farallel to {hkl}, in Side
= plane af screen or = wigw =
g - paper = -
— =
= @ Offset  — S
Ej Crigin
2
Wiidth Thickness

3.2.2.3.5 Boundary - None
Dialog Box: Boundary - None [ Boundary Dialog]

No boundaries whatever are used if this option is chosen, nor are any trandations
applied. That is, the atoms in the moleculeare just those, and all of those, generated by
the point-group symmetry specified (or theinput atoms only, if there is no symmetry).

Thisboundary option is primarily for the case in whichyou already have absolute
coordinates of a singlemolecule. To draw a singlemoleculewhichisin acrystal, using
fractional coordinates and other data for the crystal, use one of the Moleculesin Crystal
optionsinthe Boundary dialog, or use the Default Unit Cell, Enter Forms or

Trandlation Limitsboundary option to generate a volumelarge enough to includethe
molecule or other group, then use the Find button in the Generated Atom Data dialog
(which appears when you click on an atom) or the Locate Groups dialog inthe File menu
to isolate the moleculeor group. Also, you can use the Enter Forms boundary option to
use pseudo-crystal faces to isolatepart of amolecule - seethe last paragraph of that
section.

© 2002 Shape Software



ATOMS Menus and Dialogs 81

3.2.2.3.6 Boundary - Translation Limits
Dialog Box: Boundary - Trandation Limits [ Boundary Dialog]

In this option, the contents of the central unit cell plusothers within specified limitsare
accepted. The central or "zero" unit cell contains atomswith fractional coordinates

0.00000 to 0.99999. Thelower limit to unit-cell transationsis normally zero or negative
and the upper limitisnormally zero or positive. Disablingthetrandation entirely for an
axisisequivalent to setting the limitsat zero. Thetrandations belong to the Bravais

lattice, not the primitivelattice.

Asan example of applicationto acrystal, putting the lower limitat -1 and the upper limit
at O for all axesresultsin a box with the shape of the Bravais unit cell, centered on the
origin and containing eight unit cells. Note that the "zero" unit cell, containing atoms with
fractional coordinates 0.0 to 0.99999, extendsin the positive directions of the axes.

Thisisthe primary option for one-dimensional polymers. It is also the smplest option for
two-dimensional polymers, but the shape of the resulting sheet islimited to the shape of
the unit cell, dwaysaparalelepiped. You canuse the Enter Forms option to givea
different shape to shests.

3.2.2.3.7 Boundary - Sphere
Dialog Box: Boundary - Sphere [ Boundary Dialog]

This dialog may apply either to individual atoms, or to molecules(in which case the
dialogtitle will be Slice - Molecules ). In the latter case, bonded groups in the unit cell
will be identifiedand the center of each taken as the non-weighted average of atomic
positions. Then the boundary will be determined with respect to the molecular centers.

This option isprimarily designed to isolate a coordination sphere around agiven atom,
although the center of the sphere can be at an arbitrary location instructure coordinates.

If you check the Specify structure coordinates radio button, you must enter the
coordinates inthe x, y, z edit boxes below. If you check Input atom number , enter only

the input atom number in the edit box to the right. Then clickingthe Get Coor ds. button
will fill out the coordinates (as will clicking OK).

If the structure is amolecule or polymer you should uncheck the appropriate lattice
tranlation(s), i.e. for amolecule uncheck all three.
3.2.2.3.8 Boundary - Locate Molecules in Crystal

Dialog Box: Boundary - Unit Cells- Molecules (L ocate Moleculesin Crystal) [
Boundary Dialog]
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This option will locate all symmetry-uniquebonded groups, or all bonded groups, within
an integral number of unit cells. The central-ligand bonds in Polyhedra are used as well
asthe standard Bonds. Like the Locate Groups option (Transform menu), this boundary
option starts with a seed atom, inthis case the firstinput atom, which iswithin the zero
or central unit cell (fractional coordinates 0.0 to 0.9999) and then findsall others
involved. If the first moleculefound in thisway does not includeall input atoms, the
excluded input atoms arein turn used as seed atoms, until al are located. Analert
informsyou if there ismore than one molecule or group. Whilethe seed atoms are
alwaysin the central unit cell, any other atoms may be inadjacent unit cells.

If the number of atoms located exceedsthe number in the unit cell the procedure is
aborted. Insucha casethereis presumably continuous bonding.

Y ou canlocate all moleculesin the unit cell, or only symmetry-uniqueones. You can
also show the moleculesinmultiple unit cells. In thisoption, the boundaries of unit cells
are awaysthe planesat fractiona coordinates 0.0, 1.0, etc. To have more control over
boundaries you can use the Enter Forms - Molecules boundary option. Note that that
option findsthe center of each molecule (unweighted average of atom locations), and
then places moleculeswithin boundary faces according to that center location, whereas
this option does not findthe center of each molecule, and molecules may be placed
"inside” the unit cell evenif only one atom (the seed atom) is actually inside the cell.

After initial isolation of the molecules, it may be desirableto use the Generated to | nput
conversion (Transform menu). Thiswill simply makea list of the atoms located, whichis
saved in the datafile, and will in the future avoid the molecule-locating algorithm, which
can be time-consuming.

Do not use thisoption to isolate two- and three-dimensional polymer units. Instead, use
some other boundary option to generate avolumewhich you know includesa sufficiently
large number of polymer units. Then use the Locate Groups option in the Transform
menu - this option alows the specification of particular seed atoms. The Locate Groups
option isalso appropriate if there are isolated moleculesas well as a continuously bonded
framework, or polymers. See also Dealing with Molecules, Groups and Fragments.

Thisisa possibledefault boundary option for importing crystal-data files, with certain
exceptions (PDB, CCDC-FDAT, VIBRAT). If itisalowed, the initial dialog for that
import filetypewill give a choice between Locate Moleculesin Crystal and

Default Unit Cell. Of course the boundary option can be changed after the import fileis
read in.

In the case of CCDC FDAT files, the "molecul€" option does not use this boundary
option, rather it usesdata on moleculeswhich isalready present in the file.
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3.2.2.4  Crystal Forms for Display
Dialog Box: Crystal Formsfor Display [ Inputl Menu]

With this option you can display an external crystal shape which isnot the same as the
boundary facesfor locating atoms. Y ou can even show acrystal shape for structuresin
which the boundary option is No Boundaries or Trandlation Limits

This dialog controls the generation of the faces, corners and edges which make up the
display shape; the Crystal Edges dialog inthe Input2 menu controls colors and other
display aspects of the crystal edges - of course it isonly the edges which are actually
shown.

By default, the display shape isthe same as the boundary shape for boundary options
Default Unit Cell, Enter Forms and Slice, and there isno display shape for options
No Boundaries, Translation Limitsand Sphere. If you choose to change the display
shape, or to show one where no crystal formsare used as boundaries, the input and
revision thereof are similar to those for input of boundary crystal formsin the

Enter Forms boundary option, through the Add/Revise Form dialog

For the non-3D display modes of ATOMS, the edges demarking the external crysta
shape should be outside the atomic structure. As discussed in Drawing Crystal and Unit-
cell Edges, an external crystal shape whichliesinside or interpenetrates with the atomic
structure will in many cases be drawn incorrectly. Inthe 3D mode, interpentration
relations are drawn correctly.

Although this option isprimarily intended for the Default Unit Cell and Enter Forms
boundary options, it can also be used for moleculesand polymers.

Note that you may haveto change the Display radio buttonsin the Crystal Edgesdialog
in the Input2 menu, to alow the crystal shape to be displayed.

Using display faces with Cartesian symmetry input. The symmetry option

Cartesian matricesis intended primarily for molecules with non-crystallographic
symmetry. However, it can be used with "crystal” faces with certain restrictions. Y ou
must use Cartesian face coefficientsor inverse intercepts, and if some of these "indices"
or the symmetry equivalentsthereof are irrational they must be converted to large
integers. For example, the face (100) in atrigonal or hexagonal crystal would also have
coefficients1,0,0 in a Cartesian systemwith y=b (or a2), but some of the symmetry
equivaentsof thisface, such as (-110) and (0-10) would haveirrational coefficients. If
you enter 20000,0,0 as the "indices’ of the form, then when the indicesare multipliedby
the Cartesian symmetry matrices the result will be large integral indicesfor the symmetry
equivaents. If you enter 1,0,0, the results would be fractions, which would be incorrectly
truncated or rounded off either to O or 1. Asanother example, an icosahedron may be
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drawn in either of theicosahedral groups | or 1h by giving theform indices 0,0,20000; the
indices0,0,1 would not work because many of the 19 faces equivalent to this one have
irrational indices.

Using integers with up to four or fivedigits (99,999) gives adequate precision for the
calculationsinvolved in determiningthe external crystal shape.

3.2.25 Atoms (Input)
Dialog Box: Atoms [ Inputl Menu]

Y ou can choose to enter each atom interactively,or ATOMS can read some or all of the
atom parameters from atext file, supplying defaultsfor the atom types, radii and display
colorsif desired. You cantypeinthe nameof thisinput file, or browse to open the file.
The filemust contain certain linesspecifyingthe which parameters are to be read inand
whichset to default values (see Atom Parameter Filesfor specifications).

If you do not use afile, use the Revise or Add Atoms buttons to accessthe Revise Atom
dialog. You canaso double click on any lineto revise that atom.

To calculate bond distances and angles, for use in the bond and polyhedrainput or just
for general information, use the Coordination button. It isnot necessary to have
calculated the structure to use thisoption, or evento have selected the boundary option,
but you must have entered the correct structure axes or unit cell and symmetry.

The Vectors dialog calledup by the Vector s button is for specification of general
properties of atomic vectors, for use indisplayingmagnetic symmetry or vibrational
modes. The vectors for the individual input atoms are specifiedin the Revise Atom
dialog.

The T. Factorsbutton is for adding or deleting temperature factorsto or from all atoms.
To view or modify temperature factors for individual atoms, select that atom to call up
the Revise Atom dialog, and select the Temperature Factors tab in that dialog.

Solid Solutions. There is no provision inATOMS for directly showing solid solutions as
fractional atoms. However, it ispossible to use the Randomize option in the Atoms -
Global dialoginthe Inputl Menuto change the colors or other properties of selected
groups of atoms on arandom basis. Of course, it isalso possible to modify individual
generated atoms manually, after execising the Generated to Input option in the
Transform Menu.

3.2.2.5.1 Coordination of Atoms
Dialog Box: Coordination of Atoms [ Revise Atom Dialog]
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This controls computation of the list of bond or interatomic distances and angles centered
on one or al of the input atoms. The radio buttons determine whether distances and
angles are computed for al input atomsor only the one currently selected inthe

Input Atoms dialog.

Only 32 atoms in addition to the central atom are allowed ineach coordination sphere, so
the distance limit for central-ligand should normally not be more than about 4
Angstroms. Angles areonly calculated for ligand pairs at lessthen the ligand-ligand
limit; if you want to determine anglesfor atoms on opposite sidesof the central atom, the
ligand-ligandlimit should be twice the central-ligand limit.

The results of the distance and angle calculationsare written to afilecalled
BONDS.ATD, inthe homedirectory (see File Types, and then shown in aText window
(see Types of Windows). In order for this Text window to operate properly, ATOMS
exitsfrom the Input Atoms dialog fromwhich the Coor dination dialog was originaly
caled.

From this Text window, return to the Graphics window and the ordinary operating mode
of ATOMS with the Window menu.

3.2.2.5.2 Revise Atom, Temperature Factor Tab
Dialog Box: Revise Atom: Temperature FactorsTab [ Input Atoms Dialog]
See the Basic Tab for most normal aspect of individual input atoms, the Central Distance

and Slice Offsettabs for adjusting boundaries for individual atoms, and the Vector Tab
for atomic vectors for magnetic moments or vibrational displacements.

The temperature factor type, according to ORTEP, must be selected with the radio
buttons. The most common types are O for anisotropic beta; 6 for isotropic B; 7 for a
sphere of constant radius, 8 for anisotropic u, and 10 for isotropic U (not astandard
ORTEP type).

The instructions and help for some releases of pre-V5.0 ATOMS may beincorrect in
stating that type 7 indicatesisotropic U. Actually, type 7 should be a sphere of arbitrary
radius. Importing fileswith isotropic U may in some cases have incorrectly assigned type
7 to these atoms (although in most cases these should have been converted to isotropic
B). Thuswhen ATOMS reads a pre-V5.0.STR filewith type 7 temperature factors, you
will be asked if you want to changethese to type 10.

|sotropic values are entered in the first box; if the second or b22/U22 valueis zero, the
atom will be considered to be isotropic.
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3.2.2.5.3 Revise Atom, Slice Offset Tab
Dialog Box: Revise Atom: Slice Offset Tab [ Input Atoms Dialog]

See the Basic Tab for most normal aspect of individual input atoms, the
Temperature Factor Tab for modification or entry of temperature factors, the
Central Distancetab for adjusting boundaries for individual atomsin the Enter Forms
boundary option, and the VVector Tab for atomic vectors for magnetic moments or
vibrational displacements.

This appliesonly to the Slice boundary option.

The default value isthe offset entered inthe Slice boundary option.

3.2.2.5.4 Revise Atom, Vector Tab
Dialog Box: Revise Atom: Vector Tab [ Input Atoms Dialog]
Seethe Basic Tab for most normal aspect of individual input atoms, the

Temperature Factor Tab for modification or entry of temperature factors, and the
Central Distance and Slice Offset tabs for adjusting boundaries for individual atoms.

Atom vectors, for magnetic spin direction or atomic displacementsin vibrational modes,
are specifiedinthe crystal or structure coordinate system. The lengthis specified
independently from the vector giving the orientation.

Vectors are drawn by adding pseudo-atoms to the list of generated atoms, and adding
pseudo-bonds between these pseudo-atoms and the real atom to whichthe vector is
attached. Thusif the length or orientation are changed the structure must be
recalculated, rather than just replotted. Also, sincethe lengthis computed as the visible
cylindrical part of the vector, if you change atomic radii the vector lengths will change
unlessthe structure isrecalcul ated.

3.2.2.5.5 Revise Atom, Central Distances Tab
Dialog Box: Revise Atom: Central Distance Tab [ Input Atoms Dialog]

See the Basic Tab for most normal aspect of individual input atoms, the
Temperature Factor Tab for modification or entry of temperature factors, the
Slice Offset tab for adjusting boundaries for individual atomsin the Slice boundary
option, and the Vector Tab for atomic vectors for magnetic momentsor vibrational
displacements.

Thistab specifiescentral distances for an individual atom in the Enter Forms boundary
option.
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Only six forms are allowed. The default values are the central distances entered in the
option Enter Forms boundary option.

3.2.2.5.6 Revise Atom, Basic Tab
Dialog Box: Revise Atom: Basic Tab [ Input Atoms Dialog]

See the Temperature Factor Tab for modification or entry of temperature factors, the
Central Distance and Slice Offset tabs for adjusting boundaries for individual atoms, and
the Vector Tab for atomic vectors for magnetic momentsor vibrational displacements.

Label. Each atom may be assigned alabel of up to 6 characters. LabelsinATOMS may
not contain any embedded blanks. Any embedded blanksor leading blanks inlabelswill
be converted to underscores. Trailingblanks will be stripped.

Fractional coordinates. For crystals, the x, y and z coordinates should bein fractions
of the unit cell. However, if you are drawing a molecule and have chosen unit Cartesian
reference axes, the coordinates should bein Angstroms.

Type. The atom type isused when locating bonds and polyhedra; it is usually expedient
to enter the sametype for al atomswhich are bonded similarly(e.g. all carbons, all
silicons, al six-coordinated cations, all oxygens, etc.) to save effort in definingbonds and
polyhedra. The atomic number can usually be used for the type, although there are
situations inwhich different type numbersshould be used for the same element (see
Polyhedra). For diffraction calculations (Powder, Precession) the type number must be
the atomic number, or anumber which gives an entry to the scattering factor table,
modulo 100. That is, type numbers 6, 106, 206, 306 etc. will be read as atomic number 6
(carbon). Thusitisrecommended that whenever possibletype numbers be the atomic
number, with added 100'sif necessary to differentiatebonds and polyhedra.

Radius. Each atom will be represented by a sphere of thisradius, unlessit isinvolvedin a
polyhedron defined in the polyhedra input. If an atom is given radius 0.0, it will never be
plotted as a sphere and will only appear (as a corner) ifit isinvolvedasligandina

compl ete coordination polyhedron. Bonds to such atoms will not be plotted unlessthe
atoms areligandsin polyhedra. Thusif you want to show only polyhedraand never the
individual atoms, giveradii of 0.0 to all the atomswhich may be involved, either as
central atoms or as ligands. Even if you use positiveradii for the atoms, you can switch
off display of the atomsin incomplete polyhedrawith a checkbox in the Polyhedra dialog
(Inputl menu). However, using aradius of 0.0 omits calculationof bonds to atoms in
incompl ete polyhedra, which canimprove computation timeand conserve memory.

If you do not want to show an atom at all, but want to show the bonds to the atom, that
isdraw awire-framemodel, enter a negative number for the radius. The absolute value
of the radius can still be used in the Generate Bonds from Atomic Radii option. If atoms
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with negative radii are involved in polyhedra, they will be treated in the same way as
atoms with positiveradii.

For ball-and-stick drawings of typical structures, radii of about half theionic or covalent
radii usually work well. For space-fillingor interpenetration the covalent radii can be
multipliedby anumber larger than one. All radii can be changed simultaneously by a
given factor with the Atoms - Global dialog inthe Inputl menu.

Colors and patter ng/shades. Each atom always hasa rim and afill, the colors for which
are specified independently. Rimsare turned on and off, and their widths are set, inthe
Line Widthsdialog inthe Input2 menu. Shading appliesonly tofills. See

Input Col ors/Patterns/Pens for general aspects of input.

If you have checked the Use individual atom distances box in the boundary option
Enter Forms, or the Use individual atom offsets box in the boundary option Slice, you
should use the Set Boundary Forms button (Central Distances for Individual Atom or
Slice Offsets for Individual Atomdiaogs) to correct the central distance or offset for
each form, up to six forms for distances. These distancesor offsetsare the ones whichare
actually used for the boundaries, but the central distances or offsets entered for each form
in the boundary option are used for display of crystal shape and to set up the initial search
intervals, so the individual distances or offsets should not betoo different.

Shubnikov. Thischeckbox determineswhether the equivalentsof this particular input
atom show vectors or other Shubnikov indicators (+ or -). Set the orientation of atomic
vectors in the Vector Tab, and set the overall properties of vectors in the Vector diaog,
called from the Input1 menu or the Input Atoms dialog.

Protein. Thisonly appliesto structure input from Protein Data Bank files. It callsup a
dialog (Protein) which givesprotein specificinformation about the atom.

LineWidth. If the Use individual box for atoms in the Line Widthsdialog (I nput2
menu) is checked, the width specified here will be used, rather than the overall valuein
the Line Widthsdialog.

Hachur e patter ns are macroscopic patterns of lineswhichmay be drawn within the
outlinesof atoms. These are useful for black-and-white output in situations where
shading patterns are not reproduced very well, or amore definitepattern differentiationis
desirable. The patterns are ssimply drawn in 2 dimensionsand do not vary with attitude of
the surface likethe hachure patterns for Polyhedra

Hachure patterns are not used in the 3D mode, and this entire section is not applicableto
3D display/output.

The Spacing is the distance between lines, in Angstroms. The colors/shades of the
patterns are same as those selected for the outlinesor edges (above), and the widthsare
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also as selected (above) for each individual atom type, or as selected overal in the
Line Widthsdialog (Input2 menu).

If the Use shade box ischecked, the gray shade selected inthis dialog will also be applied
asfill,in addition to the pattern, inblack-and-white non-shaded output. Thischoice
overridesthe Use initial patternsbox in the Shading dialog (Input2 menu). Shading, as
selected in the Shading dialog (Input2 menu) is applied independently of hachure
patterns, and it is possibleto have both, either in color or black and white. In color
display and output, the fill color (above) isalways used.

3.2.2.6 Polyhedra
Dialog Box: Polyhedra [ Inputl Menu]
Thisliststhe current polyhedra. Click on individual items in thelist, then on the buttons

to add, modify or delete polyhedra. The Revise and Add Polyhedra buttons call up the
Polyhedron Data dialog.

To calculate bond distances and angles, for use in bond and polyhedrainput, use the
Coordination button in the Input Atoms dialog.

If the Show back edges dashed box is checked, the invisibleback edges of polyhedra
will be drawn as dashed lines - the dash parameters are set inthe Crystal Edges dialog.
Polyhedraare still opague. This appliesto unshaded polyhedra only.

The possibilitiesfor showing polyhedraare diverse, depending on the display mode. It
may be necessary to select settingsin the 3D Polyhedra dialog and also the

Ellipsoid Parametersdialog as well asthisdialog. Thesetwo other dialogs are accessible
directly from this one with buttons.

The 3D parameter sbutton callsup a dialog (3D Polyhedra) for specification of
polyhedron properties unique to the 3D display mode Thisincludesoptionsto draw the
polyhedron faces as transparent and to show the central atom and interior bonds. Inthe
3D Polyhedradialog, and also the Ellipsoid Parametersdialog, there isan option to show
corners and/or central atoms of polyhedraas thermal ellipsoidsinthe 3D display mode

The Ellipsoid Parameter sbutton callsup the Ellipsoid Parametersdialog. In the
Ellipsoid display mode (which mimicsORTEP) polyhedraare never shown with actua
flat faces, but there is an option in the Ellipsoid Parametersdialog to draw theligand-
ligand "bonds" or polyhedron edges, and also the central-ligand "bonds" as standard
ORTEP bonds.

The Show ligands as spheresgroup hasthree options. If the None button is checked,
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only the polyhedron faces are shown and ligands are represented as points at the corners.
If one of the other boxes ischecked, ligandsare drawn as spheres. In the

Standard display mode, this option is an approximation in that junctions between the
atoms and the polyhedraare straight lines. In the 3D display mode junctions are aways
correct. For spherical atoms (not thermal ellipsoids) you can use the Atom radii entered
for each input atom, or you can use a Single radiusfor al ligands, entered in the edit box
to the right of thisoption. The Single radius option is not applicableto ellipsoidsin the
3D display mode if either the Atom radii or Single radiusoption is selected, ellipsoids
will be shown at polyhedron corners. If atoms are not shown at polyhedra corners (None
option), the bondsto such corners are always cylindrical,not tapered as they could beif
they were to elipsoids. Thisoption does not function as well when Hachure patterns
(Palyhedron Data dialog) are used - thejunctions of the polyhedron corners with the
spheres arenot correctly drawn.

The Test for incomplete polyhedra group determineshow atoms in incomplete
polyhedraare handled. Asdetailed in Generated Atom Data, when ATOMS locates
polyhedra, it assigns acertain plot code (5) to atoms which are parts of polyhedrawhich
have fewer than the specifiednumber of ligands. Thiswill always be done, even if the
option selected is No test, and the atoms thus flagged can either be omitted or plotted as
spheres, depending on the setting discussed in the previous paragraph. However, some
further screening of possible polyhedral atoms can be made, to eliminatedisplay of
potential ligandswhich arenot found to bond to any of the specified central atoms within
the given boundaries. Whilelocating polyhedra, ATOMS can makea list of either the
Input atom numbers or the Atom types involved (as ligands) in polyhedra. Then after
all polyhedraare located, the generated atom list issearched to findthose atomswith the
specified numbers, and these atoms are then marked with plot code 5, i.e. as belongingto
incompletepolyhedra.  Thenormal option for crystalsis Input atom numbers.
However, thisoption is of no use when the structure isof type Input=Generated, or for a
molecule with no symmetry, since every input atom corresponds to a singlegenerated
atom. Thus the default for Input = Generated isNo test. The Atom typesoption
works well when each input atom type (normally the atomic number) playsonly one
structural role, i.e. iseither always a polyhedron ligand or not. However when an atom
type can be a polyhedral ligand insome cases, and anon-ligand in others (for example
when oxygen atoms are ligandsin phosphate radicalsor other groups and also are present
inwater moleculesor hydroxyls), the atoms which are non-ligandswill be incorrectly
omitted. When using the Atom types option, it may thus be necessary to assign special
types to atoms with different structural roles, for example8 for oxygenswhichare in
phophate (or other) groups; 108 for hydroxyls; and 208 for waters.
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3.2.2.6.1 Polyhedron Data
Dialog Box: Polyhedron Data [ Polyhedra Dialog]

Polyhedra are defined by specifyingthe Coordination number, and the Types of the
central atom and the coordinating atomsor ligands. Note that atom types are used, not
individual atom numbers, so that chemicallysimilaratoms may be grouped. It isusually
convenient to use atomic numbersfor thetypes. You must further specify the Maximum
distance for the bonds from the central atom to the ligands.

If the coordination number isgiven as 3 or larger, only complete polyhedraare identified
and displayed; that is, both the central atom and all the ligandsmust be withinthe
structure boundaries defined inthe Boundary option. Atoms belonging to incomplete
polyhedracan be displayedas spheres with the radii assigned inthe Revise Atom dialog,
unlesstheir atomic radii are zero - then they will be marked as permanently non-plotting.
The display of these atoms is controlled by a checkbox in the Polyhedradialog. If more
coordinating atoms are found than specified withinthe given distance, an error messageis
shown and the polyhedron is skipped.

If you do not know the coordination number or the bond distances, you may wish to
make one or more runs with the coordination number set to zero. In this case, all
polyhedrawith three or more ligands within the bond-distance limitwill be accepted, and
you can examine the Cal culation Output to see what the proper coordination number or
distance limitsshould be.

If you want to show polyhedra whichdo not have central atoms, it will be necessary to
enter dummy central atoms. The best way to do thisisto take the average of each
coordinate for al the atomsin one polyhedron.

In the Standard display mode, polyhedraare alwaysopaque; if you wish to show only the
skeletons, you can define bonds among the ligands (next section). Also, you can use the
Skeletal display mode, selected in the Display Mode sub-menu of the Display menu.
Once the ligandsare located, central atoms are never shown in non-3D modes.

If anominallyplanar coordination is not strictly planar, withintolerances, it will be shown
as apolyhedron. In Standard display mode, strictly planar polyhedrawill vanishwhen
seen edge-on if display of rimsor edgesisnot turned on with the Rimsdialog inthe

I nput2 menu.

In 3D mode, planar polyhedrahave finitethickness. There are also several options for
showing polyhedraas opaque, translucent or skeletal (see 3D Polyhedra).

Colors and patter ns/shades. Each polyhedron may have a rim and afill, the colors for
whichare specified independently. Rimsare turned on and off, and their widths are set,
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in the Line Widths dialog inthe File2 menu. Shading appliesonly to fills. See
Input Colors/Patterns/Pens for general aspects of input.

LineWidth. If the Use individual box for polyhedrain the Line Widthsdialog (Input2
menu) is checked, the width specified herewill be used, rather than the overall valuein
the Line Widthsdialog.

Hachure patternsare patterns of linesbased on asquare grid which may be applied to
polyhedra. The patterns are drawn on the surface of each polyhedron facein 3
dimensions(not ssimply appliedin 2 dimensionsto the projection of the face), so that they
givesomeillusionof depth or shading. Thus they enhance the 3-dimensional appearance
of the drawing whileat the sametime allowing differentiationof the different types of
polyhedra. Differentiation of polyhedratypesis amostimpossibleusing gray shades
(above ) aone.

Hachure patterns are not used in the 3D Display mode, and this entire section is not
applicableto 3D display/outpui.

The Spacing is the distance between lines, in Angstroms. The colors/shades of the
patterns are same as those selected for the outlinesor edges (above), and the widthsare
also as selected (above) for each individual polyhedratype, or as selected overall in the
Line Widthsdialog (Input2 menu).

If the Use shade box is checked, the gray shade selected in this dialog will also be applied
asfill,in addition to the pattern, inblack-and-white non-shaded output. This choiceis
overridden if the Use initial patternsbox is checked inthe Shading dialog (Input2

menu) - in that case, gray shades or dot patterns will alwaysbe applied.

In color display and output, the fill color (above) isalwaysused. Shading, as selected in
the Shadingdialog (Input2 menu) is applied independently of hachure patterns, and itis
possibleto have both either in color or black and white. If hachure patterns are used in
conjunction with shading for atoms and bonds, the illuminationvector (Shading dialog)
should probably be 1,0,0, asthisisthe effectiveilluminationdirection for hachures.

Differentiating polyhedra. The size and shape of different polyhedraare not generally
sufficient to alow identification of the polyhedron type in adrawing. There are several
different display attributes of polyhedrawhich may be varied alone or in combinationsto
allow differentiation.

1) Color. Thisis certainlythe best option when it isavailable, especially when using
shading, except that a significantfraction of people are at least partialy color-blind.

2) Hachure patterns. Both the pattern itself and the scale can be varied.
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3) Gray shade of fill (black-and-white). Thisdoes not usually work well in combination
with shading.

4) Width of edges.

5) Gray shade of edges. Linesof one dot width (width 0.0 in thisdialog) are always
black.

3.2.2.7 Bonds
Dialog Box: Bonds [ Inputl Menu]

Thisliststhe current bonds. Click on individual itemsin the list, then on the buttons to
revise, delete or add bonds. The Revise and Add Bonds buttons call up the Bond Data
dialog.

To calculate bond distances and angles, for use in bond and polyhedrainput, use the
Coordination button in the Input Atoms dialog.

You canalso clickthe Generate from Radii button, to derive bonds automatically.

PDB quick bonds check box. In the caseof Protein Data Bank (PDB) structures,
ATOMS isable to use the information on residues whichis present inthe file, aswell as
CONNECT records, to greatly decrease thetime required to locate bonds, compared to
standard ATOMS methods for crystals. However, if some bonds are missing or
duplicated it may be necessary to uncheck this box.

3.2.2.7.1 Bond Data
Dialog Box: Bond Data [ Bonds Dialog]

Bonds are specified by givingthe Types of the two atoms involved - in some cases, such
as carbon-carbon bonds, these may be the same. The Minimum, as well as Maximum
distance must be specified; this allows differentiatingbonds to the same atom. A stick
bond has the shape of a cylinder, but if the Radius of this cylinder isentered as zero, then
the bond isdrawn as a singleline. The width of thissingleline, or thewidth of the lines
definingthe outline of astick bond, isnormally one dot in screen display or dot-matrix
plots, but this can be changed - for al bondsin the Line Widthsdialog inthe

Input2 Menu, or if desired for each input bond (see below).

Bonds to atomsin polyhedracan only be drawn to ligands defined inthe Polyhedra input,
not to central atoms.

If you wish to show only bonds, not atoms (wire-frame model), you should enter negative
radii for the atoms.
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If the I nter-moleculebox is checked, this bond specificationwill not be used inlocating
moleculesor groups in either the Molecules inCrystal boundary options, or the Find
button in the Generated Atom Data dialog or Locate Groups dialog. Intermolecule
bonds are drawn normally by default, but they can be dimmed, highlighted or hidden
(Atom/Bond Plot States dialog inthe Input2 Menu, or Dialog Bar - Right)

In Standard display mode, the interpenetration relationshipsof cylindrical bonds with
each other, and with the polyhedrato which they are attached, are not drawn accurately.
This affectswire-frame atoms (atomic radius negative), and bonds from polyhedral
ligandsto other atoms. The affect of this limitationismimimizedif the bond radii are
kept relatively small. In Standard display mode, if atoms are interpenetrating (interatomic
distance lessthan the sum of the radii), no sticks or lineswill be shown, but itis still
necessary to specify abond between the atom types so that the junctionswill be handled
properly (if no bond is specified, the atom in front will smply be drawn over the other
one). Theradius and colors of the bond are immaterial for interpenetrating atoms. In
3D mode, interpenetration relationsare always drawn correctly and if atoms are known
to interpenetrate it is not necessary to specify bonds between them.

Colors and patterns/shades. Each bond may havea rim and afill, the colors for which
are specified independently. The color for asingle-linebond is the same as the rimcolor
for acylindrical bond. Rimsare turned on and off, and their widths are set, in the

Line Widths dialog inthe Input2 menu. Shading appliesonlyto fills. See

Input Colors/Patterns/Pens for general aspects of input.

LineWidth. If the Use individual box for bonds inthe Line Widthsdialog (Input2
menu) is checked, the width specified herewill be used, rather than the overall valuein
the Line Widthsdialog.

Individual input bonds may be dashed if they are single-line(radius 0.0). The length of
the dashesis specifiedin the Crystal Edges dialog.

3.2.2.7.2 Generate Bonds

Dialog Box: Generate Bonds from Atomic Radii [ Import File] [ Bond Data dialog]

Thiswill derive aset of bond specificationsfor the atoms currently in memory, which
may havejust beenread in from animport file.

Sour ce of atomic radii. Starting with V4.0, ATOMS can use aconstant set of radii in
an internal table (read infrom the RADII file), rather than the given input atom radii
(which isstill an option). If you choose to use the table, the element can be identified
either using the first two characters of the label, or using the type number which is
assumed to be the atomic number. If you choose to use the input atom radii, the atom list
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is scanned and the radius istaken from the first occurrence of each atom type. That is, if
input atom number one istype 1 with acertain radius, and input atom number seven (for
example) isalso type 1 but with a different radius, only theradius of input atom number
one will be used.

The Maximum distance as fraction of radii sum field specifiesthe upper distancelimit
for each type of bond. Thiswill be the sumof the radii of the two atom types, multiplied
by the number entered inthisfield. The minimumdistance will be 0.2 Angstroms. If you
choose to use the current input atom radii, the factor must take account of any reductions
in the atomic radii from values which cause the atomsto almost touch.

If the Delete old bonds box is not checked, the new bond list will ssimply be added to the
oldlist.

The All pairg/Cation-anion only radio buttons allows skipping many superfluous
combinations, i.e. atoms which never bond with each other. Inthe RADII file, each atom
is assigned a code indicating whether it isacation (1), an anion (-1), non-metal (0) or
inert (3). A "non-metal” is considered to be ableto bond with al other types except inert
atoms (rare gases). At the timeof generating bonds, the codes for the two input atoms in
guestion are added together, and any resulting values with absolute value greater than 1
arergiected. Thecodes intheRADII fileare by default set up primarily for inorganic
structures, and if you want to use this option for organic structures, they may need to be
modified.

Whether or not this option isused, superfluous bonds can still be removed inthe Bonds
didoginthe Inputl menu.

In the Bond radii group of radio buttons, you can choose to makethe bond radius a
fraction of the radius of the smaller atom of the two inthe bond; or to enter a constant
radiusfor al bonds. A constant radius valueof 0.0 will result in single-linebonds.

The Default Colorsbutton will call up a dialog similar to that for individual input bonds
(Bond Data ), but the atomstypes, distancelimitsand radius will be missing.

If the Hydr ogen bonds box is checked, alist of Specificationswill be used to set up
bondsfor atomsinvolved in hydrogen bonding. Thiswill result in two input bondsfor
each pair (H-other) which may be involvedin hydrogen bonding. If the Hydrogen bonds
box isnot checked, any bondsinvolving hydrogen should be of the normal covalent type.

3.2.2.7.3 Hydrogen Bond Specifications

Dialog Box: Hydrogen Bond Specifications [Generate Bonds Dialog]

The current hydrogen bond specificationsare givenin the list box - edit the variablesfor
the selected specificationin the edit boxes on the right.
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If the Hydr ogen bonds box in the Generate Bonds dialog ischecked these specification
will be used to set up bonds for atomsinvolved in hydrogen bonding. As ATOMS
considers each possiblepair of atoms intheinput list, it will test the type numbers against
those inthislist

If one member of the pair hastype number 1 (hydrogen), 99 (deuterium) or 98 (tritium),
and the other member of the pair has one of the type numbersin thislist, hydrogen bonds
will be set up. If both members of the pair have type numbersindicating hydrogen, no
bondsat al will be set up. Note that atomic numbersin thislist (non-hydrogen) do not

need to be atomic numbers, but hydrogen itself (and deuterium and tritium) must havethe
default atomic numbers.

Two separate input bonds will be set up for each hydrogen-other pair: ashort or strong
bond in whichthe other (the atom in thislist) isthe hydrogen donor in a hydrogen bond;
and a long bond or hydrogen bond itself inwhich the other atom isthe acceptor. For
normal, strong (non hydrogen) bonds between H and the other atom, the minimum
distanceis0.2 Angstroms and the maximumbond distance is the minimumdistance
(Min) inthistable. For hydrogen bonds between H and the other atom, the minimum
bond distance isthe minimumdistance in this table and the maximumbond distance is the
maximum distance (M ax) in thistable. That is, the Min valueis the boundary between
donor bonds and acceptor bonds, and the M ax distance isthe longest possibleacceptor
bond.

The Intermol (Intermolecular) flag determines whether bonds will be considered to be
intermolecular (see Bond Data dialog) for purposes of locating molecules.

Any input bond specificationsset up with this option can aways be edited through the
[nput Bonds dialog.

3.2.2.8 Atoms - Global, Variables Tab
Dialog Box: Atoms - Global: VariablesTab [ Inputl Menu]

This appliesto input atoms, not generated atoms. Select the atoms to be modifiedin the
Which Tab.

3.2.2.9 Atoms - Global, Which Atoms Tab
Dialog Box: Atoms - Global: Which AtomsTab [ Inputl Menu]

Thistab specifieswhichatoms will be changed: it appliesto input atoms, not generated
atoms. Y ou can change parametersfor all atoms, for all atomsof a giventype, for a
sequence of atoms, or for al atoms in agiven fragment (if there is more than one
fragment - see Multiple Structures) in the Transform menu.
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Randomize. Thisallowsyou to modify only a certain fraction of the input atoms chosen,
on arandom basis. Thisisintended primarily for representing solid solutions - you can
modify the colors and/or sizes of individualinput atoms. Before doing this, it will
normally be necessary to do the Generated to Input option in the Transform Menu, so
that al atoms become input atoms. If only atomson acertain site are to be modified, it
may be necessary to changethe atom type of this site before transforming

Generated to Input .

A solid solution with only two types of atom isstraightforward, but more than two
occupants will require some pre-calculation and repeated use of thisdialog. Sinceall
atoms present are affected, the fraction whichis entered in this dialog must be with
respect to the new occupant and those occupants already present, not the final fraction.
For example, suppose you want to show four occupants, each with occupancy factor
0.25. The first occupant isalready present. When adding the second occupant, for
example changingthe color, the fraction should be 0.5, because this gives the correct
ratio of occupant 1 and 2. To add thethird component, this dialog must be repeated and
the fraction is0.3333, and for the fourth and last occupant the fraction is0.25.

Select the variablesor attributes to be changed inthe Variables Tah.

3.2.2.10 Atomic Vectors
Dialog Box: Atomic Vectors [ Inputl Menu] [ Input Atoms dialog]

The vectors can be cylindersor singlelines; if cylinders, al will have the same radius.

The Scale factor should bein whatever units are necessary to convert the given lengths
of the vectors (specifiedinthe Vector Tab of the Revise Atom dialog) to suitable
lengthsin Angstroms. The length of the vector is measured from the surface of the atom
to the end of the lineor the cylindrical portion, except for double ended vectors (see
below) in pen plots, inwhich the length ismeasured from the surface of the atom to the
center of the sphere on the positive end..

Y ou can choose to use the colors of each individual atom, or the color specifiedinthis
dialog.

If the Single-end, no arrow radio box isnot checked, the vectors will be singlelinesor
cylindersextending in one direction from the atom. The terminationisadisk in
Standard display modeor ahemispherein 3D display mode If the Single-end, arrow
radio box ischecked, the end will be marked with a cone (arrowhead) except in pen-plot
output, inwhich the positive ends will be marked with asphere. If the Double-ended
box ischecked, the vectors will extend inboth directions fromthe atom, and the positive
end will be marked with a cone (arrowhead).
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The Radius increment for arrow gives the absoluteincrement in Angstroms of the
radius of the base of the cone over theradius of the vector. Thelength of thearrow is
determined by the L ength/radius value. Likewise, the Radius increment for sphere
(pen-plot only) givesthe absolute increment in Angstroms of the radiusof the sphere
over the radius of the vector.

Vectors are drawn by adding pseudo-atoms to the list of generated atoms, and adding
pseudo-bonds between these pseudo-atoms and the real atom to whichthe vector is
attached. Thusif the length, orientation (Revise Atom dialog, Vector tab) or
single/double-ended status is changed the structure must be recalculated, rather than
just replotted. Also, since the lengthis computed as the visiblecylindrical part of the
vector, if you change atomic radii the vector lengthswill change unlessthe structure is
recalculated. In thisdialog (Atomic Vectors), changingthe scale factor will require
recalculation, as will changing the vector radius, since this affects the length of the visible
part of the vector (although this effect isdight).

3.2.2.11 Vibrational Modes
Dialog Box: Vibrational Modes  [Inputl Menu]

Seethe Import File dialog for general aspects of importing atomic-structure data files.

Thisdialog controls MOT vibrational displacement files (see

Import VIBRAT (.(MQOT) files) written by the VIBRATZ program (or the original
VIBRAT - Dowty, PhysChem Minerals (1987) 14:67). When thesefilesare readin the
infomationis converted into astandard ATOMS datafile, and aso a specia.MDT modes
filewhich contains the atomic displacementsand other information for each vibrational
mode. When you re-read the.STR file, the MDT fileisread in dso; if thisfails, you can
read it in using one of the optionsin the M odes filegroup inthisdialog. The title of
the.MDS file should aready be present inthe edit box so you can edit it and click the
Read Named File button, or use the Browse button to find it.

The Read.MOT filefor motions only button will read the atomic motions, but will
ignore other information inthe MOT file. Thisallowsyouto set up the drawing oncein
terms of atom sizes, colors, etc., and retain all thisif you decide to recalculate the
vibrational modesinVIBRAT.

The modewhichisinthe.STR fileand whichis displayedwhen you first read and
calculate the fileis the one which was selected whenthe.STR filewas last saved.

After selecting anew mode, you will need to recalculate the structure (Calculate
command in the File menu, or the Dialog Bar), not simply replot, since new vectors
involve generating new pseudo-atoms and pseudo-bonds.
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To see on the screen or output which vibrational mode isbeing displayed, select the Print
title on plot option inthe Title/Axes dialog inthe Inputl menu.

MOT filesfrom versionsof VIBRAT previousto 1997 do not transmit the lattice-type
informationwhich isnecessary for display of the unit cell. Insert the correct Bravais-
lattice symbol if necessary with the Lattice combo box. This does not affect the atoms,
bonds and displacements.

VIBRATZ datafor a crystal can beimported ineither of two ways; showing the atoms in
the primitiveunit cell as amolecule; or using the normal ATOMS boundary options for
crystals (see Import VIBRAT (MQOT) files).

VIBRATZ usestwo types of atoms for crystalsor infinitepolymers: primary atoms,
whichare just those in the primitiveunit cell; and secondary atoms, which arethose
required to complete the bonds and angles of the complete set of internal coordinates (i.e.
force constants). Moleculesdo not require secondary atoms. For acrystal, the atoms of
the primitive(not Bravais) unit cell are listedin the. MOT file, but the coordinates are
givenin the standard Bravaiscell..

If you have imported the MOT fileas a molecule, not a crystal, thisdistincionis
preserved. Thestructure istreated as amolecule, that isthere is no symmetry and no
lattice trandations. Sometimesthere may be more secondary than primary atoms. You
have the option to show the secondary atoms in just the same way as the primary atoms;
to mark the secondary atoms with atriangle; or to omit the secondary atoms altogether.
If you omit the secondary atoms, the bondsto them will also be omitted.

If you haveimported the MOT fileas a crystal, there are no secondary atoms. If the unit
cell is non-primitivethe Bravais cell isfilled out (i.e. you do not see only the atomsin the
primitivecell), and all atoms which are trandationally equivalent are displayedin the same

way.

To specify the details of the vectors which represent the atomic displacements, including
the scalefactor, go to the Atomic Vectors dialog inthe Inputl menu.

3.2.2.12 Cavity Parameters
Dialog Box: Cavity Parameters [ Inputl Menu]

This dialog controls the Cavities display modewhich usesthe 3D system capabilities- if
your system does not support 3D display the Cavitiesdisplay mode isnot available. It is
applicableto crystalsonly (not moleculesor polymers). Thedisplay modeis selected in

the Dialog Bar - Left or the Display Mode option in the Display Menu.

Grid spacing. Thisisthe approximate spacing in Angstroms between sample points -
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the actual spacing may be dlightly reduced from this value to give an integral number of
points across the unit cell. This should be considerably smaller than the radius of the
smallestatom. Valuesof 0.1 to 0.4 arereasonable. Time of the calculationis
proportional to the cube of this number.

Particleradius. Thisistheradius of the sphere which ispresumed to exist inthe
cavities. The volumeshown isthat enclosing possible centerpoint locations of this
sphere. If thisradiusis zero, the volume shown will smply be that not occupied by the
atoms of the structure.

Show cell faces. If thisbox is checked, the surface where the cavity volume crosses the
unit-cell facesisshown ina different color (next paragraph). |If not checked, it may be
possibleto see completely through a channel, although this requires that the channel be
fairlystraight. Theinner surfaceis then given a different color (next paragraph).

List Coords[Coordinates]. Thiswill list the fractional coordinates of all grid points
which can accomodate the sphere of the specified Particleradius. The listingismade to a
text file, CAVVAL.ATD, and thisfileis then displayed in a Text window (see

Types of Windows).

Colors - Outer surface and Cell faces/Inner. The first color isfor the outer or exterior
surface of the cavities, insidethe unit cell. If the Show cell faces box (above) ischecked,
the second color isfor the surfaces where the cavities cross the unit-cell faces. The cell-
face surfacesmay be especiallyimportant in judgingthe continuity of the cavities. If the
Show cell faces box (above) isnot checked, the second color isfor theinside or inner
surface of the cavitiesthemselves. The material parameters used

(3D Parameters/Materials, Input2 menu) are those for polyhedra. Asfor polyhedra, the
specular component isusually best kept small.

In VRML filesthe viewer controls the color of inner surfaces - it isimpossibleto specify
the color without redrawing the surface (i.e. there is only one color per surfacein a

VRML file). Some viewersmay make the inner surfacesthe same color as outer surfaces
(there may be a switch specifyingthat surfaces are "double sided"), some may make them
black and some may make them transparent. For VRML filesit issafest to check the
Show cell faces box above.

Offset (fraction of unit cell). Thisallows the boundaries of the crystal volume shown
to be offset by afraction of the unit cell (axislength). The offset isawaysin a positive
direction, and the lower and upper boundaries are offset by the same amount. The
Offsets shift the boundaries of the volume shown, not the unit cell itself or the unit-cell
Displacements in the Axes/Unit Cell option.

Number of unit cells. You may display multipleintegral unit cellsin any of the axis
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directions. The extra unit cellsextend in the positive directions of the axes. You cannot
display fractions of unit cells.

Porosity. Thisisthefraction of the volume of the unit cell which can accomodate the
given sizeparticle. Thevalue shown isfor the the last plot (which could be printed or file
output, rather than screen display). To get true porosity, set the Particle radiusto zero.

Changing the Grid spacing or Offset requires a recalculation of the grid, and thus you
must select Calculate inthe Dialog Bar - Left or Filemenu. Changing other parameters
only requires Replot.

3.2.3 Input2 Menu (Graphics Window)

Note: if the screenis narrow, this may be a submenu inthe Input menu.

Crystal Edges - Thiscontrols the display attributes (color, etc.) of the edges defining
the exterior crystal shape, if present.

Perspective - Controls drawing in perspective versus straight projection.
Stereopairs - Controls automatic drawing of stereopairs.

Rims - Controls presence or absence of rimson atoms and bonds and edges on
polyhedra.

Linewidths - Controlswidths of linesused as edges, etc.
Shading - Controls three-dimensional shading.

Background Color - Controls background color (ignored for b/w display or output).

Crystal Axes - Controls display of crystal or structure axes.

Unit Cell - Controls display of the unit cell, which may be drawn as edges or solid
(translucent) faces.

Ellipsoid Parameters - Controls the drawing of ellipsoidsand stick bonds in the
Thermal Ellipsoidsand 3D display modes.

3D Parameters - A pop-up submenu, controlling aspects of the 3D Display mode.

---- Genera - Some overal parameters.
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---- Lighting - Number, direction and/or location of lights.

---- Material - Theway the atoms, bonds and polyhedrareflect or emit light.
---- Fog (Fading) - Aidstheillusion of depth.

---- Polyhedra - Some aspects of polyhedraspecificto the 3D drawing mode.

PDB (Protein) Display - A pop-up submenu (no dialogs), controlling which atoms are
plotting in Protein Data Bank structures.

----All Atoms
----Omit All Hetatoms
----Omit Water

Initial Orientation - Controls the orientation which can be imposed after calculationand
beforefirst viewing.

Scaling - Controls scaling modes and factors.

Centering and Displacements - Controls displacements and automatic centering of the
image.

Calculation Output - Controls the listing of the analytical results of the calculations
such as atom locations, bonds, etc.

Atom/Bond Plot States - Allowschanging the plotting or non-plotting status of
generated atoms and intermol ecular bonds.

3.2.3.1 Crystal Edges and Faces
Dialog Box: Crystal Edges and Faces [lnput2 Menu]

This dialog controls the appearance of the display crystal shape. The
Crystal Formsfor Display dialog inthe Input1l menu controls the actual generation of the
faces which make up this shape.

Display. Crystal meansthe edges which definethe external boundary faces. Atoms
means the atomic structure includingbonds and polyhedra. If you are drawing a
molecule or polymer, crystal edges are not normally shown, but you can nevertheless
display a crystal shapeif desired.

Edges Only/Faces Only/Both. 1n 3D display modes the actua planes of the crystal
faces can be shown, instead of or in additionto the edges between faces. Set the
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Opacity and color of the facesin the group at the bottom of the dialog.

Dash length and dash ratio. The dashesare used for back edges of crystalsand in
display of Crystal Axesand Unit Cell. Length or repeat distance isininches/centimeters,
and the length factor isthe actual length of the solid part divided by the repeat distance.
Note that when using Frames in output the dash length remainsthe same - it may be
desirableto decrease the length for very small plots.

Back edges - those not visibleif the crystal isopaque - may be specifiedas none (not
shown at all), dashed or solid.

Lines/Cylinders. 1n 3D display modes the edges may be shown as linesor cylindersof
the specified width.

Colors, Patterns, Pen numbers. Front edges are those which arevisible; back edges are
not visiblein an opaque crystal. Widthsof linesare set in the Line Widths dialog inthe
Input2 Menu). See Input Colors/Patterns/Pens for general aspects of input.

For aternate ways of drawing unit cells, and problems sometimes encountered with
crystal edges, see Drawing Crystal and Unit-Cell edges

3.2.3.2 Perspective
Dialog Box: Per spective [ Input2 Menu]

If perspectiveis not in effect, or turned off, the drawingis simply a perpendicular or
orthographic projection down the observer x axis. If perspectiveison, the drawingis
projected from apoint (xp+Xxo, yo, zo), where xp is the perspective distanceand xo, yo
and zo are the projection offsets (below), perpendicularly onto the plane (xo, y,z), that is
ahorizontal plane passing through the structure center. Scaling appliesto the projection
plane, but obvioudy fixed scalinghas limited intrinsicmeaning. Generallythe scaling
modes Univer sal Maximum or Each View Maximum (set in the Scaling dialog inthe
Input2 menu) should be used when perspective isin effect. The perspective distance is the
distance xp of the projection point from the projection plane, or in other words the
distance from whichthe structure isviewed (distance from the center of the structure to
the eye). Smaller distances will accentuate the "perspective"; larger distances will cause
the plot to appear more likea straight-on projection. The perspective distance should be
considerably larger than the distance of the furthest atom from the center (or the plane
x=X0) inthe positivex direction. If atoms come withinabout 1 Angstrom of the x
coordinate of the eyethey will be omitted, but many of such atoms would be off scale
(sideways) anyway.

Projection Offsets. During calculationthe midpoint of the structure isdetermined - this
includes all atoms, but does not includecrystal edges, unit cell or axes. When projecting
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in Perspective viewing, the coordinates of this midpoint, xo, yo and zo are used as the
coordinates of the projection point (xp+xo, yo, zo), where xp is the perspective distance.
Thisinsuresthat the projection isnever oblique to the projection plane. Thisis equivalent
to the Automatic Centering option inprevious versions of ATOMS. Although arbitrary
specification of the offsets is no longer allowed, you can attain amost any attitude of the
structure by suitablerotations. Note that the structure can be displaced inthe plotting
areawith the Centering and Displacementsdialog (Input2 menu). In effect, the
projection direction movesalong with the structure. If you also have structure axesor a
unit cell (Display of Axesand Unit Cell dialogs, Input2 menu) which are separated from
the structure, they will be projected obliquely, according to their distancein Angstroms
from the structure center; that is, if you are looking down, say, the a-axisinthe structure
itsalf, structure axes placed to the side will not have that axis exactly parallel to the view
direction. You can rotate to effect acompromise between the two orientations.

3.2.3.3  Stereopairs
Dialog Box: Stereopairs [Input2 Menu]

When stereopair display ison, two imagesof the structure will be drawn. The upper part
of this dialog pertains to non-Anaglyphdisplay modes, in which each image centered in
one half of the plot area. The left or |eft-eyeimage will be rotated by the stereopair
Rotation angle clockwise from the normal orientation, and the right-eye imagewill be
rotated the same amount counter-clockwise. |If shadingis active the illuminationvector
will be rotated along with the structure. The stereopair rotation angleistypically about 3
degrees, although the proper angle may vary depending on the perspective distance, the
actual viewing method, etc.

The Stereopairs on check box appliesonly to separated-image stereopairs drawn in non-
Anaglyph display modes.

If the hard copy of stereopairs isto be viewed directly or with asmall viewer, aframe
Sizein the dot-matrix or pen plot of 4 to 5 inches across will give a distance between the
two imagesabout equal to the normal interocular distance. If youwant apair of images
larger than a singlepage, you can use the Stereopair Rotation in the Rotation menu to
rotate the images separately, if shadingisineffect; if shadingis not ineffect, ordinary
rotation on z is sufficient..

Few peoplecan directly view a stereo pair as shown on the full screen because theimages
are considerably further apart than the eyes. However, if a negative rotation angleisused,
some people can view the imageby crossing their eyes.

The lower half of the dialog pertainsto the Anaglyphdisplay mode, selected in the
Display M ode command inthe Display menu, or the Dialog Bar - Left. In thistype of
display, there aretwo skeletal images of two different colors, superimposed. Generally
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red/blue with ablack background works best for the screen, while red/green with a white
background works best for printed output. However, depending on the color of the
glasses, red/cyan may work better for either.

The stereopair Rotation Angle for anaglyphsis separate from that for separated-image
stereopairs, sinceasmaller angle isusually better (e.g. 2 degree instead of 3). The angle
for anaglyphsshould alwaysbe positive, whereas that for separated-image stereopairs
may be negative for cross-eyed viewing.

---- Windows only ----
Anaglyphsin 8-bit (256-color) screen modes are not drawn correctly, because the colors

are not added correctly for areas of red/green or red/blue overlap. If possible, switch
Windowsto a "true color" (16-, 24- or 32-bit) modeto get a correct drawing.

---- Macintosh only ----

The Macintosh adds colors correctly even in8-bit screen modes.

---- End Macintosh only ----

Colors are not added or mixed correctly for labelsin anaglyphmode.

3.2.3.4 Rims/Edges
Dialog Box: Rims [lnput2 Menu]

In the Standard and Thermal Ellipsoid display modes, this controlsthe drawing of rims
and edges for all the atoms, polyhedraand bonds. Colors and shadesfor rims and edges
are entered in the input for atoms, polyhedraand bonds. Note that edges for polyhedra
include edges that appear in the front, as well as those forming the outline.

Generally, rimsshould be turned on for all types of black-and-whiteimages. They should
usually be off for atoms and bondswith color shading with 8-bit or greater pixel depth,
although you may wish to show polyhedron edges. Color imageswith black dithering,
such as 4-bit raster files, usually look better with rims. Rimsin color images should
usually be black or a dark color.

Rimsare never used in the 3D display mode.

3.2.3.5 Line Widths
Dialog Box: Line Widths [Input2 Menu]

The widthsare ininchesor centimeters. If thevalueis0.0, thelineswill be only one dot
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wide. For black-and-white display and output, one-dot lineswill always be solid black,
whilewider linescan have gray shadesor patterns.

If the Use individual box is checked for atoms, bonds or polyhedra, theindividual line
widths entered for each in the dialogs of the Inputl menu will be used instead of the
overall valuesin this dialog.

When reading older fileswritten with ATOMS for the Macintosh or for WindowsV 3.0,
in whichthe linewidths arein dots, the conversion to floating-point is made using the
resolution valuesfor the current printer.

Note that linewidths in 3D Display Mode are alwaysone pixel. You can use cylinders of
any desired diameter instead of linesfor Crystal Edges, Crystal Axesor the Unit Cell
(also 3D General dialog inthe Input2 menu).

3.2.3.6  Shading
Dialog Box: Shading [Input2 Menu]

For 8-bit screen display and raster files, the number of shading zones determinesthe
nature of the 256-color palette generated by ATOMS and the number of colors available
for shaded atom, bond and polyhedron fills. If the number of zonesis 16 or fewer, you
can use al 16 colors from the 16-color palette, except black, and there are 16 gradations
of each color. If the number of zones isgreater than 16, you should use only thefirst 8
colorsin the palette numbered from 0 to 7, each of which has32 gradations. See
Colors, Palettes and Dot Patterns for more details.

Darknessangle (degrees). For an isolated object in avacuum, the intensity of
illuminationshould vary from maximumto minimumas the anglevariesfrom 0 to 90
degrees. However, thiswould be avery "hard" illumination,and ATOMS alowsfor a
"softening” or diffusingof the illuminationin two alternativeways, by darkness angle or
by darkest shade. The darkness angle, or theangle at whichthe illuminationbecomes zero
or minimal, can vary from 90 to 180 degrees.

Darkest shade (fraction). This option "softens’ the shading by allowing the presumed
illuminationof the darkest zoneto be other than zero. Small values of thisfraction, such
as0.1 or 0.2, are usually appropriate. It is 0.0 by default.

Useinitial pattern numbers. Each atom, bond or polyhedron typeis given afill pattern
number or gray shade for use in black-and-white screen displaysand dot-matrix images,
and thisis used if shading isturned off. If shadingis on, the shading normally starts from
pattern zero, white. However, if the initia -pattern-number option ison, this pattern is
used as the initial pattern number, for maximumillumination, other zones then increasing
in darkness from this pattern number rather than from zero.
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This option can be useful for spherical atoms, whichall show the same shading zones, but
is lesssuccessful for stick bonds and polyhedra, whichwill show different shading
depending on their orientation.

Front-back fading. The initial or unshaded colors of atoms, bonds and polyhedra can be
made to darken with depth (decreasing x coordinate). Theforemost atom (greatest x
coordinate) isconsidered to have full illumination,and illuminationdrops off to therear
according to the fadingfactor. Theunit of fadingis fraction of full illuminationper
Angstrom. If the structure has aready been calculated, the factor for complete fading
(black at the rearmost atom) isshown.

3.2.3.7 Background Color
Dialog Box: Background Color [lnput2 Menu]

The best color for background may be neither white nor black - sometimes gray brings
out shadingand front-to-back fading better. The background for black-and-white display
and output isalways white.

Using colors other than white, black or gray for background may result in increased size
of Raster or bitmapfilesand PostScript filesin 3D modes. In some cases asimplerun-
length-encoding method isused for compression of these files, and thisfailsfor 24-bit
RGB (true color) fileswhen the three componentsare not identical. That is, for arow of
white pixelsthe sequence of bytesis 255, 255, 255, 255... whereas for arow of red pixels
itis255, 0, 0, 255, 0, O...

3.2.3.8 Display of Crystal Axes
Dialog Box: Display of Crystal Axes [Input2 Menu]

Structure axes cannot be drawn on stereopairs in non-3D display modes.

If perspective viewingis on, the axes are projected as if they intersected at the origin,
although innon-3D modes they are drawn as if they werein front of the structure as well
as any crystal edges present. If the Dashed box is checked, the ¢ axisisshown solid, the
b axisis dashed with the dash length and interval set in the Preferencesdialog inthe
Settings menu or the Crystal Edges dialog inthe Input2 menu, and the a axisisdashed
with half theseintervals.

If the Include in scaling box is checked the axes will not go off-scalein either the
Universal or Maximize for each view scaling modes (Scaling dialog, Input2 menu).

In the 3D display mode, the axes can be either linesor cylinderswith the specified radius
(which can aso be set in the General sub-option of the 3D Parameter scommand inthe
Input2 menu). Theaxesare not shown in Stereopairs innon-3D display modes since
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they do not have a definitelocation in space, but they are shown in stereopairs inthe
3D display mode

The Scale factor refersto the distance from the center to either end. Thus a scalefactor
of 0.5 giveslinesequal intotal length to the axes. In non-3D display modes, the axes are
alwaysshown in front of the atoms and faces.

The Labels if selected, will be on the positive ends of the axes.

Use PostScript font. Thisalowsyou to enter acharacter string for PostScript fonts
supported by a PostScript printer if such fonts do not appear in the standard system font
dialog caled up by the Font button. This character string usually specifiesthe weight
(normal, bold) and dant (italic, oblique) of the font, but not the size, whichis specifiedin
the Font dialog. Certain PostScript typefacesare standard, and should be present on
most PostScript printers.

The Displacements can be used to separate the structure and axes, for exampleto put a
small axial cross ina corner of thedrawing. Note that you can aso move the structure
with the Centering and Displacements command inthe Input2 menu. The Scale Grid
can assist in these displacements. In 3D display mode, the axes may interpenetrate with
the structure, and the x-coordinate or front-back displacementisalso relevant. Unlike
the Unit Cell, the crystal axes are not fixed with respect to the structure, rather their
location is specifiedin observer coordinates (see Coordinate Systems), with respect to
the center of the structure.

Clickingintheplot area after clickingon the L ocate with M ouse button will determine
the y and z (across and up) coordinates, all that isrequired in non-3D display modes; in
3D display mode the x (front-back) coordinate will be unchanged and can be set
independently.

Projection - Orthographic/Per spective. If Perspective (Input2 menu) isoff, the axes
are alwaysprojected by the orthographic method, in the sameway as the structure. If
Perspective is on, the projection point isalways on aperpendicular to the projection
plane (screen or paper) passing through the approximate center of the structure. If the
Per spective radio button in this group is chosen, the axes are projected from the same
point, as athree-dimensional object. This meansthat if the axes are displaced from the
center of the structure, they are viewed obliquely, and it may not be obvious that they are
in parallel orientation with the structure. This can be confusing to the observer who is not
aware of the complexitiesof perspective projection. If the Orthographic radio button is
selected, the axial cross is projected orthographically, which usually is more satisfactory.
If the axesareat or near the center of the structure, thereislittleor no difference
between the two methods.
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3.2.3.9 Display of Unit Cell
Dialog Box: Display of Unit Cell [ Input2 Menu ]

For alternate ways of drawing unit cells, and problems sometimes encountered with
crystal edges, see Drawing Crystal and Unit-Cell edges

The unit cell isasimplebox, with front and back edges having the colors specified. No
distinction ismade between "front" and "back" edges. In non-3D display modes, the unit
cell is shown in front of the structure, likethe structure axes, whilein 3D display modeit
has a definite location in space and may interpenetrate with the structure depending on
the Displacements.

In non-3D display modes, only the edges may be shown, whilein 3D modes faces may be
shown as opague or translucent planes.

Edges may be Dashed in non-3D modes only. Thedash length and interval are set in the
Preferences dialog inthe Settings menu or the Crystal Edges dialog inthe Input2 menu.

If the Include in scaling box is checked the unit cell will not go off-scaleineither the
Universal or Maximize for each view scaling modes (Scaling dialog, Input2 menu).

For non-primitivelattices, you can choose either the Bravais or Primitive cell; the
primitivecell will have the same shape as that generated by the Default Unit Cell
boundary option (if a primitivecell isselected in that option aso).

In 3D modes the edges may be shown as lines, which are alwaysone pixel wide, or as
cylinderswith the specifiedradius. In non-3D modes edges are alwaysdrawn as lines -
the width isset inthe Line Widthsdialog (Input2 menu).

The unit cell is not shown in Stereopairs in non-3D display modes sinceit does not have a
definitelocation inspace, but itis shown in stereopairs inthe 3D display mode

In 3D display mode, and in perspective viewingin non-3D display modes, the unit cell
appliesto only onelocation in three-dimensional space. Change this location with the
Displacements button, which callsthe Unit-Cell Displacementsdialog.

See Input Colors/Patterns/Pens for general aspects of color input.

3.2.3.10 Unit-Cell Displacements
Dialog Box: Unit-Cell Displacements[Unit Cell dialog]
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The unit cell drawn with the Unit Cell dialog (Input2 menu) hasitsorigin at particular
coordinates in the structure coordinate system. The displacementsfrom 0,0,0 are in
fractionsof the current cell vectors, whichmay be either primitive or Bravais vectors.
The current vectors, in terms of components in the axes used for atomic coordinates
(normally the Bravaiscell edges), are listed; these are trivia unless you have chosen a
primitivecell for anon-primitive Bravaislattice. If you have chosen the -0.5 to 0.5
suboption of the Default Unit Cellboundary option, the boundary volume iscentered on
the origin, so the displacements-0.5, -0.5, -0.5 will cause the unit-cell outline to coincide
with the edges of the boundary shape. For the 0 to 1 suboptions usethe displacements O,
0, 0.

3.2.3.11 Ellipsoid Parameters
Dialog Box: Ellipsoid Parameters [ Input2 Menu ]

Thisdialog controls plotting parameters for the Thermal Ellipsoidand 3D display modes,
set inthe Display Mode sub-menu inthe Display menu or inthe Dialog Bar - Left

The following parameters are those which are in the various instruction series of ORTEP.

NPLANE - drawing of ellipses
= 0, no €ellipsoid components
=1, boundary €llipseonly
= 3, principal elipsesonly
= 4, boundary + principal elipses

NDOT - back side of principal ellipses
<0, solid lineback side
= 0, back side omitted
= 3, 4 dots on back side
= 4, 8 dots on back side
=5, 16 dots on back side
= 6, 32 dots on back side

NLINE - forward principal axes and shading (cut-out octant)
=0, no forward axes or shading
=1, forward principal axes only
= N, forward axes + (N-1) lineshading

NDASH - dashed reverse principal axes
= 0, NO reverse axes
= N, dashed reverse axeswith N dashes

NBOND - bond type for stick bonds
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=0, no bonds
=1,2, 3,4,5¢givelinesat 180, 90, 45, 22.5 or 11.25 degrees apart, bonds ending
at ellipsoids
=-1to -5, same, bondsending at atom centers
TAPER - bond taper. Thebond radiusis
R =R0 +- TAPER * ABS( COS(THETA) )

where theta isthe angle between the bond and the view direction. The bond radiusis set
inthe Bond Data dialog (Inputl menu).

SCAL 2 - elipsoid probability scaling factor.

This controls the size of elipsoids. A valueof 0.76 gives 10% probability, 1.54 gives
50% probability, 3.36 gives99% probability, etc. See the table inthe original ORTEP
instructions.

DI SP - retrace resolution.

When lines are retraced to emphasizecertain ellipsoids or make the width a function of
depth, thisisthe separation.

A0 and A1 - depth function parameters.

Linesmay be retraced to givewider linesfor closer ellipsoids.

dR(X) = AO+Al* x

where dR isthe width of the lineand x isthe height in Angstroms.
Use b/w shades. If thisbox ischecked, elipsoidsin black-and-whitedisplay and output
will be filledwith the b/w shade or color specifiedin the Input Atom Data dialog (Inputl
menu). If it isnot checked, they arefilled with white before drawing ellipsoid

components.

Show iso as spheres. If thisbox is checked, isotropic atoms are shown as spheres (i.e.
circles) without the principal planes, which can give a falseimpression of anisotropy.

Default radius. Thisisthe mu value whichis givento atoms with no valid entered
temperature factors; it is 0.1 by defaullt.

If DISPis0.0, linesarenot retraced. For one-dot lineson typical screens, DISP should
be about 0.01 inch, but it can be much smaller for output. Note that x is measured from
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the zero of coordinates, not the rear-most atom

Linewidths for atoms are set independently in the Line Widths dialog (Input2 menu), and
the value of DISP should take account of these settings if wide lines are used.

For color display and output, depth isprobably best shown by front-back fading of color
(Shading dialog, Input2 menu) rather than lineretracing.

3D Mode. If the Show in 3D mode box is checked, and if temperature factor data have
been entered, atoms will be shown as ellipsoidsin the 3D Display Mode. If NLINE is
greater than O, the "forward axes" or cutout octant is shown asin ORTEP (except in 3D
files- seebelow). If NPLANE isgreater than 1, the trace of the principal planeswill be
shown as stripes or three-dimensional bands just outside the ellipsoids. The Width of
principal- plane stripesgives the width of these bands. The Radius Factor for stripes
givesthe height or extent to whichthe curvesfor the principal planes are outside the
ellipsoiditself; this should always be larger than 1.0. By increasing this factor and
decreasing SCAL 2, the principal planes can be madeto dominate the representation, as
elliptical disks.

For direct screen and print rendering, the bonds between ellipsoidsare the same sizeas
shape as in ORTEP drawing, and the TAPER parameter isapplicable. In 3D files
(VRML and POV-Ray), bonds are alwaysstrictly cylindrical. Alsoin thesefiles, the
ellipsoidsare alwayscomplete and do not have the cutout octant as possiblein ORTEP
drawing. When Polyhedra are present, and ligand atoms are not shown at the corners,
bondsto these corners are always cylindrical, not tapered. Note that the option to show
corner atoms as spheres of constant size isnot applicableto the 3D mode - such atoms
are either absent, or shown as thermal ellipsoids. Of course, the atoms could be
converted to isotropic temperature factors of appropriate size.

The SCAL2 parameter above determines the size of the ellipsoidsas in the Ellipsoid
drawing mode. Apart from SCAL2, TAPER, NLINE and NPLANE the ORTEP

parameters above are not applicableto 3D drawings.

The 3D Material parameters used for both the cutout octant and the principal -planebands
are those for polyhedra - thisisto avoid distracting specular reflections from largeflat
surfaces (although polyhedra may be assigned large specul ar reflection components as
well).

Polyhedrain Ellipsoid mode (non-3D) group. In the Ellipsoiddisplay mode, you can
either show polyhedra with flat, opague faces (last option), or you can show the ligand-
ligand "bonds"' which are the edges of polyhedra, and also the central-ligand bonds. Both
of these types of "bonds" are as defined in the Polyhedra input in the Inputl menu, not
the Bondsinput. Theligand-ligand"bonds" or edges will have thefill and edge colors
which are specified for the given polyhedron inthe Polyhedron Data dialog, and the
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central-ligand "bonds" will have the edge and fill colors of the central atom
(Input Atom Data dialog). Both these bond types will have auniform radius, as specified
in the edit box.

The intersections of the solid polyhedrawith the corner elipsoidsare not solved exactly,
but approximated assuming the corner atoms are spheres. The size of these spheresis
determined by the settings in the Polyhedra dialog (Inputl menu). Thisapproximation
will be lessacceptable as the ellipsoidsdeviate further from sphericity.

All the atoms involvedin polyhedra, except for the central atom in the case of solid
polyhedra, will be shown as ellipsoids.

The central-ligand and ligand-ligand"bonds", if used, must be added to the bond list
during calculation, so changesin this option may require Recalculation, rather than just

replot.

3.2.3.12 3D General
Dialog Box: 3D General [ Input2 Menu |

In the 3D drawing mode, crystal edges (Crystal Edges and Faces dialog), structure axes
(Crystal Axesdialog) or unit-cell edges (Unit Cell dialog) may either be linesor
cylinders. If they are lines, the width isset in the Line Widthsdialog (Input2 menu).
Rimsof atoms and bonds and edges of polyhedraare never shown, so the relevant values
are for edges (which include axes and unit cell) and bonds (whichinclude skeletal bonds.
Width of linesin VRML filescannot be controlled. Wide linesin 3D generally do not
look good, so if width isto be more than one pixel, cylinders are better.

Spheres (atoms) and cylinders(bonds or vectors) are actually drawn as assemblagesof
planar polygons, the number of whichis determined by the Subdivisions... setting
(below).

If the Thermal elipsoids box ischecked, and if temperature factor data have been
entered, atomswill be shown as ellipsoidsin the 3D DisplayMode. Some of the
parametersin the Ellipsoid Parametersdialog may need to be adjusted - seethat dialog
for further details.

Subdivisions per quadrant... Spheres or ellipsoids(atoms) and cylinders(bonds or
other lines) are drawn as assemblages of flat faces, and this parameter determinesthe
finenessof the subdivisions. The default value of 5 may need to be increased for very
large atoms. Thisparameter replaces the Slicesand Stacks parameters inV4.0 of
ATOMS - in V4.0 files, values of Subdivisions will be obtained from the sphere Slices
number. The Slicesfor spheresand cylinders number is4 times the Subdivisions, and
Stacks for spheresis 2 timesthe Subdivisions. Cylindershave only one stack. Ellipsoids
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are distorted spheres (it could also be said that spheresare special ellipsoids) and they use
the same subdivisionparameters.

Bonds between elipsoids, which are drawn in ORTEP style, have either 4 or 8
Subdivisionsper quadrant, according to whether the value entered isless than, or equal to
or greater than 6.

3.2.3.13 3D Light Sources
Dialog Box: 3D Light Sources [ Input2 Menu ]

There may be as many as8 light sources in the 3D drawing mode, and each may have a
different color.

Each light may be either Directional, in which case all rays are parallelin agiven
direction; it may be Positional, in which case all rays emanate from a givenpoint; or it
may be Ambient, in which case the raysbathe all objects uniformly - there is no
directional quality. If thelight isDirectional, the x, y and z coordinates inthe
Position/Direction box givethe direction vector. If the lightis Positional, the
coordinates give the location of the light source, in Angstromsin the Observer coordinate
system. Ambientlight isneither directiona or positional and these coordinates are not
used.

There may be only one ambient light.

Each light has only one color. For non-ambient lights, the diffuseand specular
components have the same color and intensity. The absolute valuesof the RGB
components determine the intensity of thelight - for example, 0.2, 0.2, 0.2 givesa white
light of one/fifth the maximumintensity.

Sincethe colors and Material properties for each atom, etc. are specifiedindividually,the
Ambient, Diffuse and Specular Colors should normally be white (1.0, 1.0, 1.0).

However, they can be changed for specia effectsor to correct color distortionsin display
or output devices.

The color of a given object isthe resultant of the colors of the various lights, the color

specifiedfor the object itself in the dialogs of the Inputl and I nput2 menus, and the
Material coefficients. See Lighting Equation for details.

Attenuation. The incident intensity froma light source isitself subject to attenuation
according to the equation

li= 1i(0)/ (Kc+Kld+Kgd2)
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Where d isthe distance of the point in question from the (positional) light and K¢, K| and
Kq arethe constant, linear and quadr atic attenuation coefficentsrespectively. Constant
attenuation is essentially a brightness coefficient. Valueslarger than 1.0 smply darken
the scene. Vaues smaller than 1.0 may add a white component and/or increasethe
specular contribution. Linear and quadratic attenuation apply only to Positiona lights.

3.2.3.14 3D Fog
Dialog Box: 3D Fog (Fading) [ Input2 Menu ]

Fog in the 3D drawing mode is similarto fading (Shading dialog) inthe Standard
drawing mode - it contributes to the illusionof depth by changing the color as afunction
of distance fromtheeye. It blendsthe specified foreground color for the atom, bond or
other object with the given background or other specified color, on apixel-by-pixel basis.

This can be according to one of three equations, selected with the radio buttons in the
upper left of the dialog.

Linear: f=(end - 2) / (end - start)
Exp: f = exp[-density * Z]
Exp2: f = exp[(-density * z) 2]

where z isthe distance from the eye and f isthe fraction of theinitia color, the remainder
being the fog color specifiedin the lower part of the dialog. Note that the color inthis
case isspecified by RGB components varyingfrom 0.0 to 1.0 (floating point) rather than
0 to 255.

ATOMS sets the parameters start and end at the foremost and rearmost atoms, or
calculatesthe density, using the specified Fraction of intensity at rear. That is, the
foremost atom will alwayshave the pure (non-fogged) color (f = 1.0), and the rearmost
atom will have the specifiedfraction (f) of the pure color and the remainder the fog color.

For example, if the rearmost atom isto blend into the background, i.e. disappear, set the
Fraction of intensity at rear at 0.0 and check the Use background radio button. If the
fog color isnot the current background (Background Color dialog, Input2 Menu), it will
usually be black (0.0, 0.0, 0.0).

Fog or fading may also be referred to as depth-cueing.

3.2.3.15 3D Material Properties
Dialog Box: 3D Material Properties [ Input2 Menu ]
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In the 3D drawing modethe material properties of objects determine the way the objects
interact with the light sources.

The color observed at agiven pointis aresultant of thelight source(s) (3D Lighting) and
the material properties, that is, the RGB coefficientsof the Ambient, Diffuseand
Specular components of the light source(s) are multipliedby the specifiedcolors of the
objects, and by the material coefficientsin this dialog, then theresults arelimited to the
range 0.0-1.0. See Lighting Equation for details.

Ambient light has no direction or origin and is considered to bathe al objects uniformly.
Having a significant ambient component causes non-illuminated parts of objects to be
other than black. It thus "softens' the illuminationin a somewhat similarway to the
Darkest Shade and Dar kness Angle parameters (Shading dialog) inthe Standard
display mode. Note that there must be a separate ambientlight to show this component.

Diffuse color is usually the main component of the appearance of objects. The intensity
of the color isdependent on the angle between the light ray and the normal to the surface
in question.

Specular reflection only occurs when the normal to the surface in question is closeto
bi secting the angle between the incident light and the vector from the point on the surface
to the eye. It produces bright highlightson a curved surface. Thelarger the

Shininess coefficient, the smaller will be the bright specular highlight on a curved
surface. The shininesscoefficient has amaximum of 128 because of computational
restrictions, but valueson the order of 5-30 are usually redlistic.

In ATOMS, specular reflectionisawayswhite, that isit does not depend on the color of
the object, only the color of the light source(s). Specular reflection does not work well
for polyhedra because faces at the reflection anglewill give an essentially solid white
appearance, rather than abright spot. Thisisbecause the angleis calculatedfor the
corners of the face, and interpolated for each point in the interior of the face.

When thermal ellipsoidsare shown in the 3D mode (see Ellipsoid Parameters), the
material parameters used for both the cutout octant and the principal-planebands are
those for polyhedra- thisis to avoid distracting specular reflections from large flat
surfaces.

Emission is similarto ambient, except that there isno dependence on the color of any
light source. A highvalueof emission makesan object look likeisis glowing.
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3.2.3.16 3D Polyhedra
Dialog Box: 3D Polyhedra [ Input2 Menu ]

This dialog specifies some special ways of displayingpolyhedrainthe 3D display mode
whichare not availablein non-3D modes.

The Polyhedron Mode can be:

1) Completely opaque. Thisissimilarto Standard display mode (but edges cannot be
shown);

2) Skeletal, no bonds or 3) Skeletal, with bonds. The skeletal modes show the ligand-
ligand bonds or polyhedral edges, with the central atom as a sphere.

4) Tranducent, no bonds or 5) Translucent, with bonds. The polyhedron faces may
all betranducent, inwhich case objects behind show through, or you may check the Back
faces opaque box, in which case the interior may be seen, but nothing behind the
polyhedron. Complete translucency may be confusingif there are many polyhedra, i.e.
polyhedra behind polyhedra.

Translucency may increase computation time. Support for translucency may depend on
the platformand output mode. VRML filesdo not support Back faces opaque.
Viewers for these filesmay not support translucency.

The Opacity (1.0-transmission) for the transucent modes may be specified, but again
system software and file viewers may not support acomplete range.

Ligands may be shown as spheres, or only as intersections of the ligand-ligand bonds.

Planar polyhedra are shown as plates with afinitethickness, with or without the central
atom.

3.2.3.17 Initial Orientation
Dialog Box: Initial Orientation [ Input2 Menu ]

Any initial Cartesian rotations specified here will be be applied to the x, y and z structure
Cartesian axes (see section 1V-4) in that order after the atoms are located and boundaries
determined and before the structure isfirst displayed. If initial clinographic viewingisin
effect, the clinographicrotations are applied after theseinitial rotations.

If the Clinographic viewing box is checked, the clinographicrotation (see
Coordinate Systems) will be applied at the end of the calculation, after any initial
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Cartesian rotations. It may be turned off with the Clinographic Viewingcommand inthe
Rotation menu (or the ClinographicViewingcommand inthe Display menu).

When exiting, ATOMS checks to seeif the orientation has changed from the initial
orientation defined inthisdialog. If so, you havethe option of savingthe current
orientation. This orientation will be converted intoinitial rotations on x, y and z, plus
initial clinographic viewingif that isineffect.

Summary of orientation operations. ATOMS first setsthe ¢ structure axisparallel to the
z viewer axis, and the a * structure axis(perpendicular tob and c) parallel to x. Thisis
the original orientation. Next, if the Slice boundary option isin effect, the diceis
oriented with the sliceplaneparallel to yz, and the orientation vector parallel to z. Then
the initial Cartesian rotations, if any, are applied. Finally,the clinographicrotations, if
selected, are applied. Thisistheinitial orientation.

3.2.3.18 Scaling
Dialog Box: Scaling [ Input2 Menu ]

Scaling and displacement operations do not apply to the actual values of atom and corner
coordinates and face coefficients, which are permanently set (in Angstroms) by axis
lengths and fractional coordinates and the central distances of the faces. Rescaling and
displacement apply only to the plotting coordinates in screen, dot-matrix or pen-plotter

displays.
Scale mode There are three modes of scaling:

----Maximize sizefor each view. Inthismode, the structure is scaled in each orientation
so that it isjust smaller than the viewingarea. The actual scalewill therefore change
whenever the structure is rotated. Hard copy isscaled the same way and what you seeis
essentially what you get. Note that the Rescale factor (below) is now applied - this has
the effect of reducing or enlarging the size of the viewingarea asused for determiningthe
scaling.

----Universal maximum. Inthismode, the structure is scaled so that its maximum
dimensionisjust smaller than the minimum dimensionof the plotting areas; thus,
rotations can be made without changing the scale and without going out of bounds.
Again, hard copy is scaled the sameway and what you seeis essentiallywhat you get.
Note that the Rescale factor (below) isnow applied - this has the effect of reducing or
enlarging the size of the viewingarea as used for determining the scaling.

----Fixed scalefactors. Thissuboption allows you to set the scale to afixed number of
inches or centimeters per Angstrom for the dot-matrix and/or pen plot, or ssmplyto
reduce or enlargethe imagefrom the automatic scaling modes.
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Rescalefactor. Thisfactor isawaysapplied inthe Maximize size for each view and
Universal maximum modes. When you "zoom" or rescale with the scaling buttons in
the Dialog Bar - Right, this changes the rescale factor (rather than changing to the Fixed
scalemode, asinpre-V4.2 ATOMS).

Scaling for the screen and normal printer output (Print command inthe File menu)
depends on the resolutions (dots per inch or centimeter), which are obtained from the
software drivers for these devices. Resolution for the printer may often bereset inthe
Page Setup dialog inthe File menu. The resolution for the Pen Plotter isset in the
Pen Plotter Settings dialog, and that for a direct PostScript printer isset in the
Postscript Settings in the Settings menu.

The Dialog Bar - Right allows "zooming" or incremental adjustment of the scalefactors
in the Fixed mode, or the Rescale factor in the other modes.

3.2.3.19 Calculation Output
Dialog Box: Calculation Output [ Input2 Menu ]

This output gives informationon the results of the initial calculation, including locations
of all atoms, all faces generated, and atoms involved inbonds and polyhedra. Itis
regenerated every time you use the Calculate command inthe File menu.

Output. Output, if selected, is sent to a filewith title infileATD, whereinfile isthe
nameof the input file. The. ATD filewill be in the same directory as the.STR file (data
directory). You can elect to show thisfileon-screen in aText window, whichisa
standard edit window - see Types of Windows.

Note that the output referredto here givesthe original atom locationswithout any
rotations whatsoever, whilethe List Generated Atoms command inthe File menu gives
current Cartesian atom locations.

Bond lengthsand angles. Bond angles are part of the normal bond output, so inorder
to get angles, you must also check the Bonds box. Y ou havethe option of calculating
the angleson al atoms, or only on one atom of each symmetry-equivalentset (input
atom) which occursin the final atom list. ATOMS will findthe generated atom whichis
closest to the zero point.

Note that angleswill only be calculated for bonds which have been specified for display,
and angles will only be calculated for atoms within the boundaries specifiedin the
Boundary option. Angleswithin polyhedrawill not be calculated. If the boundaries of the
structure are not large enough, you may not get acomplete set of bonds and angleson
any given atom. Specifyingthe Default Unit Cell boundary option will not guarantee that
you get acomplete set, unlessyou select the third suboption in that dialog, which
completes the coordination of all atoms in the unit cell.
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Bond lengths and angles about any input atom can can be obtained immediately with the
Coordination button in the Input Atoms dialog (Inputl menu).

3.2.3.20 Centering/Displacement
Dialog Box: Centering/Displacement [ Input2 Menu ]

Automatic centering will center the structure inthe current viewing area. Thisisdone for
each view, and any displacements entered under Constant Displacements are ignored.

In most cases, the easiest way to scale and position a drawing onto a printed or typed
page isto use the frame options inthe Print command or other options inthe File.
However, the displacementsin this section can be used to position the drawing within the
frame defined in those suboptions.

The displacementsare used only in plotting and are not actually part of the atomic
coordinates. Note that the center of rotation isnot changed by these displacements- that

is, the structure is alwaysrotated about its own zero of coordinates. Thus any desired
rotations should always be made before using displacements.

The Dialog Bar - Right allows centering of the viewingarea on aparticular projection
point inthe structure. Displacementsmade inthat dialogwill affect the displacementsin
this dialog (Centering/Displacement), and may be removed here.

The Set Center button in the Dialog Bar - Right also allows centering of the viewing
area on a particular projection point in the structure.

The Scale Grid command inthe Display menuis useful for showing the actual scaled
location of the structure and in estimating displacements.

For perspective viewing, the projection ismade from a point related to the zero of the
observer coodinate system. If the displacementsin Centering/Displacement are large, it
may be desirableto enter offsets in the Perspective dialog, or to select Automatic
Centering of the projection pointinthat dialog.

Note that the projection point for perspective viewing isindependent of the

Centering/Displacement settings, although this point may also be centered automatically
(see the Perspective diaog).

3.2.3.21 Atom and Bond Plot States
Dialog Box: Atom/Bond Plot States [ Input2 Menu ]

Thisisprimarily intended for restoration of generated atoms that have been marked as
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non-plotting with the Generated Atom Data dialog which comes up when an atom is
identified by clickingwith the mouse pointer inthe Graphics window. However, you can
also select a range of atoms by number to mark for non-plotting. If the end number is
zero, it will be made equal to the start number, i.e. only one atom will be affected.

The I nter molecule/fragment bonds combo box (only displayed if there are bonds
between moleculesor fragments) gives several options for display of inter-molecule or
interfragment bonds. If Highlighted is selected, such bonds are shown in normal colors
whileall other atoms, bonds, etc. aredimmed. Other possible highlightingof molecules
or fragments isignored.

Changesinplot states will only be shown after using the Replot command inthe Display
menu.

See Deleting Atoms and Generated Atom Data.

3.24 Display Menu (Graphics Window)
Replot - Replotsthe image (does not recalculate).

Color - Switches the screen between black-and-white and color.

Atom Labels - Controls automatic labeling of atoms, usinginput labels.

Bond Labels- Controls automatic labeling of bond distances.

Angle Labels- Controls automatic labeling of interbond angles.

Scale Grid - Superimposesa scalegrid for location of the structure or parts thereof.
Mark Atoms - Drawsasmall box at the location of specified types of atoms.

Clinographic Viewing - Switches clinographicviewingon and off.

DialogBar - Left - Thisisacontrol bar whichisfixedon theleft side of theMain
window.

DialogBar - Right - Thisisacontrol bar whichis fixedon the right side of theMain
window. It contains some frequently-used controls.

DialogBar - Fragments - Thiscontrols placement and orientation of individual structure
fragments, if present.

Powder Diffraction - Produces asimulated powder diffractogram or alist of reflections.
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Precession Pattern - Produces asimulated precession photograph of agiven net.

3.24.1 Display Mode Sub-Menu
Sub-Menu - Display Mode [Modes menu]

This sub-menu switches between thefive (or six) types of display supported by ATOMS.
Note that switching between four of the five modes requires only replotting, but switches
involvingthe Thermal Ellipsoidmode requirerecalculation. Whicheverisrequired is
done automatically.

Graphics on either Macintosh or Windows can be either 2D (or non 3D), which use the
standard system software for drawing intwo dimensions; or they can be 3D, which uses
the system software ( OpenGL) for drawing three-dimensional objects. The Standard,
Skeletal, Thermal Ellipsods and Anaglyphmodes are 2D, whilethe 3D, 3DSkeletal and
Cavitiesmodes are 3D.

Standard. Thisisthemaindisplay modein ATOMS, which supports ball-and-stick,
interpenetrating atoms, polyhedraand wire-frame representations, ranging from simple
schematic drawingsto fully-shaded three-dimensional drawings.

Skeletal and 3DSkeletal. Skeletal or wire-framerepresentations can be drawn in either
non-3D or 3D display. The 3DSkeletal mode may be faster on the screen, but because all
3D output is by means of bitmaps printing may be slower. In either mode, there are two
choicesfor the method of representation. Inthe "Bond colors' method, atoms are shown
as small dots, except those in polyhedra; all bonds are shown as lineswith the bond color,
and polyhedraare shown by linesjoining the corners (outlining the faces). In the "Atom
colors' mode there are no dots for atoms, and rather than showing bonds inthe color
specifiedin the Bond Data dialog, they are shown half-and-halfin the two atom colors.
Also, polyhedra are converted to central-ligand bonds and ligand-ligand(corner-corner)
linesare not shown. The choice between thesetwo modes of representation isin the
Preferences dialog inthe Settings menu.

Thermal Ellipsoids. This mode shows thermal ellipsoidsin the style of ORTEP, the
classic plotting program by Carroll K. Johnson. Note that ellipsoid may aso be drawn in
the 3D mode.

3D. Although afully shaded drawing done inthe Standard mode may have ahighly 3-
dimensional appearance, this option, which uses specia system software not availableon
all machines, allows anumber of extra options interms of lighting and material properties
and correctly draws interpenetration of crystal edges, axes and unit cellswith the
structure.  Switching into this mode requires loading the system software, which may take
afew seconds. Thermal ellipsoidsmay be drawn in combination with polyhedra, whichis
not possiblein either the Thermal Ellipsoids or Standard modes.
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Anaglyph Thisisa special type of stereopair display which must be viewed with
colored glasses. Rather than completely separate left- and right-eyeimages, asin the
stereopair option in the other display modes, there are superimposed imagesin two
different colors, red/green, red/blue or red/cyan. The representation isthe sameasin the
Skeletal mode, bond colors option.

Cavities This shows the cavitiesor "open space” in a singleunit cell, using the current
atomic radii. This mode uses the 3D system capabilities- if your system does not support
3D display (e.g. 68K Macintosh or Windows 3.1) the Cavities display modeis not
available.

The choicesin this submenu are also in the Dialog Bar -L eft which iscontrolled fromthe
Display menu.

3.2.4.1.1 Standard Display Mode

Thisisone of the modes which can be selected in the Display Mode submenu inthe
Display menu, or inthe Dialog Bar- L eft.

Thismodeis actually very flexible,and supports representations ranging from very
schematic linedrawingsto fully three-dimensional. The settingsin the Rims, Linewidths
and Shading commandsin the Input2 menu have an especially great influenceon this
mode.

The main aternativeto Standard mode is 3D Display mode, which givesa moreredistic
appearance infull color, but is not generally suitablefor schematic drawings.

3.2.4.1.2 Skeletal and 3DSkeletal Display Modes

There are actually two skeletal drawing modes, Skeletal and 3D Skeletal. The
appearance inthe two modesisvirtualy identical. Evenif you arenot otherwise using
the 3D display mode the 3DSkeletal mode may be preferable in that redrawing may be
faster, sinceit is not necessary to sort drawing objectsback to front. The relative speed
of the two modes may depend on your graphics display hardware.

In either or both of the skeletal drawing modes, there aretwo alternative modes of
skeletal viewing, as selected inthe Preferences dialog (Operation tab) in the Settings

menu.

In the Bond colorsor "old" mode, all atoms are shown as small dots, except those in
polyhedra; all bonds are shown as linesusing bond colors (either fill or edge colors as
selected in the Preferences dialog), and polyhedraare shown by linesjoiningthe corners
(outlining the faces). The linesindicating polyhedron edges use the polyhedron fill
colors.
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In the Atom colorsor "new" mode (new in ATOMS 5.1) the bonds are shown inthe
colors of the two atoms (fill color), half-and-half. Polyhedron edges are not shown;
instead the central-ligand bonds are shown.

During rotation with the mouse cursor, the skeltal mode may optionally be used to
represent the structure while the button isdown - thisis selected in the Preferences
dialog. Ifyou areinthe 3D display mode, 3DSkeletal will be used during rotation.

This drawing mode can be selected in the Display M ode submenu of the Display menu,
the Dialog Bar - Left.

See d so the Anaglyph drawing mode.

3.2.4.1.3 Thermal Ellipsoid Display Mode

In non-3D display, ATOMS shows thermal ellipsoidsin the style of ORTEP, the classic
plotting program by Carroll K. Johnson. Display parameters, controlling the way the
atoms and bonds are drawn, are the sameasin ORTEP. However, the ORTEP plotting
commands, including atom generation, are not used. Atom generation isdone by the
usual Boundary methods of ATOMS, and bonds are set up inthe usual way (Bonds
dialogin the Inputl menu). Bond radii used are the same as those specifiedin the

Bond Data dialog. The ORTEP parameters which actually affect the configuration of the
ellipsoidsand bonds are set in the Ellipsoid Parametersdialog inthe Input2 Menu.

Atoms and bonds are drawn generally from back to front, as in the Standard display
mode, the height of bonds being taken at the midpoint. From V5.1, ATOMShas an
additional algorithm which should eliminatemost inaccuraciesin overlap relationswhich
resulted from strict back-to-front drawing. Thetrue relations will be always be shown in
the 3D display mode

Note that thermal ellipsoidsmay also be shown inthe 3D display mode The option to
show them or not isin the Ellipsoid Parametersdialog, and also the 3D-General dialog
(Input2 menu)

Thermal ellipsoidsin pen-plot or HGPL-fileoutput are not supported at thistime.

Switching between Standard, Skeletal, Thermal-ellipsoid,3D and Anaglyphdisplay
modes is done with (a) the Display Mode sub-menu inthe Display menu; or (b) abox in
the Dialog Bar, which isturned on and off in the Display menu.

Temperature factor data may be entered and edited for individual atoms in the Atom Data
Dialog (Inputl menu), or temperature factors may be read in with the Import File
formats (Filemenu), including the original ORTEP format, or with atom parametersin
free-form style through the Input Atoms dialog (Inputl menu). ATOMS supports al of
the temperature factor types used in ORTEP, although most data published now are of
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type 0 or 8 for anisotropic temperature factors, or 6 for isotropic factors (and also type
10 for isotropic U, whichis not astandard ORTEP type). ATOMS will save temperature
factor data initsdata filesonly if there is at least one atom with non-zero B11 or U1l
coefficient.

When converting to thel nput=Generated mode (Generated to Input command inthe
Transform menu), the temperature factors of all generated atoms are converted to
eigenvectors and eigenvaluesin the Cartesian system and stored in that way instead of as
beta or U coefficients. Therefore, temperature factors cannot be modified once the
conversion has been made. (It would be possibleto modify the valuesin the.STR file, but
it isnot likelythiswould be worth the trouble). The Thermal Ellipsoid mode isnot
supported for multiple structure fragments.

3.2.4.1.4 3D Display mode

This drawing mode can be selected in the Display M ode submenu of the Display menu,
or the Dialog Bar - Léeft.

Although afully-shaded ATOMS drawing in the Standard display mode has an excellent
3-dimensional appearance, the term "3D drawing" is used to denote a method of drawing
whichis differentin several respects. ATOMS uses the OpenGL software package for
both Windows and Macintosh.

In thistype of drawing, the surfaces of three dimensional objects such as spheres and
cylindersare converted to an assemblage of planar polygons. Then each polygonis
drawn essentially independently. The critical differencefrom non-3D modesisthat a
depth buffer isusedin 3D imaging. Thisisan array of integers, one for each pixel inthe
display or output (or that portion which iscurrently being drawn). Each element,
representing a pixel, holds the relativex coordinate (inthe ATOMS observer coordinate
system) of the foremost object or polygon. Thecolor for thisobject is retained in the
color buffer, which isa similararray representing pixels; thisarray is actually theimage
itself. Whenever a polygon isdrawn, each pixel whichit containsis compared against the
depth buffer; if the x coordinate of the pixel isgreater, or closer to the observer than
what isin that element of the depth buffer, the color for this pixel in the new polygon
replaces the valuein the color buffer. That is, the depth buffer keeps track of the front
surface of the drawing, and ensures that only this front surface (not any hidden surfaces)
are kept in the color buffer or image itself. It is also possibleto have transparent or
tranglucent objects, through which hidden surfaces may show partially, by mixingthe
color of the latest object with the color whichis aready in the buffer.

Actually, the "double buffer" method is normally used, the color buffer beingkept inan
area of memory and then copied to the screen memory when the drawing iscompl eted.
Thisisusually faster than drawing directly to the screen.

The non-3D display modes of ATOMSdo not use adepth buffer: the atoms, bonds and
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polyhedraare sorted from back to front and drawn inthat order (except for the Anaglyph
mode). When necessary, theintersections of objects are solved analyticallyand only the
required portions of each are drawn.

Using adepth buffer hasthe advantages that it is not necessary to solve analyticallyfor
intersections, nor to sort the objectswith respect to depth (unless some objectsare
tranducent). Thismay save considerable time, especiallyfor complex drawings, since the
time for sorting tends to increase exponentially with the number of objects. Since
analytical solution of intersections is not necessary, it ispossible to placeessentially any
objects into the drawing. in any location. This overcomes the problem inATOMS non-
3D display modes of sometimes-incorrect drawing of crystal edges or unit-cell edges
whichintersect with atoms, bonds and polyhedra. The 3D method allows more complex
shadingand lightingeffects, such as specular highlightsand multiplelight sources. For a
completely 3-dimensional image, on a computer which has sufficient memory, the 3D
display mode issuperior to the ATOMS Standard display mode.

However, there are disadvantages to the 3D method. The depth buffer may resultin
excessive memory regquirements even for the screen (but some 3D accelerator cards may
have specia memory for the depth buffer). The 3D method is not very suitable for black-
and-white drawings, whichtypically are ssimplified, showing mutual intersections of atoms
with bonds and polyhedraas linesor curves; such intersections simplyare not drawn in
the 3D method.  Both Windows and Macintosh implementationscurrently have some
severelimitationsin termsof printing. It is necessary to draw each imageinto abitmap
and then copy that bitmap to the printer. Because printers have much higher resolution
than the screen, this causes even higher memory requirements, and for reasonable sized
printed drawingsit isusually necessary to do the printing in bands or segments.

The 3D Display mode itself isfor drawing atoms, bonds and polyhedra as three-
dimensional objects. The same system software is also used for the 3DSkeletal mode and
the Cavitiesmode. During rotation using the mouse when in 3D Display mode, the
drawing mode may optionally be switched to 3DSkeletal while the mouse button is
down. Thisiscontrolled inthe Preferences dialog inthe Settings menu.

3.2.4.1.5 Anaglyph drawing mode

This drawing mode, selected inthe Display Mode command inthe Display menu or the
Dialog Bar - Left, isatype of stereopair display. Rather than using separated images, as
in the Stereopairs option in the other display modes, the two images are superimposed,
but each isin adifferent color - either red/green, red/blueor red/cyan. Theonly type of
display which iscurrently supported isthe same as the Skeletal display mode, that is
atoms are shown as small dots and bonds and polyhedraas lines.

Stereoscopic glasses, with the left lens red and theright lenseither blue or green, are
required to view the image. Such glasses may be purchased where comic books are sold,
among other places.
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The settings for the Anaglyph mode are in the Stereopairs dialog inthe Input2 menu.
Generally red/blue with ablack background works best for the screen, while red/green or
red/cyan with awhite background works best for printed output. The anaglyph mode
seems to work better with asmaller rotation anglethan the separate-image stereopair
mode - for example 1.5 instead of 3 degrees.

For anaglyphsto work properly, the operating systemmust be able to blend pixel colors
in the appropriate way. For example, in printed output, where red and green areas
overlap theresult must be black, not the color of the linewhichwas drawn last. Thisis
not possiblein PostScript, so anaglyphsdo not work properly in PostScript output. In
metafileor PICT (Picture) output, the program which receives the filemay not be able to
interpret the command which sets the blending mode. Color blending does not seem to
work properly for labels.

----Windows only ----

Anaglyphsfor Windows in8-bit (256-color) screen modes are currently not drawn
correctly, becausethe colors are not added correctly for areas of red/green or red/blue
overlap. If possible, switch Windowsto a "true color" (16-, 24- or 32-bit) modeto get a
correct drawing.

---- Macintosn only ----

The Macintosh adds colors correctly even in8-bit screen modes.

3.2.4.1.6 Cauvities Display Mode
Parameters for this display mode are set in the Cavity Parametersdialog, Inputl menu.

This display mode showsthe surface enclosing the centerpoint locations of agiven-sized
particle (sphere) withinthe structure. By setting the particle sizeto zero, you can show
the actual reciprocal of the crystal structure.

There are two steps to the location of thissurface. First (grid calculation), the unit cell is
sampled at the given Grid spacing and Offset, to get the distance to the surface of the
nearest atom. This calculation need not be repeated unlessthe unit cell, atom coordinates
or atom radii, or the Grid spacing or Offset are changed. Second (surface evaluation),
at plot time the surface which outlinesthe given Particle radius (i.e. athree dimensional
contour surface) isdrawn. Multiple unit cellsare drawn by duplicating the surface
segmentsin the central unit cell, whichincreasesdrawing or rendering time, but not grid
calculation or surface location time.

The grid calculation uses the current atom radii (Atoms dialog, Inputl menu).
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Presumably these are full ionic, covalent or van der Waals radii. The radii can all be
changed by afactor with the Atoms-Global dialog (Input2 menu).

Sinceasingle unit cell issampled from 0 to 1, and offsetsand multiplecellsextend in the
positive axis directions, automatic centering should normally be selected in the
Centering/Displacement dialog (Input2 menu).

The calculationsinvolvedin this mode are essentially independent of those involved in the
other display modes. If youwant to switch between Cavities mode and other modes, to
compare the the actual structure with cavities, it may be helpful to set the

Boundary Option and other conditions to match.

When showing asingle unit cell with no offsets, the Boundary should be set to Unit Cell,
0-1inclusive. It isusualy helpful show the unit cell edges with the Axes/Unit Cell
option (Input2 menu). The unit-cell Displacements (button in the Axes/Unit Cell dialog)
should all be set to zero.

When displayingin Cavitiesmode with multipleunit cellsand/or offset unit cells, showing
the actual structure with the same boundaries requires using the Enter Forms boundary
option. Symmetry for the faces should be None, and the bounding faces should be those
of the unit cell, at central distanceswhich are suitablefractions (to take account of
Offsets) and/or multiplesof the d-spacing. The d-spacing isprinted out for each form
after it isentered. If theboundary isinitiallyset up for Unit Cell (previous paragraph),
and then switched to Enter Forms, the appropriate faceswill be entered and the central
distances/d-spacingsgiven. Note that Offsetswill require negative central distances. For
example, if the Cavitiesvolumeis offset by 0.25 on the a-axis, the bounding faces cutting
the a-axis should be (100) at central distance 1.25d and (-100) at -0.25d (whered is d-

spacing).

Note that atoms with small radii have littleinfluenceon the configuration of cavities, and
such atoms can usually be omitted. For example when doing silicates using ionic radii,
silicon atoms may be omitted. Even using covalent or van der Waalsradii the silicon
atoms do not greatly influencethe configuration of cavities. Of course if the Particle
radiusis set to zero, the locations of omitted small atoms may show up as isolated
cavities, but this may be minimizedby setting the Grid spacing to avalue larger than the
small atoms. Thusomitting small atoms improves the speed of the calculationsin two
ways, directly by reducing the number of atoms considered inthe grid calculation step;
and indirectly by allowing larger grid spacing.

Cavities-mode drawings may be saved as VRML Files Rotation of asmall Cavities-
mode drawing may befaster inaVRML viewer thanin ATOMS, primarily becausethe
viewer saves al the individual polygons comprising the surface in memory, and does not
haveto calculate them for each view. However, for large drawings storage of al this
information may cause the viewer to usevirtual memory, which can bring the entire
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process essentially to a halt.

There are two zeolite structures set up for Cavitiesmode in the/SAMPLES sub-folder,

LINDE_L.STR and ZSM5.STR. Open these filesand switch to the Cavities display
mode.

Using Stereopairs (Input2 menu) isusually very helpful in Cavitiesmode.

3.2.4.2 Cursor Mode Sub-Menu
Cursor Mode Submenu [ Display Meny

In Atom 1D (identification) mode, clicking on the left (or only) mouse button will
identify atoms and give bond lengths and angles - see Atoms at Cursor . The cursor inthis
mode isa cross. Clicking and dragging with the right mouse button (Windows) or
control+button (Macintosh) will switchtemporarily (as long as the button is down) to the
the Rotate mode, below.

In Rotation mode, clickingand dragging rotates the structure. In most of the window,
rotation will be around the y and z Cartesian axes, in the plane of the screen. Clicking
and dragging near the left or upper edges will rotate about the z axis, perpendicular to the
screen. Thecursor isa quadruple arrow whenrotating on x and y, and acircular arrow
when rotating on z.

The Cursor Mode can be selected either in the Display menu or the Dialog Bar - Right.

3.24.3 Replot Command

Replot Command [ Display meny
This command redraws the image inthe graphics window which iscurrently active

without recalculation. The active window may be the main graphics window (containing
the structure image), the Powder or Precession diffraction patterns.

Changesinmost itemsin the Input2 Menu can be put into effect with this command
(although these dialogs all have an automatic replot check box). It can aso be used after
some changesin the itemsin the Inputl menu, such as colors and bond radii. For
changes which affect atom locations and atoms involved in bonds and polyhedra, or
changesin thermal elipsoids, use the Calculate command inthe File menu. Changing
atomic radii does not requirerecalculation as long as stick bonds are not changed to
interpenetration or vice-versa

When the Auto button inthe Dialog Bar - Left is checked, replot is automatic whenever
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you click one of the axisrotation buttons.

3.24.4  Color Command
Color Command [Display meny

This switches between full-color and black-and-white screen display (al types of output
such as printing, metafiles, etc. have independent color switches). Screen displayswith
more than 16 colors may show true gray-scalerather than the ditheringwhich isused in
actual black-and-white output. You can set the default or start-up status of thisswitch in
the Preferences dialog inthe Settings menu.

3.245 Atom Labels
Dialog Box: Atom Labels [ Display Menu]

You can show either labelsor generated atom numbers. Thelabelswill use the atomic
labelsentered inthe Revise Atomdialog, up to 6 characters. You can specify fewer
characters with the M ax. lettersitem. The labelswill be stripped of trailing blanks and
centered on the projection of the atomic center, unlessthe Offsets are non-zero.

If the Scale box is checked, in printed output or output to afile, the labelsin that output
will be scaled to approximately the samerelation to the drawingitself as on the screen.
Thisisa very approximate process, and trial-and-error adjustment may still be necessary
to get the desired label sizesin output. The option appliesto al types of |ettering on the
plot, not just atom labels.

If the Background is opaque, each letter will lieon asmall block of the designated color;
this usually makesthe labelseasier to read. Other programs which read ATOMS output
filesmay not be ableto reproduce these opagque blocksin Metafileor PICT filesoutput.
Labelsare not supported for Pen Plot outpuit.

Sequence. The labelsmay be plotted immediately after each atom, or al at once after all
atoms have been plotted. The first usually looks better, but some labelswill usually be
partly or completely obscured.

Use PostScript font. Thisalowsyou to enter acharacter string for PostScript fonts
supported by a PostScript printer if such fonts do not appear in the standard system font
dialog called up by the Font button. This character string usually specifiesthe weight
(normal, bold) and dlant (italic, oblique) of the font, but not the size, whichis specifiedin
the Font dialog. Certain PostScript typefacesare standard, and should be present on
most PostScript printers.

The label positions are correct for stereopairs, and labelsfor central atoms of polyhedra
will appear suspended in the interior of the polyhedra.

© 2002 Shape Software



ATOMS Menus and Dialogs 131

With Atomsto omit, you can elect to omit labelsfor certain classesof atoms, such as
non-plotting atoms (those in incomplete polyhedra, or deleted by the user) whichare
deleted by default.

Individual generated atoms can be omitted or deleted, by clickingon the atom and
unchecking the L abels checkbox inthe Generated Atom Data dialog. Thistype of
deletion is like deleting atoms themsel ves (see Deleting Atoms) - when you save afile, a
list is made of the generated atomsfor which labelsaredeleted. Labelswhich have been
deleted in thisway can all be restored with the Restor e All button in thisdialog. Also,
you can delete all labelswith the Delete All button, then restore selected atoms
individuallywith the Generated Atom Data dialog. Starting with V4.0, the listsof
deleted atoms and labels use a code containing the unit-cell, the symmetry operator etc.,
rather than an arbitrary sequence number, so that changingthe boundary conditionswill
not usually make thelist invalid (although some deleted atoms or labelsmay no longer be
within the boundaries). However, changing the symmetry will make the list invalid.

Use the color options inthis dialog, not the color options inthe Font dialog to set the
color of the letters. Letters are alwayssolid black in black-and-white display or output.
See Input Colors/Patterns/Pens for general aspects of color input.

Note that in 3D display modethe labels have an absolute position in space, includingthe
x (front-back) coordinate. They are arbitrarily plotted a short distance in front of each

atom if the after each sequence isselected. If the after all sequence isselected, they are
drawn in asingle planein front of all atoms.

3.24.6 Bond Labels
Dialog Box: Bond Labels[ Display Mend

Y ou can specify the number of figuresto the right of the decimal with the Decimalsitem.
The labelswill be stripped of trailing blanksand centered on the projection of the center
of the bond (midpoint between atom centers), unlessthe Offsets are non-zero.

If the Background is opaque, each letter will lieon asmall block of the designated color;

this usually makesthe labelseasier to read. Some other programs may not be ableto
reproduce these opaque blocksin Metafilesor PICT filesoutput. Labelsare not

supported for Pen Plot output.

Sequence. The labelsmay be plotted immediately after each atom, or al at once after al
atoms have been plotted. The first usually looks better, but some labelswill usually be
partly or completely obscured. Some offset may be required.

Use PostScript font. Thisalowsyou to enter acharacter string for PostScript fonts
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supported by a PostScript printer if such fonts do not appear in the standard system font
dialog called up by the Font button. This character string usually specifiesthe weight
(normal, bold) and dant (italic, oblique) of the font, but not the size, whichis specifiedin
the Font dialog. Certain PostScript typefacesare standard, and should be present on
most PostScript printers.

If the Scale box is checked, the lettersin thelabelsin printed or fileoutput will be
rescaled to keep the same approximate proportions with respect to atoms, bonds, etc. as
in the screen view.

Use the color options inthisdialog, not the color options inthe Font dialog, to set the
color of the letters. Letters are alwayssolid black in black-and-white display or output.
See Input Colors/Patterns/Pens for genera aspects of color input.

Individual bond labelsmay be "deleted”, or marked for non-plotting, by clickingon the

two atomsin succession and unchecking the Bond L abel box in the
Generated Atom Data dialog. The Show All button in this dialog will restore all bond

labelsto visibility,and the Delete All button will mark them all for non-plotting.

Note that in 3D display modethe labels have an absolute position in space, includingthe
X (front-back) coordinate. They are arbitrarily plotted 0.5 Angstromsin front of the
center of the bonds, but they may till actually intersect or interpenetrate with the bond in
some Cases.

3.2.4.7 Angle Labels
Dialog Box: AngleLabels [ Display Menu]

Anglesare labeledwith their valuesin degrees. A circular arc isdrawn between the two
central-ligand bonds definingthe angle, and the label is drawn over the midpoint of this
arc. Note that thisarc is 3-dimensional,and its projection may not be circular. The radial
position of arc and label are defined with the Fraction of short bond edit box. If this
valueis 0.5, for example, the arc will be drawn half-way out from the central atom to the
atom at the end of the shorter bond.

Anglesare |ocated automatically, from the Specifications (below). Note that the
location is done in the calculation, not plotting, so changing the specificationswill require
Recalculation(Dialog Bar - Left or File menu).

Drawings should be kept simplewhen this option isused, as only alimited number of
anglelabelswill beintelligible. Typicallythis option would be used inconjunction with
the Sphere boundary option, to illustrate the coordination of a singleatom.

The Blank interval causes the bond to start and end short of the actual center lineof the
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bonds. Using thisinterval may improvethe appearance, especialyif stick bonds, instead
of linebonds, are used.

Y ou can specify the number of figures to the right of the decimal with the Decimalsitem.
The labelswill be stripped of trailing blanksand centered on the projection of the
midpoint of the arc, unlessthe Offsets are non-zero.

If the Background is opaque, each letter will lieon asmall block of the designated color;
this usually makesthe labelseasier to read. Some other programs may not be ableto
reproduce these opaque blocksin Metafile or PICT file outpuit.

If the Scale box is checked, the lettersin the labelsin printed or file output will be
rescaled to keep the same approximate proportions with respect to atoms, bonds, etc. as
in the screen view.

The Linewidth givesthe width of the arc, which isalwaysa lineevenin 3D display
mode. Thelinewill havethe same color as theletters; this color can be specifiedin this
dialog. [Macintosh only] Inthe 3D display mode on the Macintosh it isnot possibleto
set linewidths- al linesare one pixel wide.

Use PostScript font. Thisalows you to enter acharacter string for PostScript fonts
supported by a PostScript printer if such fonts do not appear in the standard system font
dialog called up by the Font button. This character string usually specifiesthe weight
(normal, bold) and dant (italic, oblique) of the font, but not the size, whichis specifiedin
the Font dialog. Certain PostScript typefacesare standard, and should be present on
most PostScript printers.

Use the color options inthisdialog, not the color options inthe Font dialog to set the
color of the letters. Letters are alwayssolid black in black-and-white display or output.
See Input Colorsg/Patterns/Pens for general aspects of color input.

Specifications. These are giveninterms of coordination of a singlecentral atom.
Angleswill be found around all atoms of the given Type. The Maximum Angle can be
used to exclude near-180-degree anglesin octahedra, for example. Theanglesare
located at calculation, not plot time, so changing specificationswill require Recal culation
(Dialog Bar - Left or File meny).

"Deleting " angle labels. All angles around the atoms of the specified type(s) will be
located. However, individual angles can be "deleted”, or actually marked for non-
plotting. Thisis done by clicking successively on the three atomsin the order outer-
central-outer. Inthe Generated Atom Data dialog, there then appears an Angle
checkbox. Unchecking will cause non-plotting of the angle. A list of the non-plotting
anglesissaved in the data (.str) file. The Show All button allows restoration of all non-
plotting angles, and the Delete All button marks al anglesfor non-plotting. Individual
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non-plotting angles can be restored by clicking on the atoms and checking the Angle box
in the Generated Atom Data dialog.

Anglelabelsare not supported for Pen Plot output.

Note that in 3D display modethe labelshave an absolute position in space, includingthe
x (front-back) coordinate. They are arbitrarily plotted 0.5 Angstromsin front of the arc,
but they may still actuallyintersect or interpenetrate with the arc in some cases.

3.2.4.8 Scale Grid
Dialog Box: Scale Grid [ Display Mendy

This option allowsyou to locate and size the structure, so that it can be rescaled or
displaced. It will draw asquare grid at the given absolute intervals. The center of
coordinates is shown by a star at the center of the screen, and the current location of the
center of the structure by another star. These two center points differ only if you have
entered displacements or turned on automatic centering with the
Centering/Displacements dialog inthe Input2 menu. The grid is removed only by
replotting with the Grid plotting on box unchecked.

See |nput Colors/Petterns/Pens for general aspects of input

3.249 Mark Atoms

Dialog Box: Mark Atoms [ Display Menu|

Thiswill draw a box of the given size around the center of of each of the selected type of
atom. Thisisespecialy useful in locating atoms whichyou have previously marked as
non-plotting.

See Input Colorg/Patterns/Pens for general aspects of input.

3.2.4.10 Clinographic Viewing
Clinographic Viewing Command [ Display meny

Thisturns clinographicviewing on and off, with automatic replot. See also
Clinographic Viewing in the Rotation menu, which does the same thing without
automatic replot. Set the inital state of clinographicviewinginthe Initial Orientation
dialogin the Input2 menu.

See aso Coordinate Systems.
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3.2.4.11 General Planes
Dialog Box: General Planes[ Display Menu]

3D Display mode only.

Thisalowsinsertion of general planes.

The planes are defined in terms of corners (points) in fractional coordinates on the
structure (crystal) axis system. The points must definea convex planar polygon in

correct order. The planesaretwo-sided, so the sequence 1-2-3-4 isequivaent to 4-3-2-
1.

Complete parallelogram. If thisbox is checked and there are only three points, afourth

point will be added such that side 3-4 will be parallel to 2-1 and 4-1 will be parallel to 3-
2. If the box isnot checked, three points will defineatriangle.

3.2.4.12 General Lines or Cylinders
Dialog Box: General Linesor Cylinders[ Display Menuj

3D Display mode only.
Thisalowsnot only general linesor cylinders, but customized "bonds" to be drawn.

The linesor cylindersare defined interms of two points in fractional coordinates on the
structure (crystal) axis system.

If the Radius is 0.0, lineswill be drawn (if allowed in the particular type of display or
output) - otherwise cylinderswill be drawn.

If you have clicked with the mouse on two atoms (see Identifying (Picking) Atoms, you
have the option, inthe Generated Atom Data dialog, of defininga"bond" between the
current atom and thelast one. Y ou will be referred to this dialog, and the "bond" will be
kept in the list of lines/cylinders,not inthe Bonds dialog in the Inputl menu.

3.2.4.13 Dialog Bar - Left
Dialog Bar - Left

Thisisactually a special type of Control Bar, whichresides on the left side of the Main

window. It can beturned on or off with the Dialog Bar - L eft command inthe Display
menu.

The upper part controls rotation of the structure in simpleways (for more ways to rotate
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or alignthe structure, seethe commandsin the Rotation menu). The current orientation
isshown at thetop. Thea, b and c axis labelsare attached to the positive endsof the
axes, and the part of the axes extending forward (positive x) are drawn with heavier lines.
The rotation buttons below this are for rotation on x, y and z, respectively; positive angle
(clockwise looking outward on the axis) is on theleft, and negative rotation on the right.
The angleof rotation isin the box below the buttons. The initial value of thisangleisset
in the Preferences dialog inthe Settings menu.

If the Auto box is checked, the drawingis replotted immediatelyafter each click on a
rotation button. If itisnot checked, the rotations are accumulated into a matrix, and the
drawing isnot replotted until you click on the Replot button lower in the dialog (or select
Replot from the Display menu).

The buttons beneath A uto duplicate some common commands, al from the File menu
except Replot, which isalso found in the Display menu. You can use Open to start up
ATOMS by reading in afile.

Replot - Replotsthe image (does not recalculate).

Calculate - Reproduce atoms within specified boundaries and locate bonds and
polyhedra

Open - Open anold ATOMS datafile.

Import - Opena crystallographic or molecular data filefrom other sources.
Import - Open a crystallographicor molecular data filefrom other sources.
Save - Savean ATOMS datafile.

Saveas - Savean ATOMS datafilewith anew name
Print - Print out the graphicsimage.

The Combo box at the bottom of the dialog controls the Display mode - this duplicates a

submenuin the Display menu. The options are Standard, Skeletal/3DSkeletal, Ellipsoid,
3D,Anaglyph, and Cavities

3.2.4.13.1 Import File

Dialog Box: Import File [ Dialog Bar - Left ]

This offersa selection of filetypes to import, including CCDC FDAT, SHEL X-93, CIF,
DBWS/LHPM Rietveld, ICSD, ORTEP, XTLVIEW, VIBRAT,PDB, RIETAN, GSAS,
AM MINERAL, FULLPROF and Free-Form.

The boundary option in most cases can either be Default Unit Cell, suboption as selected
with the Default radio button, or Locate Moleculesin Crystal.

Multiple occupancies are not permitted in ATOMS, and when more than one atom is
found to be in the same position (samefractional X, y and z coordinates) the second and
subsequent occurences will be deleted.
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Thereisalimitof 500 input atomsin most cases.

3.2.4.14 Dialog Bar - Right
Dialog Bar - Right

Thisisactually a special type of Control Bar, whichresides on the right side of the Main
window. It can beturned on or off with the Dialog Bar - Right command inthe

Display menu

Cursor Mode. In Atom ID (identification) mode, clickingon the left (or only) mouse
button will identify atoms and give bond lengths and angles - see Atoms at Cursor .

The cursor inthismodeis across. Clicking and dragging with the right mouse button
(Windows) or control+button Macintosh) will switch temporarily (as long as the button is
down) to the the Rotate mode, below.

In Rotate mode, clickingand dragging rotates the structure. In most of the window,
rotation will be around the y and z Cartesian axes, in the plane of the screen. Clicking
and dragging near the left or upper edges will rotate about the z axis, perpendicular to the
screen. Thecursor isa quadruple arrow whenrotating on x and y, and acircular arrow
when rotating on z.

The Clino (clinographic) View checkbox will switch viewingwith the Clinographic
rotations.

The Set Center button definesanew center point - use thisto "focus® or "zero in"on a
specificarea or point inthe plot. After clickingon this button, an dialog informsyou that
the next mouse click in the graphics window will defineanew center point. After
clickingon a point, the drawing will then be displaced so that that point will be at the
center of the viewing area. 1t may be more useful to think of the result as the viewing
area being centered on the point selected. Displacementsset in this way may be changed
in the Centering/Displacement dialog inthe Input2 Menu.

With the Rescale buttons, you can"zoom™ inor out. The actual factor applied is1/(1+x)
for down scaling, and (1+x) for up scaling, where x isthe amount in the edit box
converted from percent to afraction. Inthe Maximize size for each view and Univer sal
maximum modes this changes the Rescale factor , which may be reset manuallyin the
Scaling dialog inthe Input2 menu. When in the Fixed scaling mode, the actual scale
factors for screen, print and pen plot are changed. Thisbehavior is achange from pre-
V5.0 ATOMS, inwhichrescaling aways changed to the Fixed mode.

Orientation buttons. These buttons will actually remove accumulated rotations and
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return to either the original orientation or the initial orientation. They perform the same
functions as the Remove Rotations option in the Rotation menu.

The original orientation meansthe orientation before any rotations, including the
alignment of a sice, and the rotations of the Initial Orientationdialog inthe Input2
menu, have been made. This givesthe standard orientation of the crystal (the first onein
the case of multiple crystals) with respect to the reference Cartesian coordinate system.
The initial orientation isthat attained after the rotations just listed have been made, if
any of themwere actually used. See also Coordinate Systems.

Delete Tool. Thisalows"deleting” (see Deleting Atoms and Atom L abels) groups of
atoms by creating a polygon with themouse. All atoms withinthe projection of the
polygon can be marked for non-plotting.

The Show All button allows immediaterestoration of all atoms marked as non-plotting.
See the Atom/Bond Plot States dialog (Input2 menu) for more options regarding non-
plotting atoms.

The Inter. bonds (inter-molecule bonds) combo box (only displayed if there are bonds
between moleculesor fragments) gives several options for display of inter-molecule or
interfragment bonds. If Highlightedis selected, such bonds are shown innormal colors
while all other atoms, bonds, etc. are dimmed. Other possible highlighting of moleculesor
fragmentsisignored.

3.2.4.15 Dialog Bar - Fragments
Dialog Bar - Fragments

Thisisactually a special type of Control Bar, whichresides on the right side of the main
Graphics window. It can be turned on or off with the Dialog Bar - Fragments command

in the Display menu
Frag (Fragment) This selectsthe fragment to be operated on.

Rotate. Each of the six buttons will rotate the selected fragment about one of the
Cartesian observer axes (see Coordinate Systems) by the angle indegrees entered inthe
edit box below. The arrows inthe lower four buttons indicate motion of the front of the
structure.

Trandate. Pressing the Trandate button will move the selected structure by the
distance in Angstroms entered in the edit box, along one of the Cartesian observer axes
(Cart x, y or z) or one of the structure (crystal) axes (Struct a, b or c) of the main
structure as selected by the radio buttons.

Use anegative distance to move backward aong one of the axes.
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The trandationsin this dialog affect the actual X, y and z coordinates of the atomsand are
thus quite different from the plotting displacementsin the Centering and Displacements
dialogin the Input2 Menu.

Trandationscan be removed in the Trandate Structure Fragment dialog under
Multiple Structuresin the Transform menu. This dialog also allow more complex
trandations.

Rotations made in this dialog can be removed with the Rotate Structure Fragment
dialog, Transform menu.

3.2.4.16 Powder Diffraction
Dialog Box: Powder Diffraction [Display Menu ]

To calculate diffraction, the type numbersfor atoms (Atom Data dialog) must be valid

atomic numbers, or those numbersmodulo 100, or must anyway correlate with the table
of scattering factors in the SCATFAC.DAT fileif you modify that file.

If you select aList, the list will appear ina Text window (see Types of Windows). There
will be alinein thelisting for each crystal form, or symmetry-uniqueset of reflections
(with center of inversion assumed). If there ismore than one wavelength, the 2-theta and
relativeintensity will be listed for each in that line.

If you select aGraph, you may show either Bars or aCurve - the curve will use
Gaussian lineswith the selected full width at half maximum (FWHM). For a curve, the
location of individual reflectionswill be shown as a short bar underneath the curve.

The Linewidth pertains to thewidth of all linesor "pen strokes" in the graph, not the
width of each spectral peak (FWHM).

If the Vertical scalefactor or magnificationis 1.0, the strongest peak will just fill the
plot area. If you want to see more detail in the weaker reflections, this factor can be
increased and the stronger reflections will be truncated.

If the atom records include temperature factors, they will be used. If an atom has no
temperature factor, the B isotropic valuein the Default temperature factor box will be
used. No absorption or extinction corrections are applied.

There are four options for wavelength; averaged K (alpha); separate K (alpha)l and
K(alpha)2; averaged K (alpha) and (separate) K (beta); and a single Specified
wavelength. For the first three options, the X-ray tube target element must be selected
in the Radiation combo box. When two wavelengths are calculated, the bars indicating
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the second (K (alpha)2 or K(beta)) are shown in red on the screen and in color output,
and as a dotted linein black-and-white output.

In the case of K (alpha) and K (beta) the relativeintensity of K(beta) must be specified
(Beta inten.). For unfilteredradiation thisisinthe neighborhood of 0.2. Of course it
will be smaller for filtered radiation.

This option givesonly a semi-quantitative calculation of powder intensity, intended for
purposes of identification. For somewhat more elaborate options, including the ability to
show multiple species, try the program Powder Cell. For highly quantitative
reproduction of powder patterns, there are now many Rietveld programs available(see

Import files).

The results of the Graph option are shown in agraphics windows (see
Types of Windows), and when this window is active, the File menu allowsgraphics
Printing, Raster Filesand Metafilesor PICT files.

For this option to work properly the space-group symbol entered either in the

Space Group from Table or Custom Symmetry option must be valid for a standard
setting. If itisnot, it should be possible to transform to avalid setting using the program
CRY SCON (Shape Software).

NOTE: Many of the samplefilesprovided with ATOMS, especially the Basic Inorganic
structures, are idealized structure types. They may have a unit cell scaled to abond
length of 1.0, or use arbitrary numbersfor types instead of atomic numbers as required
for diffraction. Therefore they will not always give correct diffraction results.

3.2.4.17 Precession Pattern
Dialog Box: Precession Pattern [ Display Menu]

To calculate diffraction, the type numbersfor atoms (Atom Data dialog), or those
numbersmodulo 100, must be valid atomic numbers, or must anyway correlate with the
table of scattering factors inthe SCATFAC.DAT fileif you modify that file.

The Precession angle (mu) and Crystal-Film distance should match those of the real
filmto which comparisonisto be made. The Precession angle determines the extent of
the pattern inreciproca space. If the Fixed Scale option (rather than Fit in Window) is
selected, the pattern will be intrue scale. This can be altered with the Factor, whichis
1.0 by defaullt.

The part of thereciprocal |attice shown isdetermined by the Horizontal axis the Other
axisand the Level. For example, for aOkl pattern with b* horizontal, the Horizontal
axisisb*, theOther axisisc*, andthe Level isO.
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Reflectionsare shown as squares whose areaisproportional to the calculated relative
intensity. The intensitiesare normalized based on the number of e ectronsin the unit cell
(intensity of reflection 000) and the smallest reciprocal lattice spacinginthisnet. The
Intensity factor scalesthe edge length, not area, of the squares (thus it really appliesto
the structure factor).

To reproduce actual X-ray precession photographs, the Do L orentz-polarization box
should be checked. Omittingthe Lp corrections shows the structure factors (squared),
and it also allowsdisplay of theinner region in the upper levels, whichis not recorded in
an actual X-ray pattern. The Lp factor becomesvery large near the inner and outer edges
of the recorded pattern - if the value of this correction isgreater than 10.0, an open
symbol is used rather than a filledone. Such intensitiesare not reliable.

If an atom has no temperature factor, the B(iso) valuein the Default temper atur e factor
edit box will be used. Extinction and absorption are not considered.

Scattering factors used by default are those for neutral atoms from Volume 4 of the
International Tables (1974 edition). Atom type numbers must be atomic numbers, or
must correlate with the order of the entriesin the SCATFAC.DAT file. Thisfilemay be
edited to supply different scattering factors.

If the Show grid box is checked, the reciprocal lattice will be shown asagridinred on
the screen and color output, or as dotted linesinblack-and-white outpuit.

The results of this option are shown in a graphics windows (see Types of Windows), and
when thiswindow isactive, thefilemenu allows graphics Printing Raster Filesand
Metafilesor PICT files.

For this option to work properly the space-group symbol entered either in the

Space Group from Table or Custom Symmetry option must be valid for a standard
setting. If itisnot, it should be possible to transform to avalid setting using the program

CRY SCON (Shape Software).

NOTE: Many of the samplefilesprovided with ATOMS, especially the Basic Inorganic
structures, are idealized structure types. They may have a unit cell scaled to a bond
length of 1.0, or use arbitrary numbersfor types instead of atomic numbers as required
for diffraction. Therefore they will not always give correct diffraction results.

3.25 Rotation Menu (Graphics Window)
Cartesian Axes - Rotate on the viewer or reference axes.

Structure Vector - Rotate on arational structure vector [uvw].
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Clinographic Viewing - Thisturns clinographic viewingon and off, with optional replot

Align Face or Vector - Alignthe structure with a facein the screen or avector
perpendicular to it.

Stereopair Rotations - Used to draw separate left- and right-eye stereopair viewswhen
Shading ison.

Remove Rotations - Removeall rotations made since the calculation or the
Initial Orientation

Current Orientation - Givesthe current orientation of the structure with respect to the
observer coordinate system.

Continuous Rotation - Sets up continuous timed rotation about any of the observer
axes.

Rotation Movie - Writeavideo or moviefileinthe. AVI (Windows) or.MOV
(Macintosh) format.

3.25.1 Rotate on Cartesian Axes
Dialog Box: Rotate on Cartesian Axes [ Rotation menul]

Thisrotates the structure on one of two sets of Cartesian axes. If clinographicviewingis
off, the structure is alwaysrotated about one of the axes belonging to the observer
system: x coming straight out towards the observer, y in the plane of the screen or paper
pointing to the right and z upwards.

Each time you click the Rotate button, a rotation isadded to a master rotation matrix;
the number of suchrotations islisted at the bottom of the dialog box. When you have
finishedrotating, click the Done button and the master rotation matrix is appliedto the
structure. If you click Cancel, no rotations are applied.

3.25.2 Rotate on Structure Vector
Dialog Box: Rotate on Structure Vector [ Rotation Menu]

Thiswill rotate about a rational 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, the rotation direction issimply a vector with the coefficientsu,
v and w in the original moleculeaxisdirections a, b and c. Theindicesor coefficients
refer to a coordinate system fixed with respect to the structure (always rotating with it).
The indicesmust be integers, but thisisnot a bar in practiceto rotation about irrational
vectors, sincethe indicesmay take very large values.
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Each time you click the Rotate button, a rotation isadded to a master rotation matrix;
the number of suchrotations islisted at the bottom of the dialog box. When you have
finishedrotating, click the Done button and the master rotation matrix is appliedto the
structure. If you click Cancel, no rotations are applied.

3.2.5.3 Clinographic Viewing
Dialog Box: Clinographic Viewing [ Rotation Menu]

Thiswill switch on and off the rotations of -18.4 degrees on z and 9.5 degrees on y,
appliedin clinographic display mode. Thisin effect changes the viewpoint of the observer
between the clinographicposition, down the vector [621] referred to the observer
Cartesian axia system, and astraight-on position, down the x axis. Thiscommandis
includedinthe menu for convenience; the same operation is performed by the
Clinographic Viewingcommand inthe Display menu, although choosing that command
alwayscauses a replot.

See d'so Coordinate Systems.

3.2.5.4  Stereopair Rotation
Dialog Box: Stereopair Rotation [ Rotation Menu]

If you want to show a steropair which can fit onto one page, it isusually easiest to draw
it automatically by turning on the stereopair mode with the Stereopairs dialog inthe
Input2 menu. However, you may want to set up and draw each half of the pair
manually, if for example each view is to take up an entire page of output. Thisoption
rotates the structure and the illuminationvector for shading by the requested angle about
the z axis. If you are not using shading, ordinary rotation about z (viewer) will suffice.

The left-eyeview should be rotated clockwise (positive angle): an angleof about +3
degrees isusually satisfactory, athough this may depend on the perspective distance, the
type of viewingdevice, etc. After making a hard copy of this orientation, the rotation
should be negated with the Remove button. Then make a right-eyeview by rotating the
negative of the left-eyevalue; after making the hard-copy, remove therotation again.

3.25.5 Align Face or Vector
Dialog Box: Align Face or Vector [ Rotation Menu]

Thiswill rotate a specified face (hkl) to lieflat in the screen or paper (face-normal parallel
to x observer), or avector (uvw) to be perpendicular to the screen or paper. To dligna
face, itis also necessary to specify avector lyingin the face whichwill be vertical in the
screen or paper (z direction). Conversely, to alignavector, itis necessary to specify a
face, containingthe vector, whose normal will be vertical. If a vector [uvw] liesin a face
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(hkl), the indices satisfy the condition hu + kv + Iw = 0. If clinographic viewingisin
effect, it isturned off whenthe faceis aligned, to ssimplify any subsequent rotations.

You can elect to use the default alignment vector or face, instead of specifyingit. The
default vector will be the intersection 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 algebrais just the same, with
interchange of face and vector.

When dealing with a moleculeor polymer, using a Cartesian axia system, thisrotation
option can be used to obtain aview down agiven vector direction. Usethe vector
alignment option, athough when the structure axes are Cartesian thetwo cases of
aligning aface or avector are identical. After specifyingtheinitial vector or view
direction, if you do not accept the default you must then give another vector, inplace of
the "faceindices’, whichis perpendicular to the first vector, and which isto be vertical (z
direction). If the two vectorsare at right angles, their coefficientsor "indices’ multiplied
together (the vector dot product) should equal zero asin the above condition for avector
lyingin aface.

3.25.6 Remove Rotations
Dialog Box: Remove Rotations [ Rotation Menu]

Thiswill counteract all rotations made by the dialogsin the Rotation menu as well as any
made on-screen with dialogsin the Display menu, and take you back to one of two
settings. Theoriginal orientation means the orientation before any rotations, including
the alignment of a dice, and the rotations of the Initial Orientation dialog inthe Input2
menu, have been made. The initial orientation isthat attained after the rotations just
listed have been made, if any of themwere actually used. See also Coordinate Systems.

Summary of orientation operations. ATOMS first setsthe ¢ structure axisparallel to the
Z viewer axis, and the a * structure axis(perpendicular tob and c) parallel to x. Thisis
the original orientation. Next, if the Slice boundary option isin effect, the dliceis
oriented with the dlice plane parallél to yz, and the orientation vector parallel to z. Then
the initial Cartesian rotations, if any, are applied. Finaly,the clinographicrotations, if
selected, are applied. Thisistheinitial orientation.

3.2.5.7  Current Orientation
Dialog Box: Current Orientation [ Rotation Menu]

This givesthe current orientation of the structure interms of the structure vectors lyingin
the x (reverse view direction) and z (vertical) axes of the Cartesian observer system (see
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Coordinate Systems).

3.25.8 Continuous Rotation
Dialog Box: Continuous Rotation [ Rotation Menu]

This option will rotate the image about any of the three Cartesian observer axes (see
Coordinate Systems), by the givenincrement in degrees.

The Time delay isthedelay after theimage isfinished before redrawing isstarted again.
The timerequired to draw the imageis not includedin this value.

When this option isin effect, the imageis drawn into an off-screen bitmap and then
copied onto the screen (see the Preferences dialog inthe Settings menu), rather than
drawn directly onto the screen. When continuous rotation is halted, the previous mode of
drawing on- or off-screenisrestored. Sound istemporarily turned off.

Pressing any key or mouse button will halt the rotation.

3.25.9 Rotation Movie
Dialog Box - Rotation Movie [ Rotation Menu]

Thiswill write amovieor videofilein.AVI (Windows) or.MOV (Macintosh) format.
Thisfilesconsist of a seriesof bitmap (raster) images.

The structure will berotated from its current attitude about the selected Axis, with the
sdlected Rotation increment, until the sum of rotations exceeds the M aximum
rotation.

A normal motion picture uses 32 Frames per second, but typical computer videos use

lessthan this. In fact, some computers may not be ableto handle 32 frames/secfor large
images.

Note that moviefiles may be very large (many megabytes) even if compressed. For
Macintosh, the compression modeis automatically selected by the System software, and
is supposedly optimal for theresolution (Pixel size) selected. In Windows, you are
presented with a dialog showing the availablecodecs (COmpression-DECompression
algorithms), and you must select one. Findingthe optimal codec may be a matter of trial
and error - performance usually varies with the Pixel size and the actual number of colors
used. Some codecs compress very effectively, but cause degradation of the image-
ATOMS images should usually be compressed with a losslesscompression method. One
codec which hasbeen foundto be good for typical ATOMS imagesisthe Cinepak codec
by Radius.
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See Frames for details of the frame and frame units.

3.2.6 Transform Menu (Graphics Window)

Generated to Input - Convertsto aspecial mode, necessary for dealing with multiple
structure fragments, and for modifyingindividual generated atoms.

Locate Groups - Isolate molecules, polymers or other bonded groups.

Multiple Structures - Generate, read in, or manipulate separate structure fragments.

Remove Crystal Symmetry - Converts to acrystal with no symmetry (space group P1).
Unit-cell contents will be converted to input atoms, retaining cell parameters (as triclinic).
Temperature factors will be converted to isotropic B.

Expand Layers- Expands a crystal structure on certain planes, increasing the length of
the selected axis, creating space near the expansion planes, but leaving the actua
structure withinlayers unchanged.

3.2.6.1 Generated to Input
Dialog Box: Generated to Input [ Transform menu]

This convertsthe generated atoms (i.e., all those generated by the symmetry operations
and tranglations withinthe given boundaries) to input atoms, removes all symmetry and
boundary conditions, and changes to a special operating mode, called "Input=generated".
Thisislike converting the current generated volumeto a moleculewith no symmetry.

This option isrequired before using the Multiple Structures options inthe Transform
menu. It isasoagood ideato use thisoption if you want to delete more than afew
generated atoms (see Deleting Atoms).

Temperature factor data are carried over into the special mode as Cartesian eigenvalues
and vectors rather than U or beta coefficients, but they can no longer be modified.

However, if there is more than one structure fragment temperature factors are not
alowed (they will be deleted).

Orientation radio buttons. Y ou havethe option of returning to the original or standard
orientation before converting, or taking the current orientation as the new "original"
orientation. This orientation will be saved, which wasnot the casein pre-V4.0 ATOMS.

Some of the following checkboxes may not be shown, depending on circumstances.

Convert moleculesto fragments. Thiswill convert moleculesor groups located in
several different ways to individual fragments. If one of the Molecules inCrystal
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boundary options has been chosen, all atoms will be inmolecules, and each molecule will
become afragment. "Molecules’ may be individual atoms, as in CaCO3 structures
(assuming Ca-O bonds are not defined or are marked as intermolecular). If another
boundary option isused, and molecules or groups are subsequently located with the Find
button in the Generated Atom Data dialog (which appears whenyou click on an atom),
or with the Locate Groups dialog inthe Transform menu, there may be atoms which are
not part of moleculesor groups. All these "leftover” atoms will be put into asingle
fragment, in additionto those already located.

Remove non-plotting atoms. Non-plotting atoms are those which have been explicitly
marked as non-plotting, either individuallyor in groups. Atoms in incomplete polyhedra,
which may or may not be shown inthe drawing (Polyhedra dialog, Inputl menu) areina

separate option below.

Keep thermal elipsoids. Thermal ellipsoidsare not alowedin Multiple Structures, so
there is no point in keeping themif additional fragmentsare to be added.

Omit atomsin incomplete polyhedra. Thisincludesall atoms in polyhedrawhichhave
lessthan the specified number of ligands,i.e. areincomplete because of boundary
conditions.

Keep vectors. Atomic vectors are not likelyto be useful in Multiple Structures.

3.2.6.2 Locate Groups
Dialog Box: Locate Groups [Transform Menu]

Thisallowsyou to isolate individual molecules, polymers or other structural groupsina
crystal. You must specify asingle "seed" atom, then all other atoms interconnected to
thisone are located. The interconnectionis by bonds specifiedin the Bonds input, or
polyhedra specifiedin the Polyhedra input inthe Input1l menu. There must be no bonds
(except those marked inter-molecular) from atoms in agroup to atoms outside the group,
nor can polyhedraconnect atoms within and without the group.

If the structure consists of discrete molecules, not polymers, itis usually easier to use one
of the Moleculesin Crystal Boundary options. These will automatically identify any and
all molecules. See Dealing with Molecules, Groups and Fragments for more information
on strategy for dealingwith groups. Note also that ATOMS V5.1 differsfrom previous
versionsin the way groups are identified- several groups can be identifiedand this
identification persists regardless of whether the atoms are marked for non-plotting or not;
and groups may be directly converted to fragmentswith the Generated to Input option
(Transform menu).
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Creation of a structure filefor displayingsuch groups involvesthree steps. Note that the
Find button in the Generated Atom Data dialog (which appears whenyou click on an
atom) is an alternative to step 2 (that is, to thisdialog).

1) Setting theoriginal boundary option. Before exercising the L ocate Groups option,
the moleculesor other groups must be within the boundaries of astructure calculatedin
the usual way. For example, you can use the Default Unit Cell option, suboption -1to 1;
this gives one full unit cell on either side of the origin (for a total of 8 unit cells).

2) Locating the group(s). To do theactual isolation of the group, call on thisdiaog -

L ocate Groupsor use the Find button in the Generated Atom Datadialog. You must
specify aninitial or "seed" atom; this can either be a specific generated atom, or an input
atom. If you use agenerated atom, it will normally be necessary beforehand to use the
on-screen atom-location feature (see Generated Atom Data) or aprint-out from the
List Generated Atoms command inthe File menu to find the number of a suitableatom.
Actually, when using agenerated atom the Find button in the Generated Atom Data
dialogis usually more convenient than using this dialog (Locate Groups). However, this
dialogisthe only way to use an input atom (see the list inthe Input Atoms dialog inthe
Inputl menu, or the List Input dialog inthe File menu). Inthiscase, ATOMS will test
all the generated atomsin the equivalent set derived from that input atom, and findthe
one which isclosest to the origin.

When you clickon OK, ATOMS makes atemporary list of al atomsin each group.

3) Saving the Structure. After you are finishedwith step 2, you are presented with the
Groups Located dialog, whichallows a) restoration of the non-plotting atoms, which
will not undo the process of group location (asin pre-V5.1 ATOMS); b) locating an
additional group; or c) convertingthe generated atoms to input atoms. If you leavethe
dialog without doing any of these things, the molecule(s) can be highlighted or hiddenin
various ways.

Y ou may wish to turn on centering with the Centering/Displacement dialog inthe I nput2
menu if thegroup(s) arenot near theorigin.

The "deletion” of atoms (see Deleting Atoms) or marking for non-plotting, does not
directly affectthe location of groups. That is, if you mark an atom for non-plotting,
neither the atom nor bondsto it are shown in the drawing, but the atom and its bonds stil
exist for the purpose of locating groups. In order to remove atoms and bonds
permanently before locating groups, you must convert Generated to Input (Transform
menu), selecting the option to remove non-plotting atoms. Or you can convert
Generated to Input and then delete the atoms. Then recal culate to reestablish bonds and
polyhedra, and proceed with location of groups.
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3.2.6.3 Groups Located
Dialog Box: Groups Located [Transform Menu]

This dialog appears after you have located one or more groups with the Locate Groups
dialog.

If you click on the Done button, the last and other groups can be displayed in various
ways according to the radio buttons,

---Highlight thelast group - really meansdim all atoms not inthis group.

---Hide all except the last group - atoms not inthelast group selected will be marked
as non-plotting.

---Hide all except groups - atoms not in any group will be marked as non-plotting.

Highlightingand hiding can be reversed with buttons inthe Generated Atoms Data dialog
which appears when you click on an atom.

The Show All button alows restoration of any non-plotting atoms. In pre-V5.1 ATOMS
this would undo the process of group location, but now the atomsin groups are
individuallymarked with the group number.

The Add button allows locating an additional group (back to the Locate Groups dialog).
The Convert button converts generated to input atoms inexactly the sameasin the

Generated to Input command inthe Transform menu. Note that this option now can
convert molecules directly to independent structure fragments.

Seethe Locate Groups dialog for step-by-step instructions on locating groups, and
Dealing with Molecules, Groups and Fragments for general aspects of handlinggroups.

3.2.6.4  Multiple Structures
Dialog Box: Multiple Structures [ Transform Menu]

Multiplestructures fragments can be used to model twinning, epitaxy and certain types of
crystallinedefects, as well as interactions between molecules. Each structure can be
rotated and translated independently; however, there isonly one list of bonds and of
polyhedra, and both are located throughout the structure as a whole.

Thermal dlipsoidsfor multiple structures are not supported; temperature factor
informationislost if you introduce multiple fragments.

Most operations on individual structures are carried out through thisdialog inthe File
menu. However, individua structure fragments can be rotated and tranglated in some
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simplewaysusing the Dialog Bar - Fragments (Display menu).

Before more than one structure can be dealt with, each of the structures concerned must

be transformed to the"Input=generated” mode with the Generated to Input command in
the Transform menu.

The Multiple Structuresdiaog givesa list of the current structure fragments. Thefirst
fragment isalwaysthe main structure. There are two ways to add additional fragments,
the Duplicate button and the Read File button.

If you choose Duplicate, the new fragment will have the same orientation and center
point as the current fragment. You have the option of inverting the current fragment, that
is, negating all the atomic coordinates. All thetypes of the atoms remain the same, and
the listsof bonds and polyhedraare not duplicated. The titleis copied to the new
fragment (thetitle for fragment number 1 isthat of the structure as awhole).

The Read Filebutton callsup the Read Structure Fragment from File dialog. The
Revise button callsup the Revise Structure Fragment dial og.

After duplicating astructure or reading inan additional structure fragment, you must
choose Calculate from the File menuin order to locate bonds and polyhedra. The
Calculation Output dialog inthe Input2 menu alows you to get alisting of only those
bonds and bond angleswhich involve more than one fragment, i.e. inter-fragment bonds.
To get such alist you must have some sort of calculationoutput turned on, and the bond
distancesand/or angles print-outs turned on also.

Y ou can highlight, dim or omit interfragment bondswith a Combo box ineither the
Dialog Bar - Right or the Atom/Bond Plot States dialog (Input2 menu). Individual
fragments can be rotated or moved with DialogBar - Fragments

Note that clickingwith the mouse on an atom inthe drawing on-screen brings up the
Generated Atom Data dialog, whichlists the bond distance to the last atom, and the bond
angleinvolvingthe last three atoms.

3.2.6.5 Read Structure Fragment from File
Dialog Box: Read Structure Fragment from File [Multiple Structures dialog]

The filespecified must be an ATOMS data file (.STR), and this structure must already
have been transformed to the "Input=generated”’ mode with the Generated to | nput
commandin the Transform menu. Structure filesfromold versionsof ATOMS may not
be readable through this option - in thiscase the old filemay be read with the Open
command (File menu) and saved inthe current format.
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Y ou havethe option of inversion, that isnegating al the atomic coordinates. All other
orientation operations can be carried out with rotations after the fileisread in. You have
the option of adding the bond and polyhedraliststo the old ones.

ATOMS can use either standard bonds, defined by specifyingatom typesinthe

Bond Data dialog inthe Input1 menu, or it can use aconnectivity table, which is
obtained only froma CCDC FDAT fileor PDB file- it cannot use both. Thus if the main
(first) structure hasnormal bonds, and the structure read inhas a connectivity table, the
connectivity table will be ignored; and if the main structure has a connectivity table,
normal bonds inthe structure fragment beingread in will beignored. In general, normal
bonds are more flexible,and can be derived automatically (see

Generate Bonds from Atomic Radii).

3.2.6.6 Revise Structure Fragment
Dialog Box: Revise Structure Fragment [Multiple Structures dialog]

Thisgivesthe start and end numbersof the atoms for the current fragment or individual
structure - the atoms are all kept in the same master list. The coordinates, colors, etc. of
individual atoms are revised through the Input Atoms dialog inthe Inputl menu. The
displacement of the current fragment is given in both Cartesian coordinates and
coordinates on the structure axes of the current fragment, and the fragment may be
moved on either set of axes with the Trandlate button. The center point, used for
rotations, isgiven in Cartesian coordinates with respect to the zero or center point of the

aggregate.

The structure which isin memory when you first add a second fragment provides the
overall zero point for translations of individual fragments, and for rotations of the
aggregate with the Rotation menu or the on-screen rotations in the Display menu.
However, it ispossible to rotate the initial fragment, translate it or reset its center point
with the subdialogsunder Multiple Structures so that its center point and/or orientation
are not the same as that of the aggregate.

There are three main types of coordinate systeminvolvedin Multiple Structures dial og:

(1) Fixed or reference Cartesian coordinate systems. These apply to all structures and
have fixed orientations. The main observer or reference system has asimplerelationship
to the screen or paper. When Clinographic Viewingisineffect, rotations can also be
done on the Clinographic axial system, which isanother Cartesian system rotated by a
fixed amount relativeto the reference system (see Coordinate Systems).

(2) The aggregate or overall structure axes coordinate system. Thisistaken originally
from the first or main structure, but if the first structure isindividuallytranslated or
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rotated through sub-dialogsin Multiple Structures dialog, it may not be the same.
Operationsin the Rotation menu apply to this coordinate system.

(3) A structure-axes coordinate system for each individual structure. Tranglationsand
rotations done with sub-dialogsin Multiple Structures dialog may use these coordinate
systems.

Only one set of crystal facesis allowed, and it belongs to the overall structure axes
coordinate system. Thusit is possibleto rotate the first structure out of proper
orientation with the faces. For thisand other reasons, rotating structure fragment number
1 individualyis not usually advisable.

3.2.6.7 Rotate Structure Fragment
Dialog Box: Rotate Structure Fragment [Revise Structure Fragment dialog]

This alowsmuch the same operations as for the overall rotations in the Rotation menu,
except of course that only the atomsin the current fragment are rotated, about itsown
center. The Cartesian Axes, Structure Vector and Align Face/\Vector options call up
dialogswhichare called up from the Rotation menu, but in thiscase only the current
fragment isaffected. The Structure Vector and Align Face/Vector options use the
structure axes belongingto the current fragment. For orienting fragments, especially
crystal structures, the Align Face/Vector option is most useful.

If you click on the Set Default button, the current orientation of this fragment will be the
one which isreturned to with the Remove Previous Rotations button.

3.2.6.8 Translate Structure Fragment
Dialog Box: Trandlate Structure Fragment [ Revise Structure Fragment dialog)]

The locationslisted at the top arethe distancesthe structure has been moved from its
original position, or sincethe last time the Set Current Location as Zer o button has

been used.

Y ou can move the current structure on either its own structure axes or the overall
observer Cartesian axes. Note that the Distance in Angstroms appliesonly to translation
on Cartesian axes; if you use a structure vector, the vector itself must have the proper
length, whichis expressed asfractions of the original structure axes.

If you click on the Set Zer o button, the current location of this fragment will be the one
whichisreturned to with the Remove Previous button.
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3.2.6.9 Reset Rotation Center of Fragment
Dialog Box: Reset Rotation Center of Fragment [Revise Structure Fragment dialog]

This allowsyou to change the observer Cartesian coordinates of the point about which
the fragment is rotated. Thisrotation center isinitiallythe same asthe origin of the
coordinate systemfor thisfragment. If itis changed, the new center will be moved along
with the fragment by any trandlations.

3.2.6.10 Expand Layers
Dialog Box: Expand Layers [Transform Menu|

This option will expand a crystal structure on certain planes, increasing the length of the
selected axis, creating space near the expansion planes, but leaving the actual structure
within layersunchanged.. It operates on input atoms, |eaving the symmetry unchanged.

Any atoms which are exactly on the expansion planes (for example K atoms in amica
structure) will remainon the expansion planes, and thus bonds from these atoms to other
parts of the structure will be lengthened. Bonds connecting structural layers(that is, any
bonds crossing the expansion planes) will aso be lengthened.

The Expansion factor isthe amount by whichthe selected axisisincreased. For
example, if the c-axisis 10.0 Angstroms before conversion, an expansionfactor of 1.5
will change it to 15.0 Angstroms.

Expand on axis. Thisselects theaxisto be lengthened. Fractional coordinates of most
atoms on this axiswill be changed. The other two axes, and fractional coordinates on
these axes, will be unchanged. Thus the structure will be expanded on the principal plane
or unit-cell face which cuts the chosen axis- this plane isnot alwaysperpendicular to the
axis. For exampleif the chosen axisis c, the expansionison the (001) plane.

Number of planes. There are often severa symmetricallyidentical planes cutting the
selected axis. For example, there may be identical mirror planesat 0.0 and 0.5. You
must determine this number from examination of the space-group symmetry.

Expand at zero. There may be a choice of location of the expansionplanes. Normally
thiswill be a choice between the set of planesat fractional coordinate zero (on the
expanded axis) and another set at some rational fractions. For example, if the Number of
planesis 2, there may be aset at 0.0 and 0.5 and another at 0.25 and 0.75. If the
Expand at zero box is checked, the expansionwill be at the first set.

At the moment an arbitrary location of the expansion plane isnot supported, and for low-
symmetry crystals, or those which have a choiceof more than two locations, it may be
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necessary to adjust all coordinates so that the expansionplaneisat zero. If thissituation
is common, support for arbitrary location will be added. Support for expansion planes
other than unit-cell faces could also be added if necessary.

Tolerance. Thisisused to decideif an atom is exactly on the expansionplane, in which
case its coordinate on the expansion axis will not be changed - that is, it will remain
exactly on thisplane. Tolerance isinfractional coordinate units (not Angstroms). If you
want atoms which are exactly on the expansion planeto remainin continuity with the
remainder of the structure, their fractional coordinates on the expansion axisshould be
changed by greater than the tolerance. Usually thiswill result in duplication of the atoms.

3.2.7 Settings Menu (Graphics Window)
The Settings Menu (Graphics Window) is identical to the Settings Menu (Startup Window) .

3.2.8 Window menu

The Window menu lists al the possiblewindows in ATOMS - those which do not
actually exist are greyed out. Select awindow to make it active, or bring it to the front.

When a Text window or either the Powder or Precession graphicswindow is active, the
first item inthe menuisaFont selector. In the Text window, this acts on the entire text
in the window and the font appliesto all Text windows. Thefont for the powder and
precession windows appliesto both windows and to all text, except that the index
lettering inthe Powder window is 0.4 times the size of the lettering for legends.

33 Text Window Menu Bar

Text windows are used for the Listings group inthe File menu of the Graphicswindow,
by the Coordination button in the Input Atoms dialog inthe Input2 menu, and by the
Calculation Output command inthe I nput2 menu - see Types of Windows. They are
standard text or edit windows. To switch to the ATOMS main graphics window, which
has the menusand commands for altering and displayingatomic structure data, use the
Window menu, or click on the Graphics window if itisvisible.

File menu - Thisisastandard File menuwhich pertains only to the special fileswith
extension.ADT named above.

Edit menu - Thismenu hasthe normal text editingcommands, which again pertain only
to the special fileswith extension.ADT.

Window menu - Usethismenuto switch to the ATOMS graphic window for most
operations on ATOMS data sets, and to set the font for the Text windows.
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Help menu - On-linehelp.
3.3.1 File menu (Text Window)

The commandsinthis menu apply only to Text windows, which are generated by the
List... commandsin the File menu of the Graphics window, by the Coordination button
inthe Input Atoms dialog inthe Inputl menu, or by Calculation Output - see

Types of Windows for further explanation.

Close - Closes the Text window, and thefileassociated with it.
Save - Saves the fileassociated with the window.

Save As - Saves the contents of the window to a specified filename.
Print - Prints the contents of the Text window.

Page Setup - Set the page size and select the printer.

Exit - Exits ATOMS.

3.3.1.1 Save command (Text Window)
Save command ( File meny Text windows)

When called from Text windows, this savesthe (text) contents of the current window in
the filewhose name isin the titlebar. The standard ATOMS filesINPUT.ATD,
GENATOMS.ATD, FACES.ATD and TOTALS.ATD are ina subdirectory or subfolder
(Output) to the directory containing the ATOMS program (.EXE) file. They are
overwritten each time you request alist of the corresponding type. Thus if youwant to
save these files, you should probably use the Save As command instead of Save, givethe
filesnew names and put them inthe same directory as the structure data (.STR) file. See
Types of Windows.

3.3.1.2 Save As command (Text Windows)
Save Ascommand ( File menu, Text windows)

When called from Text windows, this savesthe (text) contents of the current window in
the filewhose name isin the titlebar. The standard ATOMS filesINPUT.ATD,
GENATOMS.ATD, FACES.ATD and TOTALS.ATD are ina subdirectory or subfolder
(Output) to the directory containing the ATOMS program (.EXE) file. They are
overwritten each time you request alist of the corresponding type. Thus if youwant to
save these files, you should probably use the Save As command instead of Save, givethe
filesnew names and put them inthe same directory as the structure data (.STR) file. See

Types of Windows.
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To save atext filewith its existingname and directory, use the Save command.

3.3.1.3 Close command (Text Windows)
Close command ( File menu, Text windows)

Use this commandto close the currently active Text window. ATOMS inquiresif you
want to save changesto your data filebefore you closeit. If you close adata set without
saving, youlose all changes made since the last time you saved it.

The standard ATOMS filesINPUT.ATD, GENATOMS.ATD, FACESATD and
TOTALS.ATD arein a subdirectory or subfolder (Output) to the directory containing
the ATOMS program (.EXE) file. They are overwritten eachtime you request alist of
the corresponding type. Thusif you want to save thesefiles, you should probably use the
Save As command, givethe filesnew names and put them in the same directory as the
structure data (.STR) file.

3.3.1.4 Printcommand (Text Windows)
Print command ( File menu, Text windows)

Use this commandto print the contents of a Text window. Thiscommand presents a
Print dialog box, where you may specify the range of pagesto be printed, the number of
copies, the destination printer, and other printer setup options.

3.3.15 Page Setup

This alowssetting of the paper typeor size, the standard orientation (portrait or
landscape) and the paper margins (except Macintosh). Marginswill only be used in
Text Windows.

---Macintosh only ------

Use the Page Margins dialog to set margins.

3.3.1.6 Page Margins
————— Macintosh only----

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

3.3.2 Edit menu (Text Window)
The Edit menu for Text windows offers the usual commands.
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Undo Reverse previous editing operation.

Cut Deletes data from the document and movesiit to the clipboard.
Copy Copies data from the document to the clipboard.

Paste Pastes data fromthe clipboard into the document.

3.3.21 Cutcommand
Cut command (Edit menu)

Use this command to remove the currently selected data from the document and put it on
the clipboard. Thiscommand isunavailableif there is no data currently selected.

Cutting data to the clipboard replaces the contents previously stored there.

3.3.2.2 Paste command
Paste command (Edit menu)

Use this commandto insert a copy of the clipboard contents at the insertion point. This
command is unavailableif the clipboardis empty.

3.3.2.3 Copy command
Copy command (Edit menu)

Use thiscommand to copy selected data onto the clipboard. This command isunavailable
if there isno data currently selected.

Copying data to the clipboard replaces the contents previously stored there.

3.3.24 Undo command
Undo/Can't Undo command (Edit menu)

Use thiscommand to reversethe last editing action, if possible. The name of the
command changes, depending on what the last action was. The Undo command changes
to Can't Undo on the menu if you cannot reverse your last action.

3.33 Window Menu

The Window Menu in Text Windows is identical to the Window Menu in the Graphics Window.
It does have a command for changing the font of all text in the window.
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3.4 Help Menu

The Help menu offersthe following commands, which provide you assistance with this
application:

ATOMS Help Topics. Thisbringsup the Help system. Use the Content, Index or Find
tabsto locate informationon a particular topic.

About. Thisgivesthe version number of ATOMS. For Macintosh, the About dialog is
either in the Applemenu (OS 8/9) or the Applicationmenu (OS X).

3.4.1 About command

About command (Help menu)

Use this command to display the copyright notice and version number of your copy of
ATOMS.

3.5 Identifying (Picking) Atoms
I dentifying (Picking) Atoms

When adrawing is displayedin the ATOMS graphics window, you can identify generated
atoms by clickingwith the mouse. Generated atoms can thus be marked for non-plotting
and later deletion (see Deleting Atoms). If molecules have been located or fragment are
present these are also identified.

A mouse clickisjudged to be"on" agiven atom if itiswithin that atom's radius of its
center point. If the atom in question has zero or negative radius (see the Revise Atom
dialogin the Input1 menu for the significanceof non-positive radii), then the default
radius, set inthe Preferences dialog inthe Settings menu, is used.

The click point may actually be "on" more than one atom; all atoms which project onto
the plane (x = 0) within the specifieddistance of this point are identified, not just the one
whichisvisibleat thispoint. In this case, the Atoms at Cursor dialog comesup, giving a
list of the atoms, from foremost to rearmost. Select the desired atom, and click on the
View/Revise Atom button. Thisbringsup the Generated Atom Data dialog for that
particular atom. If theclick point is only on one atom, the Generated Atom Data dialog
comes up directly. If the click point is not on an atom, you get an aert to this effect.

The atom(s) which have been identified may be marked by outlining with a contrasting
color - seethe Preferencesdialog inthe Settings menu.
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351 Atoms at Cursor

Dialog Box: Atoms at Cursor [click in graphics window]

When adrawing is displayedin the ATOMS graphics window, you can identify generated
atoms by clickingwith the mouse. Generated atoms can thus be marked for non-plotting
and later deletion (see Deleting Atoms). 1f molecules have been located or fragment are
present these are also identified.

A mouse clickisjudged to be "on" agiven atom if itiswithin that atom's radius of its
center point. If the atom in question has zero or negative radius (see the Revise Atom
diadoginthe Inputl menufor the significanceof non-positive radii), then the default
radius, set inthe Preferences dialog inthe Settings menu, is used.

The click point may actually be "on" more than one atom; all atoms which project onto
the plane (x = 0) within the specifieddistance of this point are identified, not just the one
whichisvisibleat thispoint. In thiscase, the Atoms at Cursor dialog comesup, giving a
list of the atoms, from foremost to rearmost. Select the desired atom, and click on the
View/Revise Atom button. This bringsup the Generated Atom Data dialog for that
particular atom. If theclick point isonly on one atom, the Generated Atom Data dialog
comes up directly. If the click point is not on an atom, you get an alert to this effect.

The atom(s) which have been identified may be marked by outlining with a contrasting
color - seethe Preferences dialog inthe Settings menu.

3.5.2 Generated Atom Data

Dialog Box: Generated Atom Data [click in graphics window]
[ Atoms at Cursor dialog]

When adrawing is displayedin the ATOMS graphics window, you can identify generated
atoms by clickingwith the mouse. With this dialog, generated atoms can thus be marked
for non-plotting and later deletion (see Deleting Atoms).  If molecules have been
located or fragment are present these are also identified.

A mouse clickisjudged to be"on" agiven atom if it iswithin that atom's radius of its
center point. If the atom in question has zero or negative radius (see below and the
Revise Atom dialog inthe Input1 menu for the significanceof non-positiveradii), then
the default radius, set inthe Preferences dialog inthe Setting menu, is used.

The click point may actually be "on" more than one atom; all atoms which project onto
the plane (x = 0) within the specifieddistance of this point are identified, not just the one
whichisvisible. In thiscase, the dialog Atoms at Cursor dialog comes up, givinga list
of the atoms, fromforemost to rearmost. Select the desired atom, and click on the
View/Revise Atom button. Thisbringsup the Generated Atom Data dialog for that
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particular atom. If theclick point isonly on one atom, the Generated Atom Data dialog
comesup directly. If the click point is not on an atom, you get an message to this effect.

The atom(s) which have been identified may be marked by outlining with a contrasting
color - seethe Preferences dialog inthe Settings menu.

The label, type and atomic radius listed towards the top of the Generated Atom Data
dialog pertain to the input atoms and cannot be changed here - they are set inthe
Revise Atom dialog inthe I nput1 menu.

The listed Cartesian atomic coordinates are in Angstroms, in the observer Cartesian
system (see 1V-4). Y ou can change these coordinates if youwish, but if ATOMS isinits
normal operating mode this change in position will only be temporary; it appliesto a
generated atom, whichis not saved in the structure file. If the structure is recalculated,
the changes are lost. However, you can make such changes permanent by using the
Generated to Input conversion in the Transform menu. This puts the Input=generated
operating mode into effect, and the changes in atomic coordinates are permanent (if the
fileissaved). When this modeisineffect, input atoms are equivalent to generated atoms.

The fractional atomic coordinates are in the structure axis system. They cannot be
changed directly, but will be changed if the Cartesian coordinates are changed (previous

paragraph).

If the structure has been converted to the Input=generated mode (Generated to Input in
the Transform menu), there isan Edit Input button. This button brings up the

Revise Atom dialog for the current atom. Withthis dialog, you can change the color,
radius, type, etc. of the current atom. Some such changes may require recal culation,
rather than replotting. For example, you can change the color of individual polyhedra.
Set up an additional polyhedron type, identical to a current type except for color and the
type number of the central atom. Then, by clickingon acentral atom, you can change the
color by changing the atom type number.

Use the Mark Atoms command inthe Display menu to mark thelocations of specified
types of atoms, or of atoms whichmay not currently be plotting.

The Atom plot type determines how the atom, and bondsto it, are displayed. Theplot
type isdetermined by the absolute value of aplot code, whichis set by certain input
values and results of the calculation. (thisplot codeis listed with other data on the
generated atoms, with theList Generated Atoms command inthe File menu). The
check box below the plot type may be labeled Plot atom, Plot bonds, Plot Atom and
Bonds or Plot Polyhedron, or it may be absent atogether. Checking or uncheckingthis
box changesthe sign of the plot code; generally positive means plotting and negative
means non-plotting.
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By unchecking the box, you can makethe atom and/or and the bonds to it non-plotting.
This action marks the atom as non-plotting but does not remove it from the generated
atom list. A list of non-plotting generated atomsis saved in the structure file (see
Deleting Atoms). You can cause the non-plotting atoms to be permanently deleted by
exercising the Generated to Input conversion in the Transform menu; this can be done
repeatedly, just for the purpose of deleting atoms.

All atoms marked as non-plotting can be restored, and a specific range of generated
atoms can be either restored or marked non-plotting, with the Atom Plot Status dialog in
the Input2 menu.

The effect of the check boxes depends on the atom plot type. The atomic radius of an
input atom (see the Revise Atom dialog inthe Input1 menu) in part controls the plot
type; if the radiusis positive, the generated atoms derived from thisinput atom are shown
as spheres, if they arenot part of polyhedra. Display (as spheres) of atoms which belong
to incomplete polyhedrais controlled by acheckbox inthe Polyhedradialog (Inputl
menu). Display of polyhedron ligands as spheresis also controlled by a checkbox inthe
Polyhedradialog. If theinput radiusiszero (polyhedron atom), the atom is only shown
if itisacorner of acomplete polyhedron. If the radius isnegative (wire-frame atom), the

atom is never shown as asphere, but its bonds may be shown. The plot codes are derived
asfollows.

Non-plotting atom (plot code 0). These atoms never plot. This code isassigned to
atoms with input radius zero, and which should be either central atoms or ligands of
polyhedra, but which belong to incomplete polyhedra- that is polyhedrawith an
insufficientnumber of ligands or no central atom.

Spherical atom (plot code 1). Thistype isaways shown as asphere. The check box
below Atom plot typeislabelledPlot Atomsand Bonds. Positive (+1) plot code (box
checked) meansthe atom and all bonds to it are plotted, negative (-1) meansthey are not
plotted.

Central atom of polyhedron (plot code 2). Thistype isnever actually shown itself; The
check box below Atom plot typeislabelledPlot Polyhedron. Positive (+2) plot code
(box checked) meansthe entire polyhedron isplotted, negative (-2) meansit is not
plotted. Checking or unchecking not only changesthe sign of the plot code for the
central atom, but also that of al theligands (see next item). This meansthat all the bonds
from spherical or wire-frameatoms (codes 1 and 3) to the ligands become plotting or
non-plotting respectively.

Polyhedron ligand (plot code 3). If the atom input radius is positive, thistype of atom
may be shown as asphere, as controlled by the checkbox in the Polyhedra dialog (Inputl
menu). If the input radius is zero, these atoms may never be shown as spheres, only as
corners of polyhedra. The check box below Atom plot type thus can be labelledeither
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Plot Atom and Bonds or Plot Bonds. Whether the polyhedron as awhole is shown or
not iscontrolled by the central atom (see above). The Plot Atoms/Bonds box controls
all bonds from thisligand to spherical atoms(code 1), ligandsof other polyhedra(code 3)
or wire frame atoms (code 4).

Ligand or wireframe (plot code 4). The check box below Atom plot typeis labelled
Plot Bonds. Thistype of atom isnever plotted itself. However, the Plot bonds check
box isactive and controls whether the atom is visible, sinceit controls all bonds to the
atom.

Atoms in incomplete polyhedra (plot code 5). If the input radius of either the central
atom or ligandsof polyhedrais positive, and an insufficientnumber of atomsis found to
complete the polyhedron (because of boundary conditions), these atoms will be given plot
code 5. The display of such atoms as spheresis controlled by acheck box inthe
Polyhedradialog (Inputl menu). Notethat if input radius of polyhedral atomsis zero,
atoms inincomplete polyhedrawill be given plot code zero, and will never be plotted.
This saves computation time because the bonds to these atoms are not |ocated.

For polyhedron ligands, the Plot Atoms/Bonds check box isgenerally best |eft alone,
except for the case of ligandsshared between polyhedra. Inthiscase, if the Plot
Polyhedron box for the central atom of one of the polyhedra isunchecked, this unchecks
the Plot Atoms/Bonds box for all of itsligands (i.e. changes the plot code from +3 to -
3). If there are non-polyhedron bonds, i.e. bonds froma spherical atom or awire-frame
atom, to a ligand whichis shared between the non-plotting polyhedron and a polyhedron
whichis still plotting, they will not be shown. You can correct this condition, restoring
these bondsto plotting, by checking the Plot Atoms/Bonds box of the shared ligands.
Note that changing the status of the central atom will undo changes of the status of the
ligands.

Deletionsor restorations of atoms and attached bonds with the check boxes does not take
effect immediately,only after replotting of the drawing. Replotting is automatic if the
Replot box is checked; otherwise select the Replot command inthe Display menu.

Label. Thisbox ischecked by default, so that turning on atom labelswith the

Atom L abelsdialog inthe Display menu will produce a label for each atom. Deleting or
omitting labelsissimilar to deleting atoms (see above); it only appliesto generated atoms.
Deleted labels can be restored with the Restor e Deleted button inthe Atom Labels
dialogin the Display menu.

The distanceto the last atom selected with thisdialogis printed out near the bottom, if a
different atom was selected. There will be a Bond L abel checkbox, and unchecking this
box will suppress plotting of thelabel. All labelscan berestored with the Show Al
button inthe Bond Labelsdialog. A list of non-plotting bond labelsis kept inthe data
(.str) file.
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The Bond button can be used to make a custom "bond" between the current atom and
the last one. If you click on this button, you will be shown the

General Lines or Cylindersdialog, and the "bond" thus defined will be kept inthat list,
not inthe Bonds dialog inthe Inputl menu.

The bond angleinvolvingthe last three atoms selected is al so printed out, if three
appropriate atoms have been selected. If thisangle isone of those which satisfy the
specificationsin the Angle Labelsdialog, there will be an Angles checkbox. Unchecking
this box will supress plotting of the angle label. All labelscan be restored with the Show
All button inthe Angle Labelsdialog. A list of non-plotting anglesis kept in the data
(.str) file.

If Atomic Vectors are present and if the structure isInput=generated, the direction may
bereversed with thelnvert Vector button. The drawing must be recalculated, not just
replotted, to seethe reversal.

For Protein Data Bank (PDB) structures, the Protein button will bringup a listingof the
protein-specific attributes of the selected atom.

Molecule/Group options.

If moleculeshave been located or individual structure fragments are present (allowed only
in the Input=generated boundary/operating mode), you can control their display with the
buttons at the bottom of the dialog. Highlight meansthat the selected group appears in
normal colors whileall other atomsare dimmed. Hide meansthat atoms in the group are
marked as non-plotting (see above)

If moleculeshave not been located with one of the Moleculesin Crystal

boundary options, you can locate them with the Find button. Molecules or groups to be
located or isolated must have all their atoms connected by Bondsor Polyhedrg and the
must be no bonds (except those marked as intermolecular in the Bond Data dialog) or
polyhedrainterconnecting molecules. For more information on |locating and manipulating
groups, see Dealing with Molecules, Groups and Fragments, and the Locate Groups
dialog (Transform menu).

3.5.3 Protein Attributes of Atom

Dialog Box: Protein Attributes of Atom [ Revise Atom: Basic Tab)] [
Generated Atom Data]

Thisdialogis used only when the atom data are obtained from a Protein Data Bank
(PDB) file.It givesthe parameters which are specificto protein structures - none of these
parameters are set in ATOMS. See the PDB literature for explanation.
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3.6 Select Color

4

Dialog Box: Select Color [variousdialogs].

Thisdialog allows color selection from the current 16-color palette, and also allows
selection of acustom color. The Custom button callsup a system standard color-picking
dialog.

The red, green and blue values are givenbelow each color box, to the right of the radio
button. These valuesare on ascale of 0-255, as used by Windows.

It isusually best to use one of the 16 colors inthe palette, because 1) the 256-color or 8-
bit display palette isderived from these colors, and shaded atoms, bonds and polyhedra
will be forced to one of these colors anyway at plot time; and 2) display and output are
usually more satisfactory when simple colors, such as those inthe default palette, are
used.

The default colors selectablein this dialog may be changed inthe Palette dialog (Settings
menu).

Reference

Topics here are of general interest or may be referred to in several dialogs.

4.1 Atom Parameter Files

Atom Parameter Files(Free-Form or.inp)

Thistypeof ASCII or text filemay be used in either the |nput Atoms dialog inthe Inputl
menu, or thethe Import option in the File menu (Import Free-Form), to read in atomic
coordinates alone, or to supply complete structure information. ATOMS itself does not
write.inpfiles, but they arewritten 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. Listings of atomic coordinates
from almost any source can be used as the basisof a free-formfile.

All or part of the parameters for each input atom, namely label, fractional coordinates,
type, radius and display colors and pattern numbers, can be readin. You can aso supply
default values for some parameters, so that the parameters neither need to be present on
every lineof the file, nor need to supplied through the dialog.

Except for the TITL line, keywords and actual valuesto beread in should be separated
by spaces or commas, and there should be no spaces withinkeywords or values. Thereis
no need for alignment by column.
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The input filemay contain two overall types of lines; General and crystallographic
information lines; and actual data or atomic parameter lines.

General and crystallographic information lines. These linesshould all precede the
atomic parameter lines. Each lineconsistsof a keyword followed by one or more values
or character constants. The keyword should start in thefirst column and be followed by
at least one space before the actual values. Where more than one valueis calledfor, they
are separated by spaces. All of these linesare optional - when afree-form fileis used for
import (File menu), if any linesare absent, default values will be supplied. When afree-
form fileisread through the Input Atoms dialog inthe Inputl menu, current values are
kept if the corresponding lineisabsent.

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

CELL line. The unit-cell lengthsin Angstroms and the interaxial 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-Maughinor standard International symbol for the space group.
There should be no spacesin the symbol, although there may be underscores (whichare
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 areignored when the symbol is
interpreted. If thisline comes after the SPGP line (or that lineisabsent), the Hall symbol
will be used inthe Space Group Symmetry option.

SYMM lines. These give symmetry operators in "xyz" form, that isin the form in which
the coordinates of the general position are listed in the International Tables for X-Ray
Crystallography. Fractions must be given as integers separated by adash ("1/2", "2/3"),
rather than decimals("0.5", "0.333"). The x, y and z positions must be separated by
commas and there should be no spaces inthe operator. There should be one linefor each
operator. If the space group iscentrosymmetric, only half the operators need be given, if
the originison a center of inversion. If theoriginis not on acenter, all operators must
be given and the space group should be denoted non-centricinthe LATT line. If these
linescome after the SPGP and HALL lines(if present), the Custom Symmetry option will
be used.

LATT line. Thisgivesthe Bravaislattice type (singlecapital character), followed by a
gpace and O if the space group is centrosymmetricor 1ifit is non-centric.

FORM lines. Theselinescontain the three indicesand the central distancefor eachform.
When the fileisread in, you will have the option of using these formsin the Enter Forms
boundary option.
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FACTOR line. A single(floating-point) factor which multipliesall the fractional or
atomic coordinates.

Atomic parameter lines:

The fileshould have al the informationfor each atom, except for temperature factors, on
asinglelinewith 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
commas within fields. The names of fieldsare given in thefollowing incapitas, but in the
actual input they may be lower case; all letters are converted to upper case whenthe line
isreadin.

DEFAULT linessupply 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 ELEMENTS file, using the chemical symbol of the atom whichis
assumed to beinthefirst two characters of the atom label. Seethe further description of
DEFAULT linesand the ELEMENTS filebelow.

FIELDSIlines These linesset up the ATOMS input parameters whichare to beread
from the file, and the order in which they are to beread.. Thisisfollowed by the
keywords giving the order of the fields. The allowed keywords are as follows (INTEGER
fieldsmay not contain adecimal point):

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 valuesfor some of the parameters, as described below.
The characters may be upper or lower case, but they are al converted to upper case after
input. Thisisarequired field.

2) COO - Thisactually denotes three floating-point fieldsgiving the fractional atomic
coordinates for crystals, or the absolute coordinates for molecules. After input, the
coordinates are multiplied by the number inthe FACTOR ling, if thislineis present.
These are required fields.

3) TYP - Thisisthe typewhich isused inlocating bonds and polyhedra. INTEGER

4) RAD - Thisistheradius used when the atom isplotted as a sphere. FLOATING-
POINT

5) RMC - Thisisthe color for the atom rim or edge, interms of three RGB components
0-255. 3 INTEGERS

6) FLC - Thisisthecolor for the atom fill, in termsof three RGB components 0-255. 3
INTEGERS
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7) RMP - Thisisthe pattern number or gray shade used inblack-and-white display or
output. Thisnumber isused only for widelines (see Line Widthy. INTEGER

8) FLP - Thisistheb/w pattern number for fills. Thisisused only if shadingisoff or the
initial pattern number option (Shading) ison. INTEGER

9) PEN - Thisisthe pen number used for atom outlinesin pen plots. INTEGER

10) TFB - Temperature factorsin B or bij (beta) form, types 0 (anisotropic) or 6
(isotropic) in ORTEP. If thiskeyword is present, the temperature factor(s) are present
on a second linefor each atom, in up to sixfields The order is11, 22, 33, 12, 13, 23. If
the second valueis absent or zero, the temperature factor will be read asisotropic. Note
that ATOMS will save temperature factors only if at least one atom has non-zero for the
first vaueor bll.

11) TFU - Temperature factors inU or uijform, for anisotropic type 8 in ORTEP.
Similarto TFB. Isotropic U valueswill be converted to B values (type 6 in ORTEP).

12) VEC - Atomic vectors, e.g. for magnetic spinsor vibrational displacements. If this
keyword ispresent, the vector coefficients are present on a second line, in four fields.
The first three arethe relative components in the structure axes, and the fourth isthe
length. Thelength may be inany units, as a scalefactor is alwaysapplied (see the
Atomic Vectors dialog). Vectors and temperature factors may not both be present.

13) DUM - Thisdesignatesa field (character, integer or floating-point) that existsinthe
input data line, but should beignored by ATOMS.

Note that the actual atom data linesdo not containany keywords. Thekeywords in the
FIELDS linesset up the sequence of parameters ineach data line.

Anexample FIELDS line:
FIELDS DUM LAB COO TYP RAD
Some corresponding data lines:

1C10.1234 0.2345 0.3456 6 1.2
2H20.4321 0.54320.6543 1 0.1

Here the first field, whichis simply a sequence number, must be ignored by ATOMS, and
is designated with a DUM.

Here is an example of some linescopied from an (old) ATOMS.STR file(spindl):

© 2002 Shape Software



168 ATOMS Help

FIELDS DUM LABTYP 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 normallybe a FIELDS lineat the beginningof the atomic parameter lines,
but additional FIELDS lines can be inserted at any point to redefinethe fields. If there is
no FIELDS line, the fieldsare by default; LAB and COO.

In the actua datalines, fieldsdenoted 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 valuesfor fields other than LAB or
COO. DEFAULT must be the first 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. Exampledefault line:

DEFAULT TYP=1 RAD=0.95 FLC=15

There are twelve possible input fieldsfor each input atom, or each linein thefile, plus the
placeholder DUM field. The LAB and COO fieldsare required for each atom and must be
read in fromthe file; the other fieldsare optional. If the latest FIELDS line does not
defineafield for a particular parameter, then the value of the missingparameter is
determined by reading the first two characters of the label (LAB field) and taking the
correspoding valuefrom the ELEMENTS file, as discussed in the next section. However,
valuesgiveninthe latest DEFAULT linetake precedence over any valuesread in or
derived from the ELEMENTS file. You can turn off defaults, thereby accepting the
values on the input atom lineor thevaluesinthe ELEMENTS file, with aline containing
the word DEFAULT and no other keywords.

ELEMENTS files. These filesmay contain alinefor each possibletype of input atom.
Either of two filesmay be used: ELEMENTS.COV, with covaent radii, and
ELEMENTS.ION, with ionicradii - the choice between thetwo is madein the
Preferencesdialog inthe Settings menu.

The ELEMENTS filesmay be modifiedto changethe default parameters. Thefirst field
in each lineis the atomic number or other designated type number. The second field, or
SYM field, consisting of two characters in singlequotes, is usually the normal elemental
symbol. The remaining fieldsgive the default valuesfor theRMC, FLC, RMP, FLP and
PEN parameters. If al fieldsfor each input data lineare either read in with one of the
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fieldsin the FIELDS line, or given valueswithaDEFAULT line, the ELEMENTS fileis
not used. If one or more parameters are missing, then thefirst two characters of theLAB
are matched with the elemental symbol inthe ELEMENTS file. If the TY PE has not been
read in or specifiedwithaDEFAULT line, itistaken to be the atomic number, and other
missing parameters are given values from the proper fieldinthe ELEMENTS file.

4.2 central distance

Central distance. The centra distance for a faceor form (set of symmetry-equivalent
faces) is the perpendicular distancein Angstroms from the center of the structure
coordinates to the face inquestion. Generally, the larger the central distancethe less
prominent (smaller) the faceis.

4.3 Colors, Palettes and Dot Patterns

Color Models.

ATOMS isdesigned to givethe best quality display and output for the most common
types of screen display, printers and plotters. However, because these devices vary
widelyintheir capabilitiesfor displayingcolor, it may be necessary to understand several
different color models. The models are best discussed in terms of the number of bits
used to represent each pixel ina raster or bit-mapped display or output.

1-bit or black-and-white. Thisisused for two-color or black-and-white printing and files
destined to be printed. Each pixelis either off (white) or on (black). For filledareas
dot-patterns with varying percentages of black dots simulate shadesof gray. Every input
atom, bond or polyhedron hasa black-and-whitepattern number for rimand fill. For
raster files, ATOMS supplies the patterns in two series, coarse and fine (see below). For
printer output in Windows, you can select either the ATOMS patterns or the screen-
driver patterns; for Macintosh the ATOMS patterns are alwaysused. Direct PostScript
output usesthe patterns supplied by the output device.

The dot pattern is used for linesonly if widelines (Line Widthsdialogin the Input2
Menu) are selected; if linesare one-dot width, they are black. If atoms, bonds or
polyhedraare not shaded, that is given variablecoloring depending on presumed
illumination, then the pattern number can be used without modificationas a means of
distinguishing different atoms, etc. Generally, if shadingis used, itis best to treat all
atoms, bonds and polyhedra alike, that isshow awhite color (no dithering) at maximum
illumination. However, itis possibleto assignaninitial shade to each type of atom.
(Shading dialog inthe I nput2 menu).

8-hit or 256 color. This may be used by older types of screen displays, and it is often
advantageous for non-3D drawingsin raster files. The 256 colors in thesedisplays(in
Windows minus20 colors set aside for systemuse) may each be set to any admixture of
red, green and blue. ATOMS sets up a256-color palette designed for displayingshaded
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atoms, bonds and polyhedra. It isbased on 16 principal colors, which can be definedin
the Palette dialog inthe Settings menu. See below (Palettes) for further informationon
pal ettes.

15-, 16, 24- or 32-bit or RGB color. Thisis becoming standard for screen displays, and
it isused for Postscript color output and for 16- and 24-bit raster files. One-third of the
availablebits are used to represent each of the color components red, green and blue.
For 24- or 32-hit screen displays, there are virtually no restrictions on colors, and any
colors and shadingsthereof can be rendered faithfully.

In non-3D display modes, for the most part RGB color does not greatly improvethe
quality of ATOMS drawings over 8-bit color. However, it does removerestrictionsin
two areas. (1) Any number of separate colors arevalid for shaded atoms, bonds and
polyhedra, rather than only 15 colorsfor 16 or fewer shading zones, or 7 colors for 32
zones (see under palettesbelow); (2) when front-back fading (Shading dialogin the
Input2 menu) isineffect, the atoms etc. in the rear of the drawing are not restricted to a
few of the darker zones ina shading series, asin 8-hit color.

When generating raster filesof color imagesin non-3D modes, it may advantageous to
use use 8-hit (256-color) rather than RGB (15-bit through 32-bit) color because the files
tend to be much smaller. Thisis because of the smaller number of bitsinthe pixels, but
also because the run-length encoding used in some filetypes does not compress RGB
fileswell.

The 3D mode does not use the ATOMS 256-color palette on 8-bit displays, in either
Windowsor Macintosh. Windows uses a specia palette for this mode and the Macintosh
must use the systemcolor table. Thisoften resultsin dithering, so RGB color should
generally be used for 3D modes.

Printing. The choice between 4-bit (standard VGA), 8-bit (256-color) and 15-32-hit
display may may agreat differencein the appearance on screen, but hard-copy devices
such as printers actually use only a very limitednumber of colors (typically cyan,
magenta, yellow and black, although some inkjet printers may use more by mixinginks),
simulating more complex colors with dithering. Some degradation of color quality from
screen to printed image isto be expected. |If color match of the printed output isvery
poor, check the settings for the printer in the Print dialog.

Palettes.

Although Windows and Macintosh programs can specify colors made up of any
admixture of red, green and blue components, it isgenerally a good idea to use simple
colors whenever possible, to increasethe chances of faithful reproduction on avariety of
display and output devices.
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16-Color Palettes. ATOMS uses aMain Palette composed of 16 colors for two reasons:
to aid in the consistent selection of simplecolors; and to form abasisfor the 256-color
palette used for 8-bit displaysor other devices. The first eight colors in the default Main
pal ette are black, white, red, green and blue, and then the binary combinationsof red,
green and blue which are cyan, magenta (violet) and yellow. The second eight colors are
two shadesof gray, then the binary combinationsof red, green, blue, cyan, magentaand
yellow (these six have no universally-recognizednames). The colorsin this palette are
the same as those in the Alternate palette which isused in the DOS versionsof ATOMS,
but in a different order.

The RGB vauesin both the 16-color palettes can be changed with dialogsin the Settings
menu. You can also save and re-read palette files.

256-Color Palettes. The paletteswhich are used in 256-color screen-display modes are
primarily designed for shading. There are two distinct palettes; the first has 15 principal
colors, eachwith 16 gradations from full intensity to almost black, and isused whenever
the number of atom shading zones (Shading dialog inthe I nput2 menu) is 16 or fewer;
the second has only 7 principal colors, each with 32 gradations from full intensity to
amost black, and is used when the number of atom shading zonesis32.

Thefirstor "16-zone" palette is made up asfollows. The first 15 colors (0-14) start with
full-intensity color number 1 (white), and grade with decreasingintensity to near black;
the second 15 colors (15-29) start with full intensity color number 2, grading to near
black, and so on. When shadingisin effect, ATOMSfindsthe nearest color inthe 16-
color palette to the color selected in theinput for the atoms, bond or polyhedron. Any
shading zone of an atom, bond or polyhedron receivingfull illuminationisgiven thisfull-
intensity color and shaded parts are given colors inthe series of 15 colors derived from
that principal color. The palette defined in thisway actually contains only 225 colors.

In the second or "32-zone" palette, the first 31 colors (0-30) grade from full-intensity
color 1 to near black, the next 31 from full-intensity color 2 to near black and so on,
through color number 7 and its derivatives. When shading isin effect, ATOMS again
"forces" the color to one of those in the 16-color palette, but the choices thistimeare
only colors0-7. As thecolors arearranged in the default palette, thisresultsin changing
colors 8-15 to 0-7 respectively. Actually, colors 0-7 can beregarded as "simplified" or
more basic versionsof colors 8-15. The above shaded colors add up to only 217, so
colors 8-15 areaso added to the palette to be usable for lines and unshaded fills.

Again, if shading isin effect and you are using more than 16 shading zones (Shading
dialogin the Input2 menu), any fill colors for atoms, stick bonds or polyhedrain the
range 8-15 will be automatically "downgraded" to colors 0-7.

All these complexitiesand restrictions pertain only to 8-bit or 256-color display or raster
files. For standard VGA (4-hit) display in Windows, the RGB valuesare sent to the
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display driver, which determinesinits own way what combinationof pixelsto mixto
represent agiven color. Thisis likewisetrue for printer and PostScript output. The RGB
values are also sent directly to 16-, 24- and 32- bit screen displays, which can presumably
render any color without dithering.

Dot Patternsfor Black-and-White Display and Output.

The dot-patterns which are the "colors" for atom, bond and polyhedron fillsand wide
linesin black-and-white printer output (if ATOMS patterns are selected in preference to
those supplied by the printer driver inWindows), and which are also used for shading in
black-and-white raster files, are shown in the diagram below. The patterns comprise two
series of dot-patterns of increasing density with shade numbers0-15; the choice between
them ismade inthe Print or Raster File diaogs (File menu).

The fineseriesis recommended for 9-pin or other low resolution dot-matrix plotting, for
very small drawings done at high resolution, or for raster fileswhich will be shown on a
low-resolution screen. The coarse seriescontains patterns more likethe half-tone
screening used in printing. It isappropriate for gray tones and shadingin high-resolution
dot-matrix plotting. Actualy, for shadingwith 32 zones, there are 32 patterns in the
coarse series, only half of whichare shown in Figure 1V-1. The fineseries has only 16
unique patterns even if the number of shadingzonesis 32, although this could be changed
inthe SCRPTR file(Direct Modification...).

ATOMS has the ability to use macrosopic hachure patterns on both polyhedraand atoms.
In many cases it may be more appropriate to use these patterns to differentiateatoms and
polyhedrathan to use grey shades.
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Fine Coarse

4.4 Colors/Patterns/Pens for Input

In color display or output, lines may be drawn with different colors, and atoms, stick
bonds and polyhedramay be filledwith different colors (except inpen plots, inwhich
atoms, stick bonds and polyhedraare awaysblank or white). In black-and-white display
or output, various dot-patterns, simulating shades of gray, are normally used for fills, and
for linesif they are wide enough.

This section discussesthe common aspects of color/shade input for linesand fills, as
occurs inmany input dialogsin ATOMS. Depending on the type of display and output
involved, any of three different sets of colorsor patterns/shades may be used.
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(a) For color screen displays, printer, Raster, Metafile or PICT output, actual colors are
used. The RGB components, which are numbersranging from zero to 255 can be
directly entered in the edit boxes, but the color ismost easily and reliably selected with
the Select...Color buttons. These bring up the Select Color dialog, presenting the colors
of the current main palette. If the color isbeing selected for a fill,and if shadingfor the
object in question (atom, stick bond or polyhedron) isselected in the Shading dialog in
the Input2 menu, the color chosen hereisthat at maximum (perpendicular) illumination.
If front-to-back fadinghas been selected inthe Shading dialog inthe Input2 menu, the
chosen color isthat for the foremost atom.

For 16-, 24- or 32-bit color screen displaysyou have complete freedom to choose
colors. For 8- or 4-hit color thefill colors of shaded atoms, bonds and polyhedramay be
forced at plot time to one of alimited number of allowed colors. For 8-bit color the
number of colors allowed depends on the number of atom shading zones selected inthe
Shading dialog inthe Input2 menu. See the general section

Colors, Palettes and DotPatterns for further information on palettes for the 8-bit color
mode.

For best results on a wide range of display and output devices, chose the simplestcolors,
whichare firstly colors 0-7 in the default main palette, and secondly colors 8-15

(b) For black-and-white screen displaysand printer, raster or metafileoutput, either true
grays or dot patterns of various densitiesare used. The codes for these shades or
patterns range from O for whiteto 15 for solid black.

The selected pattern isused for fillsif shadingis not in effect. If shadingisin effect,

selected in the Shading dialog inthe Input2 menu, the actual fill patterns shown may
either start at white for maximumillumination, or at the pattern number selected here
depending on the setting of the Use initial patter ns checkbox inthe Shading dialog.

The selected pattern isused for linesonly if the width of thelineis greater than one dot.
The width of various types of linesis set inthe Line Widthsdialog inthe Input2 menu.
Note that rendering of gray-scalefor linesin black-and-white printed output is
determined by the printer driver, not ATOMS. Many printer driversdo not support gray
linesand pattern numbers other than 15 may give either white or black lines.

(c) For pen-plotters the number requested refers to the pen number used in drawing the
lines. For atoms, stick bonds and polyhedra, this refersto the outlines; there are no fills
in pen plots (the interiors of atoms, stick bonds and polyhedraare alwaysblank). These
numbersare not used if the single-pen modeis selected in the Pen Plotter Settings dialog
in the Settings menu.

When changing the red, green and blue values directly inthe edit boxes which appear in
many dialogsinATOMS, the rectangle showing the actual color does not change until
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the focus shiftsfrom the current edit field, that isuntil themouseis clicked in another
place in thedialog.

4.5 Coordinate Systems

Three types of coordinate system are used frequently in ATOMS: the observer Cartesian
system; the natural structure system; and a Clinographic system.

The observer system is fixedwith respect to the display screen or paper of dot-matrix or
pen-plotter copy. The originisat the center of the screen or paper, and the x axis points
directly toward the observer. They axis pointsto the observer'sright and the z axis
vertically, both in the plane of the screen or paper.

The atomic coordinates and the parameters of crystal facesif present are given in terms of
the natural structure axis system, although in the case of molecules this may itself be a
Cartesian system. Once all the atoms and faces have been generated, their coordinates are
converted to Cartesian coordinates. Except for crystals using rhombohedral axes, the
natural c axisisoriginally placed parallel to the observer z axis, and the natural b axisis
alignedin the y-z plane (or in crystallographic terminology the a* axisisparalé to x). If
rhombohedral crystal axes are chosen, the three-fold symmetry axisis parald to z and
the the vertical plane containing the first rhombohedral axisis alignedin the x-z plane.

This conversion definesthe "original" orientation of the structure. After the location of
atoms and faces, and before theinitia display, the orientation may optionally be modified
by the rotations inthe Initial Orientationdialog inthe Input2 menu, by the alignment of a
Sliceof acrystal, and by clinographicrotation, defined in the next paragraph.

Clinographic Viewing. One of the standard methods of drawing crystalsisclinographic
projection, inwhich the crystal isin effect viewed from above and dightlyto theright of
the aaxis, or to be more precise, in towards the center along the vector [621] referred to
cubicor Cartesian axes. If the option for clinographic viewingis chosen, after the faces,
atoms etc. are found, the structure and its associated Cartesian system are rotated -18.4
degrees on the zaxis, then 9.5 degreeson the y axis.

After the drawing appears, additional rotations may be madeeither on (1) specified
vectors inthenatural structure system; (2) the observer Cartesian axes; or (3) if
clinographicviewingison, therotated Cartesianaxes, or clinographic system. The
clinographic system does not rotate with the crystal; it is alwaysrelated to the observer
system by the two rotations given above.

If clinographicviewing isnot on, the clinographicand observer systems have the same
orientation, and if the natural structure system isCartesian or cubic al three systems have
the same orientation.
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Summary of axial systems:

1) Observer Cartesian system Reference system, fixed with respect to the display screen
or paper.

2) Natural or structure system. Fixed with respect to the atomic structure. Atom
coordinates are initially given inthis system. The axes arethe unit-cell edgesin the case
of crystals. Axes may have unequal lengthsand may be at angles of other than 90
degrees.

3) Clinographic system. Only applieswhen clinographic projection or viewingis on.
Axesare those of the observer Cartesian system, but rotated ina certain manner to avoid
astraight-on view of the structure.

If Perspectiveviewingis not selected, the drawing isa direct projection inthe x axis
direction (observer system). If perspective viewingis selected, the atoms are projected
onto the y-z plane from apoint on the x- axis at the specifieddistance in the positive
direction (toward the observer).

In ATOMS, a, band c (or A, B and C) refer to the natural structure axes. Thethree axes
may sometimes have these names although it is conventional in some systems to use al,
a2 and a3 if the axes areequal by symmetry. Theletters x, y and z usually refer to the
observer Cartesian axes. If it isnecessary to refer to the clinographic system, thisis
mentioned explicitly. The fractional atomic coordinates are also referred to asx, y and z,
but these are usually identifiedexplicitly.

Coordinate Systems for Rotations

e

Ed ¥

Ohsetrver Clinographic
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4.6 Dealing with Molecules, Groups and Fragments in Crystals

Atoms has capabilitiesto deal with severa types of atomic groups, whichmay be roughly
separated into three classes.

1) TrueMolecules

It isoften useful to be ableto identify true moleculesin crystals. A "true" molecule has
strong bonds linkingall atoms within it, does not have strong bonds linking its atoms to
other molecules or groups, and is limitedto a constant number of atoms, i.e. it isnot a
polymer.

True moleculeswhich are not to be combined with other structures are most easily dealt
with initially using one of the special MoleculesinCrystals Boundary Options. These
boundary options will identifyall moleculesin the structure regardless of whether or not
they cross the formal unit-cell boundaries, and fill out a specified volume using smple
trandation or crystal facesor a sphere as boundary surfaces, these boundaries being
appliedto the centers of the molecules. Individual molecules can be identified with the
cursor and highlighted or hidden completely (i.e. marked as non-plotting).

Atoms withinmolecules can be connected to each other with bonds or with polyhedra.

Input bond specificationscan be marked as inter-molecular, meaning that they will not be
used in the moleculesearch.

Moleculeslocated with these boundary options cannot be deleted, translated or rotated.
Colors, etc. cannot be changed for molecules as awhole as opposed to individual input
atoms. For thesereasons, and because the molecule-locating algorithmistime
consuming, it is often advantageous to use the Generated to Input conversion (Transform
Menu). Inthisconversion, the symmetry and latticetrandations are essentiallylost, but
the moleculescan be optionally converted to fragments, which can then be duplicated,
trandated, rotated and deleted independently. Molecules which have been marked as
non-plotting may be optionally deleted during the conversion.

2) Polymer groups

Many crystal structures have polymer units which are continuously bonded in one, two or
even three directions (lattice directions). It is often useful to be ableto isolate these units,
whichrequires adifferent approach from true molecules.

Polymer groups in crystalscannot be identifiedin the Moleculesin Crystal Boundary
options because the bondingis continuous. To deal with such groups, it isfirst necessary
to define boundaries for the drawing using one of the boundary options which apply to
individual atoms, not molecules. Then bonded groups can be located individuallyin
either of two ways: with the Find button in the Generated Atom Data dialog which
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comes up whenyou click on an atom in the display; or with the Locate Groups option in
the Transform menu. In either case the unitsidentified are limited to the current
generated atoms, i.e. those withinthe current boundaries, whereas the specia boundary
optionsin 1) above locate complete molecules regardless of the boundaries. That isto
say, in2) groups may be truncated (whichis necessary inthe case of polymers) whereas
in 1) moleculesaways maintaintheir integrity.

Groups identifiedin thisway are not permanent - the groupings disappear when the
structure issaved in afile, dthough if some groups have been hidden, the individual atom
numberswill be saved in the list of non-plotting atoms. Having made the desired
identificationof groups, it may thus be advantageous to use the Generated to |nput
conversion (Transform Menu), converting groups to fragmentswhich arethen saved in
the data (.str) file.

3) Structure fragments

ATOMS can combine portions of completely separate crystalsand/or molecules (termed
fragments). Thisis most commonly used for epitaxy (crystal on crystal or molecule on
crystal), but can also be used for combiningmolecules, for exampleto depict chemical
reactions. These fragments can be duplicated, translated, rotated and deleted
independently.

Fragments can exist only in the Input=Generated boundary/operating mode, which is
attained only by going through the Generated to Input transformation (Transform Menu).
As explained above, moleculesor polymer groups can be converted to fragments, so
fragments can represent 1) molecules, as identifiedwith one of the Moleculesin Crystal
boundary options; 2) polymer (or molecular) groups, as identified with the Find button in
the Generated Atom Data dialog (after clickingon an atom) or with the Locate Groups
option in the Transform menu; 3) completely distinct structures, obtained by reading from
filesor by one of the other options in the Multiple Structures options inthe Transform
menul.

It isnot possibleto identify groups or moleculeswhen inthe Input=Generated mode and
more than one fragment is present. However, al the atoms can be combinedinto one
fragment with the Consolidate option inthe Locate Groups dialog (Transform Menu),
and you can then start over with identification of moleculesor groups. Of course all
moleculesor groups will have to beidentifiedindividually.

Molecules, groups and fragments do not haveto contain more than one atom, nor do they
haveto be electrically neutral. Furthermore, the atoms of fragments are not necessarily
connected by bonding. For example, in structures with cations and anion radicals, for
example CaCO3, using the Moleculesin Crystal boundary options will result ineach Ca
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atom, as well as each CaCO3 group, being identifiedas a molecule. The

Generated to Input transformation would (optionally) convert each of these moleculesto
afragment. On the other hand, if you calculate a CaCO3 crystal using one of the
boundary options for individual atoms, then identify each CO3 group (but not Ca atoms)
and finally use the Generated to Input transformation, all the Ca atomswill be grouped in
one fragment.

4.7 Deleting Atoms and Atom Labels

In ATOMS normal operating mode, there are two types of atoms, input atoms and
generated atoms. Theinput atoms are usually entered and removed inthe the

Input Atoms dialog. The symmetry and lattice trandations, if present, are used to derive
the generated atoms from the input atoms; it isthe generated atomswhich are actually
viewed in adrawing. There are basicallytwo ways of removing specific generated atoms
from the drawing.

If only a few atoms are to be deleted, they can be marked as non-plotting. Clickingwith
the mouse on or near the location of an atom brings up either the Generated Atom Data
dialogor the Atoms at Cursor dialog, inwhich selecting an atom bringsup the first
dialog. Uncheckingthe Plot Atom box will mark the atom as non-plotting. You must
replot to actually cause the atom to be removed from the drawing. When the structure
fileisclosed, alist is made of the non-plotting atoms, whichwill be saved and used the
next timethe structure iscalculated. Starting with V4.0, thelists of deleted atoms and
atom labelsuse a code containing the unit-cell, the symmetry operator etc., rather than an
arbitrary generated-atom sequence number, so that changing the boundary conditionswill
not usually make thelist invalid (although some deleted atoms or labelsmay no longer be
within the boundaries). However, changing the symmetry will make the listinvalid.

When moleculesor fragments are present, the atoms in the entire group can be marked as
plotting or non-plotting.

All atoms marked as non-plotting can be restored, and a specificrange of generated
atoms can be either restored or marked non-plotting, with the Atom/Bond Plot States
diadoginthe Input2 menu.

If many generated atoms are to be deleted, it may be better to changeto the specia
Input=generated operating mode. Thisisdone with the Generated to Input command in
the Transform menu. In this operating mode, all symmetry and boundary conditionsare
removed, and generated atoms are exactly equivalent to input atoms. The individual

atoms can be removed in the Input Atoms dialog. You can click on atoms on the screen
and use the Generated Atom Data dialog to get the number, then deletethem in the
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Input Atoms dialog. Or, you can mark atoms for deletion by unchecking the Plot atom
box as above, then do the Generated to Input command. This command gives you an

opportunity to delete atomswhich are marked as non-plotting. It can be repeated as
many timesas necessary, just for the purpose of deleting atoms inthisway.

Deleting angle labels. Angle labelsare automatically appliedto al groups meetingthe
specificationsin the Angle Labelsdialog (Display menu). Individual anglescan be
deleted (actually, marked as non-plotting) by clickingon the three atomsin succession
(outer-central-outer) and unchecking the Angle box which appears in the

Generated Atom Data dialog.

4.8 Direct Modification of Files

If you modify any data or setup file, be sure never to use tabs.

Data Files. The fileswritten for each structure are of the standard ASCII type. Direct
modification of thesefilesisno longer recommended. However, occasion may arisefor
repairing a damaged file, which can be done with any word- or text-processor or other
program which handles ASCII files.

SCRPTR Setup File. There are now only two types of data in the SCRPTR filewhich
should be modified; the dot-patterns and the SHEL X commands-to-be-ignored.

There are two sets of 32 dot-patterns (fine and coarse), each consisting of 32 linesof 8
numberseach. Each number can range from 0 to 255, with abinary 1 bit representing a
black dot and O representing white (or color in the case of 4-bit raster files). Note that
earlier versonsof ATOMS may have had either 14 (V1.0) or 16 patterns in each series.
The fineseries, which isfirst, contains duplicate lines so that there are only 16 patterns
for shading, even if the number of shading zones isgreater than 16. These patterns could
be modified to give 32 distinct shades, athough it isdoubtful if thiswould greatly
improvethe quality of the image.

Patterns can also be modified to give striations, hachures or other patterns for
distinguishingunshaded atoms. For example, the sequence”111 1111 1" willgive
vertical striations, and the sequence”255 00 000 0 0" will give horizontal striations.
Such patterns should not be used when shading isin effect. ATOMS now hasthe ability
to show macrosopic hachure patterns on polyhedraand atoms, so pixel-scale patterns are
probably unnecessary.

The patterns in the SCRPTR fileare only used for raster-file output, and for standard
printer output (when ATOMS patterns are selected in Windows); they are not used for
the screen.
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At the end of the SCRPTR fileisalist SHEL X commands of four (or fewer) characters
each, whichare to beignored by ATOMS when importing SHEL X files. The list hasten
commands per line, and ispreceeded by the number of commands. If you add commands,
be sure to change the number.

Although the data for the two 16-color palettes isaso inthe SCRPTR file,itiseasiest to
modify palettes with the Main Palette and Conversion Palette dialogsin the Settings
menu, or to prepare filesto be read in with these dialogs.

ELEMENTS files. These files, ELEMENTS.ION and ELEMENTS.COV supply default
types (atomic numbers by default), radii and colors for input atomsread in from an ASCI|
file. Seethe next sectionfor information on modification.

SCATFAC.DAT file. Thisfilecontainsscattering factor data for powder and precession
diffraction. Thedata areby default those for neutral atoms from the International Tables
for X-Ray Crystallography (1974, Vol. 4). The ATOMS type numbers of input atoms are
keyed to the entries inthistable in order of the entries(not by element name). Other
values using the same exponential form, for example different valence states, may be
substituted. The coefficientsare separated by blank spaces and are not confinedto
particular columns.

The first nine coefficientsineach lineare the X-ray scattering factor coefficientsand the
last number is the neutron scattering factor or length.

By default, number 99 inthisfileis used for deuterium (symbol "D") and number 98 is
tritium (symbol "T"). These differ from hydrogen only in the neutron scattering factor.

The atomic type numbers, modulo 100, are used asindicesto thistable. For example 6,
106, 206 etc will all reference the sixth entry (carbon). Thus entries beyond 100 will be
ignored. Any special or temporary entries should generally be placed innumbers 93 to
97.

If you modify any data or setup file, be sure never to use tabs.
4.9 Drawing Crystal and Unit-cell Edges
Drawing Crystal and Unit-cell Edgesand Faces

Non-3D Drawing Modes. Inthe Standard, Skeletal and Thermal Ellipsoid drawing
modes of atoms, all objects in the atomic structure itself, namely atoms, bond and
polyhedra, are sorted with respect to distance from the eye (perspective projection) or
height in the x -coordinate (orthogonal projection). Then the objects are drawn inorder
from back to front. Instead of constructing three-dimensional objectsand then projecting
onto the planeof the drawing, itis possiblein many casesto use simplifiedtwo-
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dimensional objects (e.g. circleinstead of sphere). When objectsare actually in bonding
relationshipthe interpenetrations are solved anaytically,but thisisdone only for certain
cases where the geometry is very restricted; atom-atom, bond-atom where the bond
connects that atom with another; and atom-polyhedron in the case where the atom isa
ligand of the polyhedron. For the atomic structure itself, there isno need to solve for
interpenetration of, for example, a bond with atoms which are not connected by that
bond, or a polyhedron with bonds other than those to its ligands, because such
geometries do not exist.

However, for the linesor cylinderswhich are used to represent the edges of the boundary
polyhedron, or the edges of the unit cell, there are no such restrictions on interpenetration
geometry; such linesor cylindersmay interpenetrate with atoms, bond and polyhedrain

any way.

For pen plots and pen-plot files, which use strictly vector methods of drawing, itis not
possibleto superimpose objects while drawing from back to front, and it is necessary to
solve analyticallyfor overlay relationshipsas well as the same limitedinterpenetration
relationships mentioned in thefirst paragraph. However, this process ismade much faster
by the process of sorting and drawing fromback to front.

For these reasons, the drawing of linesrepresenting the boundary or other crystal shape
(Crystal Formsfor Display) inthe Standard, Skeletal and Thermal Ellipsoid drawing
modes assumesthat there isno interpenetration between these lines and atoms, bond or
polyhedra. The linesrepresenting edges whichwould be hidden if the crystal shape were
opaque ("back" edges) are drawn before the structure; and the linesrepresenting visible
edges ("front" edges) areall drawn after the structure.

Sinceit isnormally necessary to show avolume of acrystal greater than one unit cell,
similar assumptions cannot be made for the specia drawing in the Unit-Cell option in the
Input2 menu. The unit-cell edgesin thisoption arethus all drawn after the structure.
They are intended to show the trandational relationships of the structure, not to delimit
some particular volume.

These simplificationsare primarilyintended to cut down on plotting time; they may be
removed inthe future as processors become faster.

In the Anaglyphdrawing mode, whichat thistime only draws askeletal view inasingle
color for each eye, there isno need to sort or to solve for intersections or overlaysin any

way.

3D Mode. The 3D drawing mode uses acompletely different drawing method. Fully
three-dimensional objectsare drawn in any order, but the height (x-coordinate in the
system used by ATOMS) of each pixel iscompared with the valuein a depth buffer and
the color whichis aready in that pixel is replaced by the color belonging to the new
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object only if the new object is closer to the eyeat that point (i.e. if the new object
overliesall other objects at that point). In thisdrawing mode there isabsolutely no
restriction on interpenetration relations - they are drawn correctly as a matter of course.
Thus unit cellsare drawn in correct 3-dimensional position, not infront of the structure.
Crystal edges are al'so alwaysdrawn in correct position, and interpenetrations are exact.

Crystal and unit-cell faces, that isactual surfaces, may also be drawnin the 3D mode.
Usually thisismost useful if the faces are transparent or translucent. However, full
transparency may not be supported by the system software and/or hardware. Absolutely
correct transparency would require drawing from back to front, and would again
encounter some of the problems discussed above for non-3D drawing modes.

4.10 ELEMENTS Files

Thesefiles provide a table of standard or default parameters for input atoms, namely
atomic display radii, type numbers and colors. Thekey to the elementsinthetableis
through the two-character symbol, normally the standard elemental symbol, whichis
matched to the first two or one characters in the label for the input atom.

The radii may be used when reading in atom parameters from an ASCII fileinthe

Input Atoms dialog (see d'so Atom Parameter Files), or whenimporting adata file
(Import Files popup of the File menu(Startup) or File menu(Graphics)). Note that when
generating bonds automatically (Generate Bonds dialog), by default a different table of
radii is used (from the RADII file), although the atom display radii can optionally be
used.

The singleELEMENTS.DAT in early versionsof ATOMS has been superceded by the
ionic and covalent equivalents, ELEMENTS.ION and ELEMENTS.COV. Oneor the
other of these isused, depending on the setting in the Preferences dialog inthe Settings
menu, or inthe dialogsfor import files. The default versionsof these filesnow contain
fullionic and covalent radii, and whenimporting afileor reading atomic coordinates the
radii values are multipliedby the Factor in the Preferencesdialog inthe Settings menu.

The firstfield in each lineisthe atomic number or other designated type number. The
second field, or SYM field, consisting of two charactersin single quotes, isusually the
normal elemental symbol. The remainingfields give the default valuesfor the rim color
and the fill color (RGB components 0-255, three numbers for each color), the rim and fill
b/w shades (one integer for each, 0-15 for white-black) and pen number. These fields
are the sasmeasthe RMC, FLC, RMP, FLP and PEN parameters asdescribed in

Atom Parameter Files. All thesefieldsarerequired, inthe given order. There isa limit of
150 entries (lines)inthe ELEMENTS files.

Moaodifying the ELEMENTS files. The ELEMENTS filesmay be modified with a word
processor to assign any desired default valuesto the parameters. It may also be necessary
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to do some editing to avoid problemsin interpreting the LAB fieldin terms of elemental
symbols, or to change the elemental symbolsfrom English to other language versions.
Atomic numbers or types may be duplicated; for exampleyou can have alinewith
number 53 and symbol | and also one with symbol J.

ATOMS first attempts to match thefirst two charactersinthe LAB fieldwith two-
character SYMBOLsinthe ELEMENTS file. If no match isfound, then it tries one-
character symbols. For example, it will test the first two charactersin the LAB against
CA, CD, CL, etc., and only then will it test the first character against C (or C). Thusa
carbon atom designated CALPHA would beread as calciumunless the CA lineis
removed from the ELEMENTS file. The label "C-ALPH" would avoid this problem.

If you only work with a l[imitednumber of atom types, it would be best to prepare a
shortened version of the ELEMENTS file, to avoid possible conflictsand to shorten
search times.

If no match isfound inthe ELEMENTS filefor thefirst two charactersof a LAB field,
the valuesfrom thefirst entry inthe fileare used. Thus if you want to assignthe same
default valuesto all atoms, regardless of the LAB field, you can put these valuesina
singlelineand removeall others.

Y ou can use appropriate valuesfor the radius to set up for polyhedral or wire frame
models. For example, if all S and O atoms in asilicate are part of silicatetetrahedra, the
radii for Si and O could be set to 0.0, whichinsuresthat the atoms which are not part of
complete polyhedraare not plotted. Likewisefor wire-frame modelsthe radii can be set
to -1.0, so that only bonds are plotted.

The Factor edit field in the Atomic Radii group inthe Preferencesdiaog (Settings
menu) multipliesthe radii. For ball-and-stick models afactor of about 0.5 isappropriate,
and for interpenetration (space-filling)models a factor considerably larger than one may
berequired.. Also, you can multiply all radii by a given factor with the Atoms - Global
dialogin the Input1l menu.

Blanksinthe SYMBOL fieldinthe ELEMENTS fileare ignored.

ELEMENTS.ION usesionicradius valuesfor the most common ionization state (rare
gases use Van der Waalsradii, and minimumvalues of 0.05 are used for atoms whichare
central atoms of radicals). Theradii are mostly from the tabulation of Shannon and
Prewitt. Note that V4.0 and later of ATOMS usesfull ionicradii, while previous versions
had values of 50% for the radii. ELEMENTS.COV has full values of covaent radii,
mostly from Pauling.
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411 File Types

ATOMS uses several different types of auxiliary files, with different extensions.
Sructure datafiles (.str). These hold theinformation on individual structures. The
Open, Save and Save As commandsinthe File menuof the Graphicswindow pertain to
these files.

Internal files. These are for ATOMS internal use and should not normally be modified
by the user (but see section 1V-8 of instructionsfor specia cases). SCRPTR isthe main
start-up filewhich savescurrent settings. DEFAULTS saves default display variablesfor
use with the New command. PPLOT contains data on pen plotters. CPATOMS.HLP
[Windows] or ATOMS HELP [Macintosh] is the help file,which isin condensed format
and not modifiableby the user. CIFDIC.SHT isthe (shortened) dictionary fileused when
importing CIF files.

Soace-group file. The fileHALL.DAT contains space-group information.

Scattering factor file. The file SCATFAC.DAT containsthe X-ray scattering factor data
for neutral atoms in the exponential form as givenin the International Tables Voal. 4, for
use in the Powder and Precession diffractionoptions (Display menu). Thisfilemay be
modified to use other scattering factors (e.g. for ionized atoms). The scattering factors

are keyed by sequence number as read from thisfileto the atom type. Thereisa
maximum of 100 scattering factors.

Cartesian symmetry files (.sym). These contain Cartesian point-Ssymmetry matrices
generated by the auxiliary program SY MGRP.

Palette files (.pa). These contain RGB valuesfor two 16-color palettes which (a) form
the basisfor 8-bit (256-color) palettes; and (b) are used to convert PC-DOS color
numbersto RGB values. They can be modified, read and written with the Palettes
commandsin the Settings menu.

Atom parameter input files (.inp). These are filessupplied by the user, containing at
least the atom labelsand coordinates, and optionally other parameters. They areread in
through the Input Atoms dialog inthe Input1 menu, not the Open command inthe
File menu(Startup) or File menu (Graphics).

Atom parameter default file (ELEMENTS.ION or ELEMENTS.COV). Thiscontains
default atom types, radii and colors for use when reading in atom parameters from.inp
files. It can be modified by the user to givethe desired parameters. By defaullt,
ELEMENTS.ION contains standard ionicradii and ELEMENTS.COV contains standard
covalent radii.

Radius valuesfor bonds. The RADII filesuppliesvaluesfor generating input bonds. It
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also has index valuesfor each element, which optionally may be used avoid superfluous
or impossible bonds. The values currently used are 1 for cations, -1 for anions, O for
"non-metals’, and 3 for inert (rare gases). At thetime of generating input bonds, the
valuesfor the two candidates (input atoms) are added together, and pairs with absolute
values greater than 1 are rejected.

Imported data files. These includethe following. These filestypes are sometimesgiven
arbitrary extensions, but any filenamecan be opened. (1) CCDC FDAT files(.fdt). (2)
SHELX refinement input files(.ins). (3) CIFE - Crystallographic Information Files (.cif).
(4) DBWS/LHPM Rietveld refinement files(.dbw and.lhp). (5)

Inorganic Crystal Structure Database (ICSD) files(.ret and.cry). (6) ORTEP datafiles
(.ort). (7) XTLVIEW structure display files(.xtl). (8) VIBRAT motion files(.mot). (9)
Protein Data Bank files(.pdb). (10) RIETAN Rietveld files(.xyz). (11) GSASLos
Alamosprogram system files(.exp). (12) American Mineralogist structure database files
(.amc). (13) FULLPROF refinement files(.pcr). (13) Free-form (.inp) files.

Text output files (.atd). These contain the input to and/or results of the ATOMS
calculations. The fileinfile ATD containsoutput of the atom-locating calculationon the
structure fileinfile.STR, such as atom locations, atoms inbonds and polyhedra, bond
length and angles. INPUT.ATD liststheinput data. GENATOMS.ATD liststhe
Cartesian coordinates of all the generated atomsin their current orientations.
FACES.ATD listsattributes of the current boundary and/or display crystal faces.
TOTALS.ATD givestotals of various types and the current maximafor these values.
BONDS.ATD gives bonds and anglesaround each or all input atoms. Thesefilesmay all
appear in aText window, and are saved independently of the ATOMS structure data
files.

Graphics output files.  ATOMS can write graphics output filesof various types:
encapsulated PostScript files (.eps); HPGL vector files(.pgl), 3D VRML filesand

---- Windows only ----

raster files(.omp,.pcx,.tif,.png); and Windows metafiles(.wmf or.emf).

---- Macintosh only ----

PICT files(.pic) in either Picture (metafile) or bitmap format and.png raster files.
---- End Windows/Mac only ----

File Locations

ATOMS expects to find certain filesin the "home" directory, which isthe directory
containing the ATOMS program file(CPATOMS.EXE for Windows). Thesefilesare
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SCRPTR, DEFAULTS, PPLOT, SPCGRP.DAT, CPATOMSHLP, ELEMENTS,
HALL.DAT, CIFDIC.SHT, RADII, SCATFAC.DAT and palette (.PAL) files.

If you are using Cartesian symmetry files(.sym), they should be in the same directory
("data' directory) as the structure file. The data directory is reset whenever you read or
write astructure file(.str). Most output files,including EPS, raster, HPGL, metafilesand
calculation output files(infile.atd), will be written to the data directory. However, the
data files (.atd) fromthe List... options inthe File menu are written to the home

directory, to avoid cluttering the disks. To savethese filespermanently, use Save As to
give them new namesin the directory of your choice.

When reading files, the extensionsare not mandatory, and you can always use adifferent
extension when saving a file, or specify "al files® when browsing or searching for afile.

---- Macintosn only ----

Fileand Creator Types

Most output and datatext fileshavefilecreator 'ATOM" and filetype 'TEXT'. Themain
ATOMS datafiles (.STR) havefiletype 'ATDT", to prevent accidental damage by editing
with aword processor. However, you can can change the filetype to TEXT' with a
utility program if necessary. Only fileswith creator 'ATOM' and extension.STR will be
opened as datafilesby ATOMS when they are double-clicked.

Filesfrom previous versionsof ATOMS may have different creator and filetypes.
---- End Macintosh only ----
4.12 Frames
With printed and pen-plot output, you have a choiceof using thefull page, or confining

the output to a frame. For Raster Filesand Metafilesor PICT files(File menu) output
alwaysgoes to a frame.

If you areusing the Universal or Maximize Each View scale modes (Scaling dialog in
the Input2 menu), the image isscaled to fitin theframe. If you areusing the Fixed scale
mode, theimage isclipped to the frame.

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

In some cases, you can choose the units for the size and offset of the window; either
inches, centimetersor dots (pixels), and you may also be able to specify the nominal dots
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per inch or centimeter. The units setting is independent of the overall choice of inches or
centimeters inthe Preferencesdialog inthe Settings menu.

4.13 Lighting Equation

In the 3D drawing modethe material properties of objects determinethe way the objects
interact with the light sources. The color observed at agiven point isa resultant of the
light source(s) (3D Lighting) and the Material properties; that is, the RGB coefficientsof
the Ambient, Diffuse and Specular components of the light source(s) are multipliedby
the specified colors of the objects, and by the material coefficientsin thisdialog, then the
results are limitedto the range 0.0-1.0.

Itotal = KeC ;emissive
+laKaC ;ambient
+ Sum(i) [ ( NdotVi ) li KdC] ;diffuse
+ Sum(i) [ ( NdotS )*nsli Ks] ;specular
Where
Itotal isthetotal intensity as an RGB triplet at any point on an object;
la istheintensity (RGB triplet) of theambient light source (3D Lighting dialog);

li istheincident intensity (RGB triplet) at the object of directional or positional light
source i (3D Lighting dialog);

C istheassigned color (RGB triplet) of the object (Input Atoms, Bonds, Polyhedra
dialogs);

K e isthe emissive material coefficient of the object (3D Material Properties dialog);
Ka isthe ambient material coefficient of the object (3D Material Properties dialog);
Ksisthe specular material coefficient of the object (3D Material Properties dialog);

nsis the specular exponent or shininesscoefficient of the object (3D Material Properties
dialog);

N (a vector) isthenormal to the surface at the point in question;
Vi (a vector) isthedirection of theincident directional or positional lighti at the point;

S (a vector) isthebisector of the angle between the light-surfacevector (or Vi) and the
eye-surface vector;
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"dot" signifiesthe vector dot product.

The incidentintensity from a light source is itself subject to attenuation (3D Lighting
dialog);

li =1i(0)/ (Kc+Kld+Kqdr2)

Where d isthe distance of the point in question from the (positional) light and Kc, K| and
Kq arethe constant, linear and quadr atic attenuation coefficentsrespectively. Constant
attenuation is essentially a brightness coefficient. Valueslarger than 1.0 smply darken
the scene. Vaues smaller than 1.0 may add a white component and/or increasethe
specular contribution. Linear and quadratic attenuation apply only to Positiona lights.

Ambient light has no direction or origin and is considered to bathe all objects uniformly.
Having a significant ambient component causes non-illuminated parts of objects to be
other than black. It thus "softens' the illuminationin asomewhat similarway to the
Darkest Shade and Dar kness Angle parameters (Shading dialog) inthe Standard
display mode.

Diffuse color is usually the main component of the appearance of objects. The intensity
of the color isdependent on the angle between the light ray and the normal to the surface
in question.

Specular reflection only occurs when the normal to the surface in question is closeto

bi secting the angle between the incident light and the vector from the point on the surface
to the eye. It produces bright highlightson a curved surface. Thelarger the Specular
material coefficient, the smaller will be the bright specular highlight on a curved surface.
The shininesscoefficient hasa maximumof 128 because of computational restrictions,
but values on the order of 5-30 are usualyredistic. In ATOMS, specular reflectionis
alwayswhite, that isit does not depend on the color of the object, only the color of the
light source(s). For directiona lights, specular reflection may not work well for polyhedra
because faces at certain angleswill give a solid white appearance.

Emission is similarto ambient, except that there isno dependence on the color of any
light source. A high value of emission makes an object look likeisis glowing.

This equation ignores translucency, which causes colors objects lyingat different depths
to be blended.

4.14 Space- and Point-Group Orientation

Proper generation of atoms by symmetry requires that atom coordinates be consistent
with the orientation of symmetry elements. That is, the people who publishor otherwise
report atom coordinates have to assume aparticular geometric relationship between the
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symmetry elements and the coordinate axesin terms of which the atomic positions are
given. In some point and space groups there isonly one reasonable choice for the mutual
orientation of coordinate axes and symmetry, but in some groups there may be two or
more possibilitiesand ambiguity may arise.

Crystals. The preferred symmetry option for crystalsis normally Space-group, which
reads the symmetry operations from a selection of those in the Tables. The main part of
the Tables themselves(section 4.3 of Volumel, pre-1983 or Chapter 6 of Volume A,
post-1983) listsonly some of the possible orientations of space-group symmetry for
monoclinicand orthorhombic crystals, but the alternate orientations can be generated by
ATOMS, as described in the detailed instructions for the Space-group option. The
aternate settings arelisted inTable 6.2.1 of Volume 1 or Table 4.3.1 of Volume A of the
Tables.

A consistent orientation of symmetry elements with respect to axesis not alwaysused for
space groups inthe International Tables for X-ray Crystallography. Asan example of
alternate orientations, consider the point group C3y. The two simplest orientations for
the vertical mirror planes are either paralel to the a1 and a2 axes, or inbetween, rotated
30 degrees. Thesetwo orientations are embodied inthe two space groups P31mC3V2
(no. 157) and P3m-C3v! (no. 156). If the same orientation were used for both, one of
them would have a C-centered Bravais | attice, the avoidance of which the compilersof
the Tables apparently considered more important than consistent axial orientation.

It isimportant to realizethat these different possibilitiesexist, especially when using face
or form indicesfrom textbooks or the literature; it may be necessary to transform the
indicesto conform with the orientation used in the structure description.

Molecules. Using the Point Group symmetry option, which derives the symmetry
operations from space-group listingsin the Tables, unavoidably makes certain
assumptionsabout orientation. In monoclinic symmetry (point groups 2-C2, m-Cs and
2/m-C2h) the unique axisistaken to be parallel to c or z rather than b or y (asin
crystals). In the orthorhombic point group mm2-C2y the two-fold axisis assumedto be
paralel to c. If the atomic coordinates for the molecule are given in terms of anon-
standard setting, an alternate to manual rotation of the coordinates before input isto use
the Space-group option, specifyingaspace group in the point group of interest which has
the aternate orientation. Some examplesof aternate settings related by 30 and 45 degree
rotations on the c axisare given in the section on the Space-group option.

4.15 Special Considerations for Molecules and Polymers

While ATOMS can deal equally as well with moleculesas crystals, the input contains
some options which are extraneous for molecules. The following sections give some
guidelinesfor dealing with moleculesand polymers. Thisisintended only for molecules
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which are input as singleentities with absolute coordinates, not for moleculeswhichare
part of acrystal structure, which can be isolated with the L ocate Groups command
(Transform menu), the Find button in the Generated Atom Data dialog, or the special
boundary options for moleculesincrystals..

1. Coordinate Axes for Molecules.

The type of axial system specifiedin the Title/Axesdiaog (Inputl menu) may depend on
the symmetry of the molecule. Except for casesinwhich one 3-fold or 6-fold axisis
present, i.e. trigonal or hexagonal symmetry, there isno reason not to use Cartesian
reference axes. The symmetry may then be specified using the Point-group symmetry
option if the moleculeisina standard orientation, or the Space-group or Custom options
if itisnot. All these options use symmetry operations which are of thetype used for
crystals.

However, if amolecule has either a3-fold or a6-fold axis the full symmetry can be
specified by means of crystallographic symmetry operations only if hexagonal structure
axes are used. Both trigonal and hexagonal crystal systemsby default use "hexagonal
axes', that isa] and ap axes at right anglesto the c axis, and 120 degrees from one
another. Trigonal crystals may also use rhombohedral axes, which are not applicableto
molecules. Cartesian coordinates may be transformed to hexagonal coordinates, and vice-
versa, with the following sets of equations (anglesin degrees).

xh = (1/a) xc sin120 + (1/a) yc cos120
Yh = (V/a) x¢ cos120 + (Va) y¢

xc = (a) Xxn sin120

yc = (&) xh cosl20 + (a) yh

where a is thelength of the hexagonal a axes (or ratio of lengths hexagonal over
Cartesian if the Cartesian axes are not of length one). These equations assumethat the
two cor zaxes are paralel and that the a2, b or y axesare parald.

The aternativeis to use Cartesian axes and select the Cartesian symmetry option: this
requires the preexistence of a filecontaining the symmetry matrices; see section1V-8.
With this option the symmetry elements may have any desired orientation with respect to
the coordinate axes.

2. Boundary Options for Molecules and Polymers.

For an isolated molecule, the boundary option will normally be No boundaries — this
simply accepts all atoms in the original input and those generated by point-group
symmetry — no trandlations (lattice vectors) are applied. Again, if you want to locate a
moleculein acrystal structure, seethe Locate Groups commandin the Transform menu,
the Find button in the Generated Atom Data dialog, or the special boundary options for
moleculesin crystals.

For apolymer, there aretwo possiblechoices. Thesimplest isto use the Trandation
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Limitsoption. Thistakes all the atomsin the central cell and those generated by
trangdlation within the givenlimitsin the directions of the selected lattice vectors (axes).
For aone-dimensional (chain) polymer, two of the translations should be disabled and for
atwo-dimensional (sheet) polymer, three should be disabled. Thisis certainly the best
choice for aone-dimensional polymer.

The other choiceisto use the Enter Forms option, and manually disable one or two
lattice trandations. Thisallows for showing different parts of two-dimensional polymers.
For example, consider atrigonal or hexagonal sheet; the Translation Limitsoption
allows for showing only a rhombic slice of the sheet. Suppose that the polymer extends in
the aand b (x and y) directions; then it can be limitedby vertical faces such as (100),
(010), etc. to giveadicewith hexagonal or trigonal symmetry. Trandation inthe c (2
axis direction should be disabled

The above choices again assume that the input is actually for amolecule, and not a
crystal. For viewingmoleculesin crystals, the procedure is different. First, you can
import several types of crystallographic filesfor structures containing molecules using the
|solate Molecules in Crystal boundary option (Inputl menu). The Free-

Form (.inp) import option can be used to read in almost any type of atomic-coordinate
information. You can also use the Locate Groups option in the Transform menu to
isolate individual molecules or polymers.

3. Symmetry for Molecules and Polymers.

Symmetry of moleculesis normally described interms of point groups. The point group
symmetry can be provided as crystallographic symmetry operations, or in the form of
Cartesian symmetry matrices.

3.1. Crystallographic symmetry operations.

ATOMS can automatically provide the symmetry for the 32 point groups which are also
crystal classes, i.e. contain no non-crystallographic symmetry elementssuch as 5-fold
axes. Provided that the orientation of the symmetry elements with respect to the
coordinate axesisstandard, it isonly necessary to give the Schoenflies or International
(Hermann-Maughin) symbol for the point group in the Point-group symmetry option.
Certain alternate orientations, related to the "standard” ones by arotation of 45 or 30
degrees on the c or z axis, can be attained by using the Space-group symmetry option. If
the orientation isnot attainable by either of these methods, appropriate symmetry
operations can be entered with the Custom symmetry option.

Thereisno provisonin ATOMS for strictly one-dimensional, two-dimensional or spiral
symmetry elements, such as might occur in polymers. Nevertheless, most if not all of the
symmetryin polymers may be included with judicious use of space groups, combined
with disablingof repetition by translation in one or two dimensions. The space groups
whichare applicable are those which have no screw axes or glide planeswith trandation
in anon-polymer direction. For example, an ideal silicatechain polymer is completely
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described by space group no. 28 Pma2-C2V4, with the chain running inthe a (X) direction
and the trandations inthe b and c directions disabled.

3.2 Cartesian Symmetry Matrices.

This symmetry option is necessary for non-crystallographic point symmetry, that is
symmetry groups containing n-fold axes with n equal to 5 or higher than 6. It can also be
used for trigonal and hexagonal symmetry if youwant to use Cartesian atomic
coordinates. Some symmetryfiles are provided, namely for thetwo icosahedral groups
and the pentagonal groups; in other cases the Cartesian matrices must be generated
before running ATOMS, by using the program SY MGRP, which generates self-consi stent
point symmetry groups in any orientation.

4.16 Standard PostScript Typefaces
Standard PostScript Typefaces (Font Families)

The names of the fonts should be entered exactly as given, with no embedded spaces. If
your printer does not recognize afont string, it will probably defaultto Courier.

Times Roman Family

Standard: Times-Roman
Slanted: Times-ltalic
Bold: Times-Bold

Bold Slanted: Times-Boldlitalic

Helvetica (Swiss) Family

Standard: Helvetica
Slanted: Helvetica-Oblique
Bold: Helvetica-Bold

Bold Slanted: Helvetica-BoldOblique

Courier Family

Standard: Courier
Slanted: Courier-Oblique
Bold: Courier-Bold

Bold Slanted: Courier-BoldOblique
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4.17 Starting ATOMS - Command-Line Processing

Starting ATOM S from DOS command linewith data file or import file
---- Windows only ----

ATOMS for Windows can be started from the DOS command line, or other situations
where command linesare used. If the nameof an ATOMS data file (extension.STR) or
an import fileisalso given, thisfilewill be read in. For example

WXATOMS MYFILE.STR

will start ATOMS and open the ATOMS datafileMYFILE.STR.
WXATOMS MYFILE.INS

willimport the SHELX input fileMYFILE.INS.

ATOMS distinguishesamong the different kinds of files by using the fileextension (the
last three charactersin the name, followingthe dot). It tests first for the ATOMS data
fileextension.STR, then tests for the extensions for the import filetypesin theorder in
whichthe filetypes are listed in the File/lmport menu (with one exception). The default
extensions are as follows:

INP Free-form Input

FDT CCDC FDAT file

INS SHELX input file

CIF CIF Crystallograpic Information File
.DBW DBWSRietveldfile

LHP LHPM Rietveldfile

.RET ICSD RETRIEVE file

.CRY ICSD CAN/SND file

.CRY ICSD Original CRY STIN file (must be changed; see below)
XTL Xtlview file

.PDB Protein Data Base file

XYZ RIETAN Rietveldfile

EXP GSAS (Los Alamos) Rietveld file

AMC  American Mineralogist structure database
.PCR FULLPROF refinement file

MOT  VIBRATZ atomic motion file

In order to read Original CRY STIN ICSD fileswith the command line, the.CRY
extension (or that of CAN/SND files) must be changed within ATOMS, as both filetypes
normally use the same extension.
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The extensions, which should awaysbe three characters, can be changed in the dialogs
for the individual filetypes, accessed through the Import item in the File menu (Startup)
or File menu (Graphics). The options for importing are also set in these dialogs. Thusto
set thefileextension and other options, start up ATOMSin Windows and select
File/lmport and the filetype of interest. The extension and options will be saved if you
click OK inthese dialogs—it isnot necessary to actually read a file (that is, you can click
Cancel inthe File Open dialog).

Note that you must give sufficient information about the PATH so that the ATOMS
program file(CPATOMS.EXE) and the datafileto beread can belocated. If this
informationin not in the current DOS PATH, and the filesare not both in the current
directory, path information must be given inthe names. For example:

C\ATOMS60\WXATOMS.EXE C\ATOMS60\SAMPLES\DDRANE.STR

Tutorials

In addition to the examplesselected for tutorials, the subfolder SAMPLES contains some other
examples. All examplefiles have the suffix.STR; check the file EXAMPLES.DOC for comments
on the examples, including thetutorials.

To start any of the tutorials elect the New command from theFile menu. Thiswill step through
most of thedialogsin the I nput1 menuand also the Input2 menuif desired. Input for each of
these dialogs is discussed below. After each of thesemain dialogshas been completed by clicking
onthe OK button, theEnter New Data Set dialogcomesup. This gives you the choiceto
Continue Abort or Revise the last category of input. Thisdialog will not be mentioned again,
but keep in mindthat it comesup after each of the main dialogs described below.

In the input for atoms, polyhedra, bondsetc., there are edit boxes for thepen number. Pen
numbers will not be discussed, since for multi-pen plotters the color depends on which pens are
placed in each positionin the holder.

Note that when you are editingindividual entriesin the Input Atoms, Polyhedra or Bonds dialog,
you can continue to edit itemsin thelist withthe Revise button; input of theselists is finished
when you click on OK. Whenin the Atom Data, Polyhedron Data or Bond Data dial ogs which
are called up by the Revise or Add buttons, you can step through the list forwards or backwards
with the Next and Last buttons. Whenyou are editing thelast itemin each list, the Next button
becomesthe New button. The same things hold true for editing boundary or display forms.

Y ou can get Help for any dialog with theHelp button.

© 2002 Shape Software



196 ATOMS Help

51 Tutorial 1 - Glutaric Acid

Thisillustrates basic atom and bond input and interpenetrating atoms (space-filling
representation). The coordinates and radii were improvised froman illustrationin amagazine ad,
and are not absolutely redlistic.

Didog- Title/Structure Axes. Inthe Title field, enter "Glutaric Acid". IntheStructureaxes
combo box, select "unit Cartesian”.

Dialog - Symmetry Option. Select Point group from Table
Sub-Dialog - Symmetry - Point Group from Table Select the group mm2 - C2v.

Didog - Boundary Option. Select No Boundaries (molecule). Thisbrings up a dialogwhich
simply confirmsthe choice

Diaog - Crystal Formsfor Display. Inthe Display forms group of radio buttons, select None.
Diaog - Input Atoms. Click onthe Add Atoms button.

Sub-Dialog - Revise Atom. Wewill first enter three carbon atoms. For al these atoms, the Type
will be 6 (theatomic number) and the Radiuswill 0.75. The colors can be selected as desired,;
however black (RGB components0, 0, 0) is recommendedfor rims, and dark gray (85, 85, 85) for
fills. These colorscan be selected by fillingin the RBG fieldsdirectly, or by clickingon the
Select...Color buttons, and choosing fromthe 16 colors presented there. For Black-and-white
pattern numbers 15 isrecommendedfor rimsand 2 for fills. All these fieldscan be entered
once, and they will be copiedto the next atom.

The fieldswhich will change between atoms are the L abel, and the coordinates (x, y and z). For
thefirst atom, fill in the fieldsfrom the values given for atom number 1 below. Then,if you have
filledin the remainder of the fieldsas describedin theprevious paragraph, click on the New
button. For the second atom, al the fieldswill be thesame; replace thevalues for Labdl, x, y and
z for atom 2) below. Inlike manner continue onto the third carbon atom. Note that theseare
absol ute coordinates, in Angstroms.

Carbon atoms:

1) C1 0.0 0.0 0.0
2) C2 0.0 0.943 0.333
3) C3 0.0 1.886 0.0

Next come three hydrogenatoms. Click on New after the last carbon atom. Set theTypeto 1,
and the Radius to 0.4. Therim color and patterns can be left as black, but thefill color and
pattern should be changed, for exampleto green (0, 255, 0) and 8. Again, for each new atom you
can changeonly the L abel and coordinates x, y and z to the values given below.

Hydrogen atoms:
4) H1 052 0.0 -0.233
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5) H2 052 0.943 0.566
6) H3 0.0 24 -11

Next come two oxygen atoms. Set the Type to 8, and the Radiusto.75. The fill color and pattern
can be changedto red (255, 0, 0) and 5.

Oxygen atoms:

7) o1 0.0 2.794 0.419

8) 02 0.0 1.794 -0.996
When finished with atom 8), click on OK.

Back in the Input Atoms dialog, check thelist. If there are any mistakes, you can correct them
by selectingthe atom and clicking on theRevise button.

Didog - Polyhedra. No polyhedrawill be used, so just click on OK .

Dialog - Bonds. Click onthe Add Bonds button.

Sub-Dialog - Bond Data Wewill add four bonds. Sincethe atoms will be interpenetrating, the
bond radius, colorsand patterns will not be used, and thereis no needto set thesefields. TheMin
distance field can be set to 0.4 or any small number, and theM ax. distancefield can be set to
1.2. Setthefieldslisted below, clicking on New to go frombond 1) to 2) and so on.

Atomtypel Atomtype 2

1) 6 6 (C-0)
2) 6 8 (C-0)
3) 6 1 (C-H)
4) 8 1 (O-H)

Back in the Bonds dialog, correct any mistakenentries. Click on OK when done.

Didog- End of Mandatory Input. Atthis point you have the choiceof continuingwith the
dialogsin the Input2 menu, or accepting default values for the parameters in those dialogs. If a
structure filewas in memory whenyou started the New input, you can also accept the parameters
used in that structure (thecurrent values). Let us continue, to insure that the result isthe same as
the samplefile GLUT.STR.

Diadog- Crystal Edges. A crystal shape isinappropriate for thismolecule, so select Atomsonly
from the Display group.

Diaog - Per spective Viewing Do not check the box; perspective viewing adds littleto this
molecule.

Dialog - Stereopairs. Y ou can check the Stereopairs on box if you like, although you may need
a special viewer to seethe screenimagein 3D.
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Dialog - Rims Check al theboxes. Unshaded color drawingsand all black-and-whitedrawings
look best with rims, and shaded drawings in color usually ook better without rims.

Diadlog- LineWidths Click onthe Set All to 0 button - this will result in widthsof onedot in
screen display and raster output. Be sure that the Use I ndividual check boxes are off.

Didog - Shading Uncheckthe boxes Shadingfor atoms, Shadingfor bonds and Shadingfor
polyhedra. You can switch later to shading.

Diaog - Background Color. A light or mediumgray, such as (170, 170, 170) usually works
best on the screen.

Diaog - AxesdUnit Cell. Inthe Display group, select Neither.
Dialog - Thermal Ellipsoid Parameters Click on Cancel to skip this dialog.

Didog - Initial Orientation. Setthelnitial Cartesian rotations (X, y and 2) all to zero. Check
the Clinographic viewing box.

Dialog - Scaling. Setthe Scale modeto Maximizesizefor each view.
Diaog - Centering/Displacement Select Automatic Centering.
Didog - CalculationOutput. Inthe combo box Output, select "No Output”.

After the last dialog has been completed, you are asked if you want to save thefile. Thena
message box appears saying "New input completed - calculate now?'. Click onYes, and the
drawing should appear quickly.

Y ou can compare the results of thisinput process with the fileGLUT.STR inthe SAMPLES
subfolder. If thereare differences, you can print out theinput parameters in either or both files
with the List I nput commandin the File menu (Listings sub-menu).

Y ou can experiment with shading, using the Shading dialogin the Input2 menu. The shaded
drawing will look better if atom rims are turned off in the Rims dialogin the Input2 menu. Note,
however, that if you are using a256-color display adapter, and if you use 32 shading zones, the
carbon atomshbecomesolid black. Asexplainedin section V-2, the second 8 colors in the 16-
color palette are not valid for 32 shading zones. Y ou can usethe Atoms - Global dialog in the
Inputl menuto changethefill color for al type 6 atoms to one of thecolors in the upper half of
the Choose Color dialog.

5.2 Tutorial 2 - Diopside

Thisisatypica silicatecrystal. Unlessthe unit cell isvery small, ball-and-stick display is too
complicated for most silicates, and showing the SiO 4 groups as polyhedrais usually more
satisfactory. The atomicradii used for Mg and Ca are approximately half theionic radii, which
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worksfairly well as a generd practice.

Select the New command from theFile menu. Seethe start of the Tutorials sectionfor general
comments.

Dialog - Title/Structure Axes. Inthe Title field, enter "Diopside”. In the Structur e axes combo
box, select "monoclinic". For the a, b and c axes, enter 9.746, 8.899 and 5.251, and for beta enter
105.63.

Dialog - Symmetry Option. Select Space group from Table

Sub-Dialog - Symmetry - Space Group from Table Enter "C2/c" in theH-M Symbol field,
and make sure that the radio button for this optionis checked. Or, you can select this space group
inthelist box, clickingon the Select button, and it makesno differencewhichoption (H-M, Hall
or Number) is selected.

Diadog - Boundary Option. Select Enter Forms.

Sub-Didog - Boundary - Enter Forms Set the Symmetry for boundary formsto Center only.
At the bottom of the dialog, Use individual atom distancesshould be unchecked and all the
L atticetrandation boxes should be checked. Now click onthe Add Forms button.

Sub-Sub-Dialog - Add/Revise Form. For eachform, enter the indices shown below inthe h, k
and | edit boxes, and the distancein the Central distance box. When finished with each, click on
the New Form button to goto thenext. When done, click on OK.

h k [ distance
1) 1 0 0 4.0
2) 0 1 0 7.0
3) 0 0 1 11.0

Back in the Boundary - Enter Forms diaog, check thelist and correct theentries if necessary
with the Revise button. When done, click on OK.

Diaog- Crystal Formsfor Display. Inthe Display forms group of radio buttons, select Same
asboundary.

Dialog - Input Atoms. Click onthe Add Atoms button.
Sub-Dialog - Revise Atom.

Atom 1) issilicon. The Label shouldbe Si, the Type should be 14 (the atomic number) and the
Radius0.15 - silicon atoms will not appear by themselvesunlessskeletal or transparent polyhedra
are selected for the 3D display mode. The colorsand pattern numbers can be ignoredfor this
reason. The x, y and z coordinatesare 0.2862, 0.0933, and 0.2293. When done, click onthe

New button.
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Atom 2) ismagnesium- Mg and Ca atoms will be shownas spheres. The Label should be Mg,
the Type should be 12 (the atomic number) and theRadius0.36. The X, y and z coordinates are
0.0, 0.9082 and 0.25. Thecolors can be selected as desired; however black (RGB components 0,
0, 0) isrecommendedfor rims, and red (255, 0, 0) for thefill. For Black-and-whitepattern
numbers 15 isrecommendedfor rims and 6 for fills. When done, click onthe New button.

Atom 3) iscalcium. The Label should be Ca, the Type should be 20 (the atomic humber) and the
Radius0.56. The X, y and z coordinates are 0.0, 0.3015 and 0.25. The colors can be selected as
desired; however black (RGB componentsO0, 0, 0) is recommendedfor rims, and blue (0, O, 255)
for thefill. For Black-and-whitepattern numbers 15 is recommendedfor rimsand 4 for fills.
When done, click onthe New button.

Now enter three oxygenatoms. For all these atoms, the Type will be 8 (the atomic number) and
the Radiuswill be 0.0 - oxygen atoms only appear as cornersof polyhedra, and if they areto be
shown as spheresthey can be given a uniformradius. Therim color can be black and thefill
color cyan (0, 255, 255). For Black-and-whitepattern numbers 15 is recommendedfor rims
and 1 for fills.

The fieldswhich will change between atoms are the L abel, and the coordinates (x,y and z). For
thefirst atom, fill in the fieldsfrom the values given for atom number 1 below. Then,if you have
filledin the remainder of the fieldsas describedin theprevious paragraph, click on the New
button. For the second atom, al the fieldswill be thesame; replace thevalues for Labdl, x, y and
z for atom 2) below. Inlike manner continue onto the third carbon atom.

Oxygen atoms:

4) o1 0.1156 0.0873 0.1422
5) 02 0.3611 0.25 0.3180
6) o3 0.3503 0.0176 -0.0047

When finished with atom 6), click on OK.

Back in the Input Atoms dialog, check thelist. If there are any mistakes, you can correct them
by selectingthe atom and clicking on theRevise button.

Diaog - Polyhedra. Click on Add Polyhedra.

Dialog - Polyhedron Data. Theonly polyhedronwill be thesilicate tetrahedron, althoughisis
also possible to do Mg octahedra. The Coor dination number isfour, the Maximum bond
distance can be 1.8, theCentral type (Si) is 14 and thereis only oneL igand type, 8 for oxygen;
put the number eight in the first Ligand type box and be sure the other 6 boxes are empty. The
rim color should be black, and the fill color can be yellow (255, 255, 0). Rim pattern should be
15 (black) and fill pattern can be 2. Click on OK when finished.

Back in the Polyhedradialog, in the Show ligands as spher es group, select the Use single
radiusradio button, with radius 0.2.

Click on OK if the single polyhedron entry is correct.
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Dialog - Bonds. Click onthe Add Bonds button.

Sub-Dialog - Bond Data Wewill add two bonds. The Atom types, Max. distanceandrim
color are givenbelow. The Radius shouldbe set to 0.0 for single-linebonds, whichwill usethe
rim color and pattern number - the fill color and pattern areignored. Rim pattern number should
be 15. TheMin distance field can be set to 0.4 or any small number.

For bond 1), Mg-0, the two types are 12 and 8; the maximum distance is 2.3; and rim color can be
blue (0, 0, 255). After entering the valuesfor bond 1), click on New to go to 2). For bond 2), Ca

0, the two types are 20 and 8; the maximum distanceis 3.0; and rim color can be magenta (255, 0,
255). Click on OK when finished with bond 2)

Back in the Bonds dialog, correct any mistakenentries. Click on OK when done.

Dialog - End of Mandatory Input. At this point you have the choiceof continuingwith the
dialogsin the Input2 menu, or accepting default values for the parameters in those diaogs. If a
structure filewas in memory whenyou started the New input, you can also accept the parameters
used in that structure (the current values). Let us continue, to insure that the result isthe same as
the samplefile DIOPSIDE.STR.

Dialog - Crystal Edges. You can select either Both or Atoms only from the Display group. Set
the dash lengthto 0.2 and thedash ratio to 0.45. colors can be yellow (255,255,0) for front edges
and blue (0,0,255) for back edges. Pattern numbersfor both front and back edges should be 15.
Dialog - Perspective Viewing Check the box and set the Per spective distance to 50.0.

Dialog - Stereopairs. Y ou can check thebox if you like, athough you may need a specia viewer
to see thescreen imagein 3D.

Dialog - Rims Check al theboxes. Unshaded drawingslook best with rims, and shaded
drawings in color usually |ook better without rims.

Dialog - Line Widths Click onthe Set All to O button - this will result in widthsof onedot in
screen display and raster output. Be sure that the Use Individual check boxes are off.

Diaog - Shading Uncheckthe boxes Shadingfor atoms, Shadingfor bonds and Shadingfor
polyhedra. You can switch later to shading.

Diaog - Background Color. A light or mediumgray, such as (170, 170, 170) usualy works
best on the screen.

Diadog - AxesUnit Cell. Inthe Display group, select Neither.
Diaog- Thermal Ellipsoid Parameters Click on Cancel to skip this dialog.

Dialog - Initial Orientation. Wewant to look amost directly downthe c axis, so setthe I nitial
Cartesian rotations (x, y and z) to 0.0, 92.5 and 0.0. Uncheckthe Clinogr aphic viewing box.
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Diaog- Scaling. Setthe Scale modeto Maximizesizefor each view.
Diaog - Centering/Displacement  Select Automatic Centering.
Diaog - CalculationOutput. Inthe Output combo box, select "No Output”.

After the last dialog has been completed, a message box appears saying "New input completed -
calculate now?'. Click onY es, and the drawing should appear quickly.

Y ou can compare the results of thisinput process with the fileDIOPSIDE.STR inthe \SAMPLES
subdirectory. If thereare differences, you can print out the input parameters in either or both files
with the List I nput command in the File menu (Listings sub-menu).

5.3 Tutorial 3 - Dodecahedrane

Thisisa hypothetical cyclic saturated hydrocarbon moleculewith carbon atoms at the 20 corners
of a pentagonal dodecahedron (Icosahedral symmetry, group 1), and one hydrogen bonded to each
carbon. It illustrates the input of non-crystallographic symmetry using.SY M files, and the use of
stick bonds. Thisdrawing will aso be donewith shading and perspective viewing. See
SYMGRP for the generation of thel.SYM file, whichinthis caseis present in both the
SAMPLES and the SYMGRP subfolders. Since the Cartesian symmetry filemust be in the same
directory as the datafile, be sure you arein one of these two directories, or movethe |.SYM fileto
the directory you arein. You can switch ATOMS to the SAMPLES subfolder by readingin afile
from there. Y ou can also go through theNew input until you reach the message box "New input
completed - calculatenow?'. If you click on No, you can use Save As in theFile menuto save
the current file to the SAMPLES subfolder. Then select Calculatefrom the File menu.

Select the New command from theFile menu. Seethe start of the Tutorials sectionfor general
comments.

Dialog - Title/Structure Axes. Inthe Title field, enter "Dodecahedrane”. In the Structureaxes
combo box, select "unit Cartesian”.

Dialog - Symmetry Option. Select Cartesian Matrices
Sub-Dialog - Symmetry - Cartesian Matrices Inthe File name box, enter I.SYM.

Didog - Boundary Option. Select No Boundaries (molecule). Thisbrings up a dialogwhich
simply confirmsthe choice

Dialog - Crystal Formsfor Display. Inthe Display group of radio buttons, select None.
Dialog - Input Atoms. Click onthe Add Atoms button.

Sub-Dialog - Revise Atom. Wewill enter only one carbon atom. The Type shouldbe 6 (the
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atomic number) and the Radius0.35. The x, y and z coordinatesare 0.0, 0.0 and 1.4. The colors

can be selected as desired; however black (0, 0, 0) is recommendedfor rims, and magenta (255, O,
255) for fills. For Black-and-whitepattern numbers 15 is recommendedfor rimsand 2 for

fills. The Pen number can be 1, or if youwill not be using a pen plotter, justignorethis field.

Click on the New button to enter the hydrogenatom. Set the Type to 1, and the Radiusto 0.2.
The x, y and z coordinatesare 0.0, 0.0 and 2.2. The rim color and patterns can be left as black,
but the fill color and pattern should be changed, for exampleto cyan (0, 255, 255) and 4. The
L abel shouldbe"H" andthe X, y and z coordinates0.0, 0.0 and 2.2.

Back inthe Input Atoms dialog, check thelist. If thereare any mistakes, you can correct them
by selectingthe atom and clicking on theRevise button.

Dialog - Polyhedra No polyhedrawill be used, so just click on OK .
Diadog- Bonds. Click onthe Add Bonds button.

Sub-Dialog - Bond Data Wewill add 2 bonds. For C-C bonds, both Atom typel and Atom
type 2 are 6. The Min. distance field can be set to 0.4 or any small number, and theM ax.
distancefieldcan be set to 1.4. Set theRadiusto 0.1. Therim color should be black and therim
pattern number 15. Fill color and pattern can be selected to taste, for examplered (255, 0, 0) and
6.

For C-H bonds, Atom typelis6 and Atom type2 is1l. The Min. Distancefield can be set to
0.4 or any small number, and the Max. Distancefield can be set t0 1.0. Set theRadiusto 0.06.
The rim color should be black and the rim pattern number 15. File color and pattern can be

selected to taste, for exampleblue (0, O, 255) and 6.

Back in the Bonds dialog, correct any mistakenentries. Click on OK when done.

Dialog - End of Mandatory Input. At this point you have the choiceof continuingwith the
dialogsin the Input2 menu, or accepting default values for the parameters in those diaogs. If a
structure filewas in memory whenyou started the New input, you can also accept the parameters
used in that structure (thecurrent values). Let us continue, to insure that the result isthe same as
the samplefile DDRANE.STR.

Dialog - Crystal Edges. Select Atoms only from the Display group.

Dialog - Perspective Viewing Check the box; and set the perspective distanceto 7.5.

Didog - Stereopairs. Y ou can check thebox if you like, athough you may need a specia viewer
to see thescreen imagein 3D.

Dialog - Rims Uncheckall the boxes. Shaded drawingsin color usually look better without
rms.

Dialog - Line Widths Click onthe Set All to O button, althoughrimswill not be used. Be sure
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that the Use I ndividual check boxes are off.

Diaog - Shading Check the boxes Shadingfor atomsand Shadingfor bonds Set the Number
of zonesto 32. Thellluminationvector can be 3.0, -1.0, 1.0 (this vector will be normalized to
length one after leavingthe dialog). Set the Darkest shade to 0.0 and the Darknessangleto 110.
Y ou can check Front-back fadingif desired, and set the Fading factor to 0.15. This factor
should be smaller than the Factor for completefadingshown at the bottom of the dialog;
however, this factor is not computed until the structure is calculated.

Diaog - Background Color. A light or mediumgray, such as (170, 170, 170) usually works
best on the screen.

Diaog - AxesdUnit Cell. Inthe Display group, select Neither.
Dialog - Thermal Ellipsoid Parameters Click on Cancel to skip this dialog.

Didog - Initial Orientation. Setthelnitial Cartesian rotations (X, y and 2) all to zero. Check
the Clinographic viewing box.

Dialog - Scaling. Setthe Scale modeto Maximizesizefor each view.
Diaog - Centering/Displacement Select Automatic Centering.
Didog - CalculationOutput. Inthe combo box Output, select "No Output”.

After the last dialog has been completed, a message box appears saying "New input completed -
calculate now?'. Click onYes, and the drawing should appear quickly.

Y ou can compare the results of thisinput process with the fileDDRANE.STR inthe SAMPLES
subfolder. If thereare differences, you can print out theinput parameters in either or both files
with the List I nput commandin the File menu (Listings sub-menu).
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Index

.BMPfiles 55
EXPfiles 35
INP files 29

INS Files 30
MQT files 36
.PCX files 55
PNG files 55
TIFfiles 55

VBRfiles 36
\WRL files 60

_3-

3D Displaymode 125

3D files 60

3D Fog 115

3D General 113

3D Light Sources 114

3D Materia Properties 115
3D Polyhedra 117

_A -

About command 158

Add/Revise Form 78

AlignFace or Vector 143
American Mineraogist datafile 35
Anaglyphdrawing mode 126
AngleLabels 132

angles 84

angles- deleting 179

Atom and Bond Plot States 120

atom data - temperature factor 85
atom identification 159

Atom Labels 130

Atom Parameter Files 164

atom parameters - defaults 183
atomrevision- basic 87

atom revision- global 96
AtomicVectors 97

atoms - deleting 179

Atoms - Global - VariablesTab 96
Atoms - Global - WhichAtoms Tab 96
atoms - input 87

atoms - marking 134

Atoms (Input) 84

Atomsat Cursor 159

ATOMS Menusand Dialogs 23
axes- crystal or structure 62
axes- display 107

“B -

Background Color 107
bitmap files 55

bitmap files- PICT 57
blank border (pen plot) 54
bond angles 84, 119

Bond Data 93

bond distances 84

Bond Labels 131

bond lengths 119

Bonds 93

bonds- deleting 179
bonds- generating fromradii 94
Boundary - Enter Forms 77

Boundary - Locate Moleculesin Crystal
81
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Boundary - None 80

Boundary - Slice 79

Boundary - Sphere 81

Boundary - Trandation Limits 81
Boundary - Unit Cell 75
Boundary Option 74

-C-
Cdculate Command 49
CalculationOutput 119

Cartesan Symmetry 71
CavitiesDisplay Mode 99
Cavity Parameters 99
CCDC FDAT File 29
center of fragment - reset
Centering/Displacement
central distance 169
central distance for individual atoms 86
CIF File 31

clay minerals 153
ClinographicViewing 143
clinographicviewing - initial 117
ClinographicViewingCommand 134
Clipboard/PICT 57

Close Command (Graphics) 48

Close command (Text) 156

color - background 107

Color Command 130
Colorg/Petternsg/Pens 173
Command-LineProcessing 194
Continuous Rotation 145

Coordinate Systems 175

Coordination of Atoms 84

Copy command 157

crystal axes- display 107

153
120

Crystal Edgesand Faces 102

crystal edges and faces- drawing 181
Crystal Formsfor Display 83
Current Orientation 144

Cursor Mode 129

custom symmetry 72

Cut command 157

D -

darkest shade 106
darknessangle 106

Data Sets... inlmport File 29
DBWSRIietveld File 32

Dealing with Molecules Groups and
Fragmentsin Crystals 177

default atom parameters 183
deleting (hiding) atoms 120
Deleting Atoms and Atom Labels
Dialog Bar - Fragments 138
DialogBar - Left 135

Dialog Bar - Right 137
diffraction- powder 139
diffraction- precesson 140
Direct Postscript Output 53

179

displacement 120
displacements- unitcell 109
Display Menu 121
Display Mode Sub-Menu 122

Display of Crystal Axes 107
Display of Unit Cell 109

Drawing Crystal and Unit-cell Edges
181

"E -

edges- crysta 83, 102
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edges (atom bond and polyhedronrims)

105

Edit menu commands 156
ELEMENTS Files 183
ellipsoiddisplay mode 124
Ellipsoid Parameters 110

Encapusated PostScript (EPS) files 53

End of Mandatory Input 26
Entering New Data Set 26
EPS files 53

Exit command 61

Expand Layers 153

Export Atom Data(Molecular) File 48

_F -

face - dignon 143

faces- crystal 83, 102

fading - 3D drawing 115
fading - front-back 106
FileMenu (Graphics) 45
FileMenu (Startup) 24
Filemenu (Text Window) 155
FileTypes 185

fog - 3D drawing 115

font for text windows 154
forms- adding or revising 83
forms- boundary option 77
forms- crystal - for display 83
fragment - reset center 153
fragment - revison 151
fragment - rotate 152
fragment - trandate 152
fragments- multiple 149
fragmentsincrystals 177
Frames 187

207

Free-Form (.inp) File 29
FULLPROFFile 35

-G -

Generate Bonds 94

Generated Atom Data 159
Generated to Input 146

global atom revision 96
GraphicsWindow 22

Graphics Window Menu Bar 44
grid- scale 134

groups - locating or isolating 147
groupsincrystals 177

Groups Located 149

GSAS (.EXP) files 35

_H -

Help menu commands 158
hidingand restoring atoms 120
HPGL files 54

Hydrogen Bond Specifications 95

ICSD File 32

Identifying (Picking) Atoms 158
illuminationvector 106

Import FileButton 136

Import FileDidlog 27

import files- multipledatasets 29
Import FilesSubmenu 26

Initial Orientation 117

input atoms 87

input data - listing 53
input=generated 146
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Inputl Menu 61

Input2 Menu 101 - N -

L NBOND 110
Bl NDASH 110
labels- atoms 130 NDOT 110
labels- bond 131 New Command 25
labels- magnetic 70 NLINE 110
lables- angle 132 NPLANE 110
lattice trandations - disabling 77
LHPM Rietveld File 32 -0 -
light sources - 3D drawing 114 offset - dice 79, 86
Lighting Equation 188 Open command 47
lineproperties- 3D 113 orientation - initial 117
LineWidths 105 ORTEP display mode 124
ListInput Data 53 ORTEPfile 34
Locate Groups 147 ORTEP parameters 110
M - output - calculation 119
Magnetic Labels 70 -P -
margins- Macintosh 156 Page Setup dialog box 37, 156
Mark Atoms 134 Palette 44
material properties- 3D 115 Paste command 157
Metafiles 58 patterns 173
modes - vibrational 98 PDB Files 34
molecular files- exporting 48 pennumbers 173
molecules- locating or isolating 147 Pen Plot 54
moleculesin crystal boundary option 81 b, Piotter Setti ngs 41
moleculesincrystals 177 Pen-Plotter Commands and Parameters
mouse - identifyingatoms 159 42
mouse mode 129 Perspective 103
movie- rotation 145 pickingatoms 159
multiple data setsin import files 29 PICT files 57
Multiple Structures 149 plot codes 159

plot states - atoms and bonds 120
Point-Group Symmetry 71
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Polyhedra 89 Revise Structure Fragment 151
polyhedraproperties- 3D 117 Rims 105

Polyhedron Data 91 Rotate on Cartesian Axes 142
polymers- isolating 147 Rotate on Structure Vector 142
PostScript files 53 Rotate Structure Fragment 152
Postscript printing 53 rotation - continuous 145
PostScript Settings 40 rotation - initial 117

PostScript Transfer Function 41 rotation - stereopair 143
PostScript typefaces- standard 193 Rotation Menu (Graphics Window) 141
POV-Ray FileOutput 60 Rotation Movie 145

Powder Diffraction 139 rotations - removing 144
Powder Diffractogram Window 22

Precession Pattern 140 -S -

Precession Pattern Window 22 Save Ascommand (Graphics) 47
Preferences- Constants Tab 39 Save Ascommand (Text) 155

Preferences- OperationTab 37
Print command (Text) 156

Save command (Graphics) 47
Save command (Text) 155

Print Graphics Image 49 Save Defaults Command 44
Protein Attributes of Atom 163 Save Graphics Window 59
Protein Data Bank (PDB) files 34 SCAL2 110
Scale Grid 134
-Q- Scaing 118
Quitcommand 61 screen preview - PostScript 40
screenshot 59
-R - Select Color 164
Raster (Bitmap) Files 55 Settings Menu (Graphics Window) 37,
Read Structure Fragment from File 150 154 _
Remove Rotations 144 Shad?‘ “input 173
Shading 106

Replot Command 129

Reset Rotation Center of Fragment 153
Revise Atom - BasicTab 87

Revise Atom - Central Distances Tab

SHELX .INSFiles 30
Shubnikov settings 66
Skeletal Display Mode 123

36 diceboundary option 79
Revise Atom - SliceOffset Tab 86 diceoffset - individual atom 86
Revise Atom - Vector Tab 86 Space-Group Symmetry - BasicTab 63
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Space-Group Symmetry - Shubnikov Tab
66

sphere boundary option 81
Standard Display Mode 123
Standard PostScript Typefaces 193

Starting ATOMS - Command-Line
Processing 194

Startup Menu Bar 24
Startup Window 21
Stereopair Rotation
Stereopairs 104
structure axes 62
structure fragment - resent center
structure fragment - revision 151
structure fragment - rotate 152
structure fragment - trandate 152
structure fragments- multiple 149
Symmetry 63

Symmetry - Cartesian 71
Symmetry - Custom 72
Symmetry - Point Group 71
Symmetry - Space Group 63
systematic absences 79

_T-

TAPER 110

Temperature Factor Tab 85
Text Window 23

Text Window Menu Bar
text windows - font 154
Thermal Ellipsoid Display Mode 124
thickness- dice 79

Title/Axes 62

transfer function - PostScript 41

143

153

154

Transform Menu (Graphics Window)
146

Trandate Structure Fragment 152
trandation limitsboundary option 81
Typesof Windows 20

U -

Undo command 157
unit-cell - drawing 181
unit-cell boundary option 75

Unit-Cell Displacements 109
-V -
vector - alignon 143

vector - illumination 106

vectors - Individual atoms 86
VIBRAT (.MOT or .VBR) files 36
Vibrational Modes 98

video - rotation 145

VRML Files 60

W -

Window menu 154
windows - types 20
Windows metafiles 58

- X -

XTLVIEW file 34
-7 -

zones- shading 106
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