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Introduction
Preliminary topics:
General Procedure

Types of Windows

1.1 Capabilities

CRY SCON is a genera crystallographic conversion program, with the followingcapabilities. See
General Procedurefor an overviewof the main possibilities.

1) Data Entry. Data can be importedfrom several popular crystalographicfileformats, readin
through a "free-form" fileinput, or entered manually.

2) Tranformationof unit cell and atomic coordinates Y ou can convert to a sub-cell or super-
cell or simply trandate to a different origin; or any combinationof these. When convertingto a
sub-cell the positions of presumably coincident or superimposed atoms are averaged, and when
converting to a super-cell the extra symmetry-uniqueatoms which may be required are generated.
In any case theresult is a set of symmetry-uniqueatoms for the target cell and symmetry, suitable
for entry into crystallographic software such as Fourier analysis, least-squares refinementor
structure drawing (Control Window, Transformation Parameters dial og).

3) Changeof symmetryin the sameor differentunit cells. Y ou can convert to a sub- or super-
symmetry group, or evena non-related space group. As in the case of cell transformation, new
atoms are generated and/or old atomsare averaged as necessary, and theresult is a set of
symmetry-uniqueatoms for the target cell and symmetry (Control Window,

Transformation Parametersdial og).

4) Transformationof anisotropictemper atur efactor sand atomic vector s (e.g. magnetic
vectors).

5) Computationof bond lengths and anglesin either the original or transformed structures
(Bond Lengths and Angleg.

6) Conversion of temper atur efactor s among the different commonisotropic and anisotropic
forms (Export file).

7) Conversion of atomic parameter samong sever al different crystallogr aphicdatabase and
structurerefinementfor mats (Export fil€).

8) Transfor mationof hklindex data, such as diffractiondata (Transformation Parameters
dialog).
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6 CRYSCON Help

9) Computationof powder diffractionintensititiesand simulation of powder diffractograms

(Powder Diffraction).

10) Simulationof precession photogr aphs(Precession Pattern).

11) Expansion of layers leavingthe layers themselvesunchanged, creating space in between
(Expand Layers).

1.2 General Procedure

The first step isto enter or import the data for the crystal to be transformed. To import from one
of severa file formats, choose Import from the Filemenu. After selectingthe format, you will
seethe Import Filedialog. The 3-letter file extension™ . xxx" in theedit box will be usedto filter
thefiles(that is, the Open Filedialogwill show only the fileswith thisextension). Any changes
you makein file extensionswill be saved for future runs. Someformats may offer a choice of
symmetry option; if thefile actually lists symmetry "as XY Z", that isin the form of thepositions
of the general equipointfor the space group in the International Tables for X-ray
Crystallography.

To enter the data manually, choose New from the File menu

In the first dialog which appears, Title/Axes, supply an 80-character title, and specify the unit-cell
parameters.

The two Symmetry optionsare Space Group and Custom. The Space Group option lists almost
all standard orientationsand origins, so thisis usually thefirst choice. Youcantypeina
Hermann-Maughinor Hall symbol, or givethe International Tables number, but it is normally
safest to select the space group inthe scrollinglist and double-click onit or click the Select
button (be sure the symbols/number for the selected group appears in theedit boxes above). If
you typein the H-M symboal, it isinterpreted either according to Volumel of the 1952 edition of
the International Tables , or VolumeA of the 1983 edition. Themain differencebetweenthe two
isthat in Volumel the default orientationfor monocliniccrystals is a-axis unique, and in Volume
A thedefault isb-axis unique. That is, if youtype in"P2/m" the orientation will be different. Of
courseto becertain you can aso type in thelongform "P112/m" or "P12/m1", or select one of
theseinthelist.

If the space group is a non-standard one, such as C-1 (Charl), it will be necessary to usethe
Custom Symmetry option. Often you can start with the Space Group option and then switch to the
Custom option (Change Symmetry Option button) and make modificationsas necessary. In the
list of operationsyou must supply (if they are not there already), the coordinates of theequivalent
positions of thegeneral equipointas listed in the International Tables , oneperline. If the space
group is centrosymmetricand the originis on acenter of inversion, select the Centric radio
button and supply only half the operations— the center will be supplied by CRY SCON. If the
originis not on a center of inversion, you must supply all the operationsand select the Acentric
radio button.
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Introduction 7

In the Input Atom (Site) dialog, supply the standard atomic parameters. Thetype is normally the
atomic number, but it couldalso be an arbitrary number. If thereis only oneoccupant of the site
or positionit is not necessary to enter the data in the list box. If thereis multiple occupancy, click
on Add and supply the parameters as necessary in the Atom Sharing a Site dialog. For a
cell/symmetry tranformation such multiple occupancies are seldomused - they are simply carried
over for possible Export. Thelabel and type of the main entry will be those of the first occupant.

Whenthe atom list is completeyou are donewith the "Old" crystal. Theatom list is showninthe
Control Window. Y ou can savethis fileor document at any timewith the Save or SaveAs
optionsin the File menu.

General Procedurefor Cell/Symmetry Tranformation

Now click on the Transfor m button to specify the parameters of the "New" crystal. In the
Tranformation Parametersdialog, click onthe Symmetry button if the symmetry of the New
crystal isto be differentfrom the old symmetry. Specify the symmetry as above. The symmetry
specifiedhere pertains to the New orientation, not the Old. Thedefault symmetry is the same as
the Old.

Threetypes of transformation can be carried out - Trandationonly, Input atoms only, and Full
unit cells. Input atoms only is the only option which will transform anisotropic temperature
factors and/or atomic vectors (magnetic, displacement, etc.). See Tranformation Parameters for
more details.

The parameters specifiedin the Tranformation Parameters dial og, going downwardin thedialog,
correspond to the operations successively carried out by CRY SCON.

First, translationsmay be appliedto the input atom coordinates (Pre-symmetrytrandationg. If
the originfor your atom coordinates doesnot correspond to that of the standard symmetry
specifiedfor the Old crystal, corrections must be made here. If you select Translationonly , this
isal that will be done —the remainder of the parameters areignored.

I nput atoms only option:

CRY SCON applies the Pre-matrixtrandations, transforms the coordinates of the Old input
atoms only, and appliesthe Post-matrixtrandations. (Pre-symmetrytrandations are not
used). Thisgivesa set of input atoms for the New structure, and thetranformation is compl ete.
Anisotropic temperature factorsand atomic vectors are transformed to the new unit cell.

Full unit cells option:

CRY SCON now generates all the atomsin the Old unit cell. If the origin of the New unit cdll
differsfrom that of the Old, with respect to the common symmetry elements, you must make
correctionsin the Pre-matrixtrandgationsedit boxes. Such differencesamong sub/supergroups
are common, and it may be necessary to study the diagrams and coordinatesin the I nter national
Tables to get thesetrandations.
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8 CRYSCON Help

CRY SCON now transforms the coordinatesaccording to the matrix supplied. Now it has the
contents of the Old unit cell, expressedin coordinates of theNew unit cell.

In order to fill out the contentsof a supercell, or to shift the contentsfor a reorientation,
CRY SCON now systematically adds and subtracts theNew unit-cell vectors.

Next, in order to averageatom positionsfor a subcell or an increasein symmetry, CRY SCON
similarly adds and subtracts the Old unit-cell vectors. If the positionof a new atom generatedin
thisway falls within the specifieddistance, or Tolerance the atomic positions are averaged.
CRY SCON keepsa running count of the number of atoms averaged in this way. The tolerance
should be large enoughto avoid having quasi-superimposedatoms in the result, but of courseit
must be less than thesmallest bond lengthin the structure. Setting thismay take sometrial and
error. A vaueof 0.4-0.5 seemsto be large enough for even rather extreme casesof atomic shifts
in sub/supercells and sub/supergroups.

Post-matrixtrangationsmay be applied hereif the standard origin for the New space group is
different fromthat of theOld space group. Thisisan alternativeto the Pre-matrixtrandations-
it should not be necessary to use both.

At thispoint, there should be a completeand hopefully realistic set of atomsfor the New unit cell.
Dependingon the symmetry change, the new set may or may not conformto the New symmetry.
CRY SCON now applies the New symmetryto eliminatesymmetry-equiva entatoms. Againa
toleranceis applied to decideif atom positionsare "coincident”. This generates a standard set of
symmetry-uniqueatoms, or the "asymmetricunit". However, in many cases whengeneratinga
subcell or increasing the symmetry the averaging process doesnot put the new atoms exactly on
special symmetry positions.

CRY SCON now applies the new symmetry to the supposed asymmetric unit, to generatea
completeset of atoms for the New unit cell. 'Y ou should know, based on simple volume
considerations, how many total atoms are expectedin the New unit cell. If thenumber of atomsin
the unit cell generatedin this step doesnot agree with that generated by transformation (before
symmetry consolidation), CRY SCON now prints out the number it has generated and asks if you
want to recycleto refine the location of atoms on special positions. If the atomsin special
positionswerenot located withintolerance (.00017??) in the previous step, extra atoms will be
generated, and the total generatedwill be greater than expected. If so, "recycling” will repeat the
previous step of reducing to the asymmetric unit, and hopefully averaging will place the atom
positions closer to the symmetry elements, if not on them (withintolerance). It may take several
cycles of no changein number beforethe number of atoms generated comes down to the number
expected. If thereappears to be noimprovement after 3 or 4 cycles, inspection of the resultsisin
order - the correction to the atoms in special positionsmay be obvious, or it may appear that the
matrix and/or trandations are not valid.

Whenyou declineanother cycle, the processis terminated and theresults appear in a special
Output Text or Edit window (see Types of Windows). This window has a separate menu bar,
with standard entriesfor text editing. This text document or output filecan be saved separately
from the input data (whichisin fileswith extension.cco) using the Save and SaveAs optionin
thismenu bar.

© 2002 Shape Software



Introduction 9

Note that when different input atoms are consolidated during a transformation, for exampl e super-
to sub-cell or on increasing the symmetry, CRY SCON doesnot attempt to combinethe two sets of
occupancies; it simply takesthe list of occupantsfrom the first atom generated.

In the Full unit cells option, CRY SCON doesnot attempt to transform anisotropic temperature
factors; if there are anisotropic temperature factors they are convertedto isotropic B's in theNew
structure. Atomic vectorsare not transformed either - the New atoms will have vectorswhich are
simply copied from thefirst Old input atom which was usedto generatethe New atom.

To go back to the main datainput, click onthe Control Windowor usethe Window menuto
switch. Theprocess or tranformation can be repeated without removingthe Output window, but
its contents will be replaced. If you want to save successiveresultsfiles, use the SaveAs option

(whenthe Ouput fileis activeor has the focus) to givethe filea different name (eg myfilel.ccd)
beforerecal culating.

The transformed (New) input atoms (symmetry-uniqueatoms) can be convertedinto the original
(Old) input atoms with the Transformed to Input optionin thelnput menu.

Other Operations
There are several thingswhich can be donewithout Transformation. All theseoperationsmay be
doneon the transformed atoms, as well as the original atoms, after a transformation has been

carried out.

Bond Lengths and Angles. The Bond L engths and Anglesbutton in the Control Window will
call up a special dialog for this.

Powder and Precession diffraction simulation. Seethe Powder Diffraction and
Precession Pattern dialogs.

Exporting Files. Y ou can writefilescontaining either the Old data or theNew data in most of
the sameformat as are availablefor import. Select Export in the Filemenu. In the case of input
filesfor structure refinement programs, such as SHEL X, RIETAN, DBWS/LHPM, etc.

CRY SCON cannot supply al of the required parameters, only the symmetry, unit cell and atomic
positions and temperature factors. Non-essential informationsuch as commentsis aso not
necessarily passed on, but in most cases the relevant lines can simply be copied from the import
file (Old crystal) to the export file (New Crystal).

1.3 Types of Windows used in CRYSCON

CRY SCON uses four typesof windows besidesdial ogs and aerts; the Startup window, the
Control window, Text windowsand Graphicswindows. In Windows, each window has its own
menus; in Macintosh, themenusare at thetop of the screen. The menusand commandstherein
dependon which type of window is active.
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10 CRYSCON Help

When starting up CRY SCON, the menusdisplayedinclude only a File menuand a standard Help
menu. Use thecommandsin the File menuor the buttons in the window itself to start anew
CRY SCON data set, or read an old onefrom afile,

After you have entered or read in the data for a CRY SCON file, the Control Windowopens. This
isactualy akind of dialog, but it cannot be dismissed without closingthe current data set.  Only
onedata set at atimeisallowedin CRY SCON, and thereis only one Control Window. When this
window is active, the File Menu has additional commands such as Export, the View Menu has
Powder Diffractionand Precession Pattern optionsand thereis an Input Menu for data input and
modification.Note that the Print, Print Preview and Metafile optionsin theFile menuare inactive
- they are active only when a Graphics window (below) is active.

The Transfor m button in the Tranformation Parameters dialoglists the transformed atom
parameters and other data to a separate Text window. TheListing optionin the

Powder Diffractiondialog (File Meny lists the datato a Text window, as doesthe

Bond L engths and Anglesdialog (called from the Control Window). Whenany of theseText
windowsis active, the menubar contains standard menusfor saving, printing and editingthe
contents. Each window actually displaysthe contents of a file, called respectively Powderl.dat,
Powder2.dat and BONDS.DAT. These filesare written over again each timethe respective
optioniscalled, soif they areto be preserved they should be saved with the Save Ascommandin
the File Meny, using a differentname.

The Powder Diffraction and Precession Pattern dialogs (Diffraction Menu) present output in
GraphicsWindows. Whena Graphics menu hasthe focus, the Print, Print Preview, Raster and
Metafileor PICT optionsin the File Menu produce graphicsoutput, essentially what is shown on
the screen. There are four possible Graphics Windows, for Powder Pattern Old and New atoms,
and Precession Pattern Old and New atoms.

2 Menus and Dialogs

Startup Window Menus

Control Window Menus

Text Window Menus

Diffractogram Windows

2.1 Startup Window
Startup Window (see Types of Windows.

Thiswindow appears when CRY SCON isfirst started, or when adata set
(Control Window) is closed.

© 2002 Shape Software



Menus and Dialogs 11

It has its own menu bar, and the followingbuttons for getting a data fileinto CRY SCON.
New - Step-by-step input of anew CRY SCON data set.
Open - Openan old CRY SCON data file.

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

---- CCDC FDAT filesfromthe CambridgeCrystallographic Data Centre.
---- SHEL X .INS filesfrom the program systemof Prof. G. Sheldrick.
---- CIF - CrystallographicInformationFiles.

---- DBWS/LHPM Rietveld input files.

---- ICSD Inorganic Crystal Structure Database files.

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

---- XTLVIEW Drawing program.

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

---- PDB Protein Data Bank files.

---- RIETAN Rietveldprogram files.

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

magnetic vectors.
---- AM MINERAL. Data filesfrom the American Mineralogist structure data base.

---- FULLPROF. All-purpose refinementprogram - may includemagnetic vectors.
---- Free-form (.inp). Thisalowsinput of atomic coordinates and other information
from almost any source.

Exit/Quit - Quit the CRY SCON program.

2.1.1 File Menu - Startup Window
New - Step-by-step input of a new CRY SCON data set.

Open - Openanold CRYSCON datafile.

Close - Closethe current graphics window.

Save - SaveaCRYSCON datafile.

Saveas - SaveaCRYSCON datafilewith a new name

Import File - Shows a pop-up menu with the filetypes currently supported. Thisincludes:

--Free-form(.inp) Thisalowsinput of atomic coordinates and other information from almost
any source.

© 2002 Shape Software



12 CRYSCON Help

--CCDC FDAT filesfrom the CambridgeCrystall ographic Data Centre.

--SHEL X .INS filesfrom the program system of Prof. G. Sheldrick.

--CIF - Crystalographic InformationFiles.

--DBWS/LHPM Rietveld files.

--ICSD Inorganic Crystal Structure Database files.

--ORTEP Original or ORTEP Il atominformation.

--XTLVIEW  Drawingprogram.

--RIETAN Rietveld program files.

--GSAS Datafiles(.EXP) filesfromtheLos AlamosLab system - may include magnetic
vectors.

--AM MINERAL Data filesfrom the American Mineral ogist structure data base.
--FULLPROF . All-purposerefinement program - may include magnetic vectors.
--ATOMS Atomicstructure plotting program (Shape Software).

--VIBRATZ Normal-coordinatecalculation program for crystals and molecul es(Shape
Software).

Quit - Quit CRYSCON.

2.1.1.1 Import Data File

Dialog Box: ImportFile [ FileMenu]

If thereisa data set in memory which has been modified, you are asked if you want to save the
changes.

If thereis more than one data set or phase in thefile, the Data Sets...in Import File dialogwill
present you with alist. Thenameof the CRY SCON data file will be taken from the name of the
file, and the title (Control Window or Title/Axesdialogin the Input Menu) will be taken from the
dataset or phase. Theextension.CCO will be appended to the structure file.

FileExtension. Thethree-letter extension (.XXX) whichidentifiesthe filetype under Windows
may be specified here- only filesof that type will be shown intheOpen File dialog. To show all
files, enter".* ",

Sour ce of symmetry (someformatslack thisoption). If you select Use positionsasxyz, in
which symmetry operators are given in the formof positionsin the general equipointas in the
International Tables , thesymmetry option (Input Menu) will be Custom Symmetry. After
import, you may need to check the Symmetry optionto be sure thecentric/acentric choice and the
Bravais latticetypeare correct (someformats includea center of inversionand/or lattice
centeringsin the operatorsand somedo not). If you select Space group symbol, the

Space Group symmetry optionwill be used. The Hall symbol, the Hermann-Maughinsymbol,
and then the International Tables number will be usedin that order if present. |f you select Use
positions asxyz and the information on operationsis not present, the symmetry option will default
to Space group symbol. TheH-M space-group symbol, Hall symbol, and space-group number
are alwaysread if present.
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Menus and Dialogs 13

If symmetry is presentinthe "xyz" or operation form, this is usually the safest option However,
thisoption doesnot giveinformationon systematic extinctionsor true d-spacings, which are
required for the Powder and Precession options. It isusually possibleto derivethe correct space-
group symbols from the operations using the Get Symbol optionin the Custom Symmetry dial og.

Atom types (someformatslack thisoption). If a distinct atom type number is not present in the
input, CRY SCON will try to assign an atomic number to each input atom either fromthefirst one
or two characters of the atom label itself, or froma separate atom typelabed if that ispresent. In
diffraction refinementfile formats, this separate atom typelabd typically identifiesthe scattering
factor, and it may be a matter of operator preferencewhether this or the atom label (if either) will
identify the element.

Note that in the case of multipleatoms with thesame coordinates, that is multiple occupanciesfor
asite, CRY SCON consolidatesthem into oneinput atom, but preservesthe information onthe site
occupants (see Input Atoms).

Filetypes supported, with the default extension:
**** Free-Form - .inp. Thisimportsfilesin the free-form format described el sewhere(

Atom Parameter Files). Notethat this format has been expanded, so that essentially all relevant
datafor a crystal may be entered.

***%* CCDC (CambridgeCrystallographicData Centre) FDAT - .fdt. The filesnormally
contain a uniqueset of input atoms, which are the same as those requiredfor input of a crystal in
CRY SCON, plusin many cases someextra symmetry-derivedatoms necessary to completethe
molecule; CRY SCON will use only the unique set of atoms, omitting the extra ones.

**x% SHEL X-93 - .ins. CRY SCON is programmed only for SHEL X-93 files, athough it may
also be possible to read SHEL X-76 files.

Symmetry . The Custom Symmetry optionwill be used. Typically the true space-group symbol
can be recoveredfrom thetitle. CRY SCON will read theSYMM linesin the SHELX fileonlyif
they arein standard International Tables format - the trandational part must precedethe
positional part (i.e. 1/2+x, not x+1/2). If the symmetry wascopied fromthe Tables , there should
be no problem. Y ou can edit the symmetry operators after they are readin.

FRAG instruction . Atomslisted betweenthis instruction and the FEND instructionwill be
ignored.

RESI instruction . Atomslisted after thisinstruction will be included, but not treated in any
special way.

Hydrogen atoms. SHEL X has several sophisticated ways of locating hydrogenatomswhich are
not duplicatedby CRY SCON. Frequently, the positions of thehydrogenatoms are not in the
INS file, and must be taken from the output. The output lines giving thehydrogen positions can
be copiedinto the.INS file. If thisis done, atype or SFAC number must be inserted after the
label and before thecoordinates. Thehydrogenlines can also be put into a separate file and read
inwith the SHEL X +filename include-fileinstruction.
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14 CRYSCON Help

Most of theinstructionsina SHEL X filewill beignored. However, CRY SCON may not know
al the currentinstructions. If it cannot identify an instruction, it tries to read the lineas an atom
line(this isthe way SHEL X works). If thisfails, you are askedif you want to add the first four
lettersof the lineto thelist of instructions to be ignored. These instructions-to-be-ignoredare at
the end of the SCRPTR setup file, separated by spacesand preceededby the number of
instructions. Y ou can editthis list if necessary.

**** C|F (CrystallographiclnformationFiles) -.exp. CRYSCON usesonly a small number
of the possibledataitemsin a CIF file and recoversonly themost basic information. The
dictionary file, CIFDIC.SHT (a shortenedversion of thecomplete CIF dictionary), must be in the
homedirectory (thedirectory containingthe CRY SCON.EXE file).

***x* DBWS/LHPM Rietveld - .dbw/.Ihp. TheDBWS and LHPM formats are very similar.

In the Atom typenumber sfrom: box, the Type label optionwill select the NTY P field which
usually containsthe elemental symbol for recovery of the scattering factor.

Three different versionsof DBWS file are recognized: 9002, 9411 and 9807. Trying toread a
9002 file may cause an error onthefirst pass, as CRY SCON tries to read according to the later
formats, and in that case you will have another chance to read again according to the 9002 format.
Files with only one phase are more likely to be read correctly (but please report any problems
reading valid DBWS files).

**** |CSD ( InorganicCrystal StructureDatabase) - .ret/.cry. Threetypesof ICSD fileare
supported:

1) Filesfromthe current CD-ROM database, accessed by the program RETRIEVE. The
RETRIEVE filesmust be written fromthe DATA window using thePRINT option, not as export
files(if thereis sufficient demand, export filesmay be supported). That is, the file shouldbe a
copy of what is shownon the screenin the RETRIEVE program.

2) Filesfromthe Canadian Scientific Numeric Database System (CAN/SND). This servicemay
nolonger be available. Thefilesarereferredto as CRY STIN.

3) Filesintheoriginal CRY STIN format (or closeto it), availablefrom theNetherlandsCAOS
information system, from ETH (Switzerland) and perhaps other sources. Thesefiles are aso
referredto as CRY STIN.

Please contact Shape Software if you have ICSD fileswhich cannot be read by one of these
options. The best procedure is to send samples of the filesby email or an a floppy diskette.

In CAN/SND files, CRY SCON will usethe "NA:" linefor thetitle; in RETRIEVE and original
CRYSTIN files, CRY SCON will use thefirst "MINR" lineif present, otherwiseit will usethe
"NAME" line.

***%* ORTEP - .ort. Thisimportsthe unit-cell parameters, symmetry, atomic positions and
thermal datafrom original or ORTERP I files. It doesnot read the boundary and plotting
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Menus and Dialogs 15

instructions.

*xx% XTLVIEW - xtl. CRYSCON may need to shift the fractional coordinatesto insure that
the originis placed on a center of inversion.

***%* EULLPROF - .exp. The"User-supplied" non-magneticand magneticoptions (BT = +-4

or +-5) are not directly supported - crystallographic and magnetic parametersin filesusing these
options will be read as if one of the standard optionswere used. Magnetic informationis always
read as vectorsin the crystallographic axes (not as polar or other coordinates), and FULL PROF-
specific magnetic symmetry is not currently used.

**x% American Mineralogist StructureDatabase - .amc. The American Mineral ogist structure
database is currently available onthe Internet at www.geo.arizona.edu/xtal-cgi.test. This may
change, but the database should be locatable by searching for American Mineralogist.

**** GSAS - .exp. TheGenera Structure AnalysisSystem (Los Alamos) can give magnetic
moment vectors.

**** RIETAN - xyz. Thisformat givescompletesymmetry operations,includinga center of
inversion and | attice centeringsif present, as numeric matrices. CRY SCON will convert the
matrices to "xyz" form and use the Custom Symmetry option. It will also attempt to identify the
center of inversionand lattice centeringsand will removethem with your approval.

****x ATOM S (Shape Software) - .str. CRY SCON will read and store data on atom colors and
radii from thesefiles. Such datawill be writteninto free-form (.inp) fileswhen exported, and can
then be read back into ATOMS.

**** VIBRATZ (Shape Software) - .vbr. CRY SCON will read the main datafiles(.vbr) from
the Windowsversion.

2.1.1.2 Data Sets in Import File
DialogBox: DataSets...in ImportFile [ Import FileCommand- File Menu ]

Whenyou open an Import File CRY SCON will search throughit to find al the data sets within
it, up toalimit. If thereis morethan onedata set, this dialogwill present you with alist. The
name of the CRY SCON data file will be taken from the name of thefile, and the title

(Control Window, or Title/Axesdialoginthe Input Menu) will be taken from the data set, phase
or crystal selected. The extension.cco will be appended to the structure file.

2.2 Control Window

Thiswindow, which has controlslike a dialog, is present whenever a data setis in memory. It
liststhe input atoms and allows easy modificationof them and accessto themain operationsin
CRY SCON.
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The Symmetry button allows specificationor modification of the current symmetry for the
original or old atoms- it calls up the Symmetry dialog, if an option has not been selected, and
either the Space Group Symmetry or Custom Symmetry dialogsif the option has been sel ected.

The Transform button brings up the Transformation Parametersdialog, which alows
specification of theparameters for the new crystal. The unit-cell and atomic coordinates of the
new crystal are displayedin an output text window whichis called fromthe

Transformation Parametersdialog. If you want to carry out certain operations onthe old crystal
only, such as Export (Filemenu), Powder Diffraction or Precession Patterns (Diffraction Menu
menu), it is not necessary to Transform.

The Expand L ayer s button brings up the Expand Layers dialog- thiswill expand a crystal
structure on certain planes, increasing the length of the selected axis, but leavingthe actual short-
range dimensionsof most of the structure (bonds, etc. withinlayers) unchanged.

The New to Old button will replace the current Old or input atoms, cell and symmetry with the
the New or transformed atoms, cell and symmetry. Y ou will have the option of saving the current
file and assigning a new nameto the transformed data.

The largelist window givesthe current Old or original input atoms, which can be modifiedor
deletedwith the buttons below the list. Atoms can aso be modifiedby double-clickingon the
sel ection, which brings up the Input Atom (Site) dialog.

CRY SCON listsonly distinct atomic positions, or sites, in this dialog. These sites may have
multipleoccupants, which are listed in the Input Atom (Sitg dialog. Thesite occupancy (SOF)
for eachinput atom shown in thisdialog is the sum of the individual occupancies, which can be

accessed throughthe Input Atom (Sitg and Atom Sharing a Site dialogs.

B(equivalent) is equal to Biso or derivedfrom Uiso if thesiteisisotropic, or calculated according
to the formulabelow for anisotropic sites.

Beg= 2pi”*2 (1/3) Sum(i) Sum(j) U(ij) a* (i) a*(j) A@) A())
wherea*'sarethereciprocal axislengthsand A's are the direct axislengths.

The Bond L engths/Anglesbutton brings up adialog allowing calculation of bond lengthsand
anglesfor all atomsor a selected atom - you can choose either the old or new crystal.

2.2.1 Input Atom (Site)
Dialog Box: Input Atom (Site) [ Control Window ]

L abel. Each atom may be assigned a label of up to 6 characters. Labelsin CRY SCON may not
contain any embeddedblanks. Any embeddedblanks or leading blanksin labelsin import files
will be convertedto underscores. Trailing blankswill be stripped.
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Fractional coordinates. For crystals, thex ,y andz coordinatesshould be in fractions of the
unit cell.

Type. Itisusualy expedientto enter thesametype for al atoms which are bonded similarly (e.g.
all carbons, al silicons, all six-coordinated cations, all oxygens, etc.) to save effort in defining
bonds and polyhedra. Theatomic number can usually be usedfor the type, although thereare
situations in which differenttype numbers should be used for the same element.

In atransformation, if atoms are found to be superimposed the type and other parametersare
simply taken from the initial atom generated in thisposition. Thusif it isknownthat atoms are
going to be consolidated, for examplein a super- to sub-cell transformation, it may be a good idea
to use a singletypefor thosewhich will be consolidated.

Any changein the Label or Typefor the site will be transmitted to thefirst site occupant.

The list box givesthe current occupants of the site. To modifyindividual occupants, doubleclick
onthe selection or click the Revise button.

In the TemperatureFactor group, the type number as used in ORTEP must be specified. The
temperature factors are givenbelow (in abbreviated form). The commontype numbersare given
in the dialog; other typesare rarely used nowadays. Supply the b, B or U double-subscripted
coefficientsas required - intype0, the b coefficientsare usualy called betas. If thetypeis
isotropic, the singlevalue (B or U) isgivenin the (11) box.

ORTEP Types of TemperatureFactors

TypeO - eM(-b11h"2...+2b12hk...) *** Beta aniso

Typel - eM(-b11h"2...+b12hK...)

Type2 - 2"(-b11h"2...+2b12hkK...)

Type 3 - 27(-b11h"2...+b12hk...)

Type4 - eN(-.25(a*"2B11h2...+2a*b*B12hk...)) *** B aniso

Type5 - eM(-.25(a*"2B11h"2...+a*b* B12hk...))

Type6 - ISOTROPIC - e’(-B(sin(theta)/lambda)*2) *** B iso

Type 7 - sphere of arbitrary radius

Type 8 - eN(-2pin2(a*"2U11h"2...+2ax b* U12hk...)) *** U aniso

Type9 - eN(-2pin2(a*"2U11h"2...+a*b* U12hK...))

Type 10 - ISOTROPIC - eN-2pi~2U(sin(theta)/lambda)~2) *** U iso (not a standard ORTEP

© 2002 Shape Software



18 CRYSCON Help

type)

2.2.2 Atom Sharing a Site
Dialog Box: Atom Sharinga Site [ Input Atom (Site) dialog]

Thislists the propertiesfor each occupant of a site.

Site occupanciesin CRY SCON do not include space-group multiplicitiesand thetotal for a fully-
occupied siteshould be 1.0. If Import or Export filesincludemultiplicitiesCRY SCON should

convert as necessary.

The Type and Site Occupancy will be used in the intensity calcul ations for Powder or Precession
patterns. For thispurpose, thetype number should be a valid atomic number, unlessthe
SCATFAC.DAT file(containingthe scattering factors) is modified.

Any changeinthe Label or Typeof thefirst occupant will be transmitted to the main entry for
the siteinthe Input Atom (Site) dialog

The Element, Char ge and Scattering Number are parameters specificto someimport/export file
types, and are not used by CRY SCON. They may not be meaningful unlessthe datais exported

in the same format in which it wasimported.

2.2.3 Bond Lengths and Angles
Dialog Box: Bond Lengthsand Angles [ Control Window ]

This supplies the parameters for the computation of thelist of bond or interatomic distancesand
anglescentered on oneor all of the input atoms. Y ou can select either original (Old) or
transformed (New) atoms. The radio buttons determinewhether distances and angles are
computedfor all input atomsor only the one currently selectedin the Control Windowor in the
edit box.

Only 36 atomsin additionto the central atom are allowed, so the distancelimit for central-
ligand should normally not be more than about 4 Angstroms. Anglesare only calculated for
ligand pairs at lessthenthe ligand-ligandlimit; if you want to determineanglesfor atomson
oppositesides of the central atom, the ligand-ligandlimit should be twice the central-ligandlimit.

The results of the distance and angle calculations are written to a file called either Bondsl.ccd
(original atoms) or Bonds2.ccd (transformed atoms) in the homedirectory (see

Files used by CRY SCON), and then shownin a Text window (see Types of Windows). This
window has its own menusfor editingand saving the text file. From this Text window, return to
the Control window and the ordinary operating modeof CRY SCON by clickingin the Control
Window, or withthe Window menu.
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Errors in bond lengths and anglesare not calculated by CRY SCON. Thisis because sufficient
dataare seldomavailablefor accurate calculation - it would be necessary to have the complete
variance-covariancematrices for both the unit-cell and atomic-parameter refinements. The
differencebetweenthe correct error values and those calculated using only the standard deviations
of the parametersis usually not large, but discrepanciesbetweenvalues in the original
publications and those cal culated by CRY SCON could create confusion.

2.2.4 Expand Layers
Dialog Box: ExpandLayers [ Control Window ]

This option will expand a crystal structure on certain planes, increasing the length of the selected
axis, but leavingthe actual short-range dimensionsof most of the structure (bonds, etc. within
layers) unchanged. It operateson input atoms (original crystal), leavingthe symmetry unchanged.

Any atoms which are exactly on the expansionplane (for example K atoms in a mica structure)
will remain on the expansion plane, and thus bonds from these atomsto other parts of the
structure will be lengthened. Bonds connectingstructural layers will also be lengthened.

The Expansionfactor isthe amount by which theselected axis isincreased. For example, if the
c-axisis 10.0 Angstroms before conversion, an expansionfactor of 1.5will changeit to 15.0
Angstroms.

Expand on axis. Thisselectsthe axis to be lengthened. Fractional coordinates of most atomson
thisaxis will be changed. Theother two axes, and fractional coordinateson theseaxes, will be
unchanged.

Number of planes There are often several symmetricallyidentical planes cutting the selected
axis. For example, theremay be identical mirror planesat 0.0 and 0.5. Y ou must determinethis
number from examination of the space-group symmetry.

Expand at zero. There may be a choice of location of theexpansion planes. Normally this will
be a choicebetween theset of planes at fractional coordinate zero (on the expanded axis) and
another set at somerational fractions. For example, if the Number of planesis 2, there may bea
set at 0.0 and 0.5 and another at 0.25 and 0.75. |f the Expand at zer o box is checked, the
expansion will be at the first set.

At the momentan arbitrary locationof the expansionplaneis not supported, and for low-
symmetry crystals, or thosewhich have a choice of morethan two locations, it may be necessary
to adjust all coordinates so that theexpansion planeisat zero. If thissituationis common,
support for arbitrary locationwill be added.

Tolerance Thisisused to decideif an atomis exactly on the expansion plane, in which case its
coordinateon the expansionaxis will not be changed- that is, it will remain exactly onthis plane.
Toleranceisinfractiona coordinateunits (not Angstroms). |f you want atoms which are exactly
on the expansion planeto remain in continuity with the remainder of the structure, their fractional
coordinates on the expansionaxis should be changedby greater than the tolerance. Usually this
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will result in duplication of theatoms.

2.2.5 File Menu - Control Window
New - Step-by-step input of a new CRY SCON data set.

Open - Openanold CRY SCON datafile.

Close - Closethe current graphics window.

Save - Savea CRYSCON datafile.

Saveas - SaveaCRYSCON datafilewith a new name

Import File - Shows a pop-up menu with the filetypes currently supported. Thisincludes:

--Free-form(.inp) Thisallowsinput of atomic coordinates and other information from almost
any source.

--CCDC FDAT filesfrom the CambridgeCrystallographic Data Centre.

--SHEL X .INS filesfrom the program system of Prof. G. Sheldrick.

--CIF - Crystallographic InformationFiles.

--DBWS/LHPM Rietveld files.

--ICSD Inorganic Crystal Structure Database files.

--ORTEP Original or ORTEP Il atominformation.

--XTLVIEW Drawingprogram.

--RIETAN Rietveld program files.

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

--AM MINERAL Data filesfrom the American Mineral ogist structure data base.
--FULLPROF . All-purposerefinement program - may includemagneticvectors.
--ATOMS Atomicstructure plotting program (Shape Software).

--VIBRATZ Normal-coordinatecalculation program for crystals and molecul es(Shape
Software).

Export File - Thiswill write unit-cell, symmetry and atomic-coordinateinformation in most of
the Import formats above.

Quit - Quit CRYSCON.

2.2.5.1 Export Data File
DialogBox: ExportDataFile [ FileMenu]
Y ou have the choice of exportingthe original (Old) or transformed (New) data. Notethat the

transformed data is not otherwise saved except in the .ccd filewhichis written on transformation,
although it can be recalculated easily enough.
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Most of the import/export formats supported by CRY SCON fall into one of two categories;
archival formats and refinementformats. The archival formats, such as CIF, ICSD and CCDC
tend to give only basic crystallographic information, including space group, unit cell parameters,
atomic coordinates and thermal parameters. Therefinement file formats, such as DBWF, SHEL X
and GSAS generally contain much more information, such as scattering factors, weighting factors
and refinement flags. CRY SCON generally cannot provide all this latter information, and it
cannot be expectedthat a refinement-formatfile written by CRY SCON will be successfully read
in by the target refinement program (e.g. DBWF, SHEL X or GSAS) without many additionsand
even someediting of the lineswhich are writtenby CRY SCON, sinceeven these linesmay contain
somerefinement-specificdata.

Space groups symbolsmay be writtenin many ways, for example space group number 116: P-
4c2; P-4 ¢ 2;P -4 ¢ 2; P4-c2. CRYSCON doesnot generally changethe symbol - it isusualy
exported in theform it was imported or entered. The Sginfo routines used by CRY SCON can
interpret many of the variations, but export target program may not be able to interpret some
forms, and it may be necessary to edit thespace group symbol after exporting afile.

Y ou can convert the type of the temperature factors, e.g. from beta'sto U's; and/or you can
convert from isotropic to anisotropic and viceversa. Of coursenot all export formats allow a
choice. If theKeep currentform radio button is checked, the current temperature factors will be
kept, if possible . However,the export format may not support the current form, in which case
the temperature factors will be convertedto a typewhichis supported.

The equivalentisotropic temperature factor, if converting from anisotropic to isotropic, will be
computed according to the formula:

Beg= 2pi*2 (1/3) Sum(i) Sum(j) U(ij) a* (i) a*(j) A(i)) A(j) wherea*'sarethereciprocal axis
lengthsand A's are the direct axis lengths.

If the Remove multipleoccupanciesbox is checked, only a singleatom will be writtenfor each
site, using the relevant data for the first atomin thelist of occupants. If not, in most fileformats a
new atom will be writtenfor each siteoccupant - that is, thenumber of atoms in the export file
will be larger than the number of siteslisted by CRY SCON.

Note that when different input atoms are consolidated during a transformation, for exampl e super-
to sub-cell, CRY SCON doesnot attempt to combinethe two sets of occupancies; it simply takes
thelist of occupantsfrom the first atom generated.

2.2.6 InputMenu

Title/Axes- Input of the 80-character title, selection of crystal systemand specification of unit-
cell parameters

Symmetry - Selection of space-group or custom symmetry
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2.2.6.1 Title/Axes
Dialog Box: Title/Axes [ Input Menu ]

The tittemay have up to 80 characters of identifyinginformation.

Y ou should supply the axislengths and interaxial angles appropriate to the crystal system you
selected. Axislengths should be in Angstroms, and anglesin degreesand fractions (not minutes
and seconds).

Although standard crystall ographic nomenclature givesthe same letter (usually a) to symmetry-
equivalentaxes, after theinitial input CRY SCON may call all axes, whatever thesystem, "a, b,
andc" and angles"Alpha’, "Beta' and"Gamma'.

2.2.6.2 Symmetry
Dialog Box: Symmetry [ Input Menu- Control Window - Transform Dialog ]

The authority and source of information for crystal symmetryis normally the International
Tables for X-ray Crystallography . However, any space-group symmetry may be used for the
atoms. There are two options for selecting or entering symmetry information.

Space group from table - Choosea space group by symbol or number.

Custom Symmetry (xy? - Enter al the individual operationsas fractiona x,y,z coordinatesin
the unit cell.

Each choicecalls up a sub-dialog.

2.2.6.2.1 Space-Group Symmetry
Dialog Box: Space Group Symmetry from Table [ Symmetry dialog]

Space-group symmetry is obtained using licensedexcerpts from the SGInfo program of Ralf
Grosse-Kunstleve.

Y ou can specify the space group in any of threeways: 1) the Hermann-Maughin (H-M) or
International symboal; 2) theHall symbol (S.R. Hall: ActaCryst., A37, 517, 1981); or 3) the
number of thegroup in the International Tables for X-ray Crystallography .

International Tables Volume Y ou havethe option of using the older versionof the Tables
(called the Second Edition : various revisionsand reprints from 1952 to 1979) in whichthe
symmetry informationwas in Volumel, or thenewer version (1983 onwards) in whichitisin
VolumeA. The principa differencebetween thetwo versionsisthat in the older onethe unique
axis of amonoclinicgroup is assumed to be thec-axis, whereas in thenewer oneit is assumed to
be the b-axis. Thus entering the symbol P2/m givestwo different orientations dependingon the
volume selected. Y ou can always specify the orientationby enteringthe long form of the symbol,
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ieP2im11, P12/mlorP112/m.

The H-M or Hall symbol can be typed into the appropriate edit box in either short form or long
form, with or without spaces betweenpositions. However, it isusually safer to select the symbol
from thelist box at the bottom, which givesthe standard-form symbolsfor all thespace-groups.
Clicking the Select button copiesthe relevant data to the edit boxes at thetop; it does not actually
generatethe symmetry. Symmetry generationis doneafter you click OK - this may take a few
seconds.

If the space group you select doesnot appear to be consistent with your choiceof axes, a warning
box appears, but in most cases consistencyis not required. However,if you selectedtrigonal
rhombohedral axesin the Title/Axes dialog, only a rhombohedral space group may be sel ected.
Thisisdone by adding :R to the end of the symbol in the case of H-M symbols, or asterisk (*) in
the caseof Hall symbols. If you select the rhombohedral setting and then switch to the

Custom Symmetry option, the lattice type will be P; it will be R if the axes are hexagonal.

Origin of coordinates. Inthe International Tables , 24 space groupsin the orthorhombic,
tetragonal and cubic systemsare givenwith a choiceof origin: 1) not ona center of inversionor 2)
ona center of inversion. These two origins are selected by adding :1 or :2 respectively to the end
of the H-M symbol or the number. Althoughthe originonthe center is second in the Tables and
inthelist, if the number is omittedthis will be the default. This differencein originisexplicitin
the Hall symbol, and other choicesof originmay be specified for any space group with the Hall
symbol. Note alsothat the origin may be shifted beforetransformation (see

Transformation Parameters).

2.2.6.2.2 Custom Symmetry
Dialog Box: Custom Symmetry [ Symmetry Dialog]

CRY SCON can access all the standard orientationsfor space groups in the International Tables
but thereare still afew possibilities for alternate settings of symmetry elementswith respect to
structure axeswhich are not listed in theTables . In some cases displacement, rotation or
permutation of atomic coordinates may not be convenient,and it may be easier to enter the
symmetry operationsfor the non-standard setting. These are sometimesgivenin reports on
structures (e.g. Wyckoff, Crystal Sructures). Note howeverthat oftenonly the operationsfor
specia positionsare given: CRY SCON needsall the operationsfor the general position.

Some | mport formats do not give a space-group symbol, and symmetry is suppliedin the form of
operationsas Xyz, or as actual numerical matrices. CRY SCON converts numerical matricesto
xyzform.

The Symbol isnot used by CRY SCON for transformations, unlessyou switch to the

Space Group Symmetry option. However, the Powder and Precession optionsrequire avalid
space-group symbol - they must use the symmetry from the symbol rather than the custom
symmetry.

Get Space Group Symbol. Thisbutton will attempt to identify the space group from the
operations, the lattice type and the centric/acentricsetting. |If the operations containan inversion
center or lattice centerings, CRY SCON should identifythem and they can be removedat your
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option. Clickingthe Change Symmetry Option button will automatically causes an attempt to
identify the space group.

If you specify Centric, rather than Acentrig you must enter only half of the symmetry operations
(as giveninthe International Tables ), relatedto any othersby the center. Thetwo sets or halves
of the operationsrelated by thecenter will have oppositesigns on thex, y and z coordinates. The
Centric choiceimpliesthat the originof coordinatesis ona center of inversion. If the space group
isactualy centric, but the originis not on a center, select Acentricand enter all the operations.
Note that for a transformation the atomscan be shifted (Pre-symmetrytrandationg in the
Tranformation Parameters dialog, to placethe origineither on or off an inversioncenter.

The Bravaislatticetype isin most cases the capital |etter which beginsthe space-group symbol.
However, CRY SCON uses asomewhat different conventionfrom the standard for trigonal
crystals: if you are using hexagonal axes for a rhombohedral crystal (whosestandard space group
symbol will always beginwith"R"), enter "R" - if you are using the primitiverhombohedral
axes, enter "P".

In the Operationsgroup, you must enter all the "symmetry operations' for the most general
positionin thestructure. Click onthe Add Line button to add a line, Deleteto removeone. Note
that there should be only one operationper line. Enter or edit the linein the edit box to the right of
thelist.

2.2.7 Diffraction Menu

Y ou can do Powder diffraction, either as a diagramor alisting, or a Precession pattern.

The Font itemin thismenuwill set thefont for the legendsin the diagrams as well as the lettering
for theindicesin the powder diagram.

The font for the powder listing, shownin a Text Window, is set in the Window Menu of thethe
Text Window.

2.2.7.1 Powder Diffraction
Dialog Box: Powder Diffraction [ Diffraction Menu]

Y ou can computethe pattern or list for either original (Old) or transformed (New) atoms and unit
cell.

If you selecta List, thelist will appear in a Text window (see Types of Windows). Therewill be
alineinthelisting for each crystal form, or symmetry-uniqueset of reflections(with center of
inversion assumed). If thereis morethan onewavelength, the2-theta and relative intensity will be
listed for eachinthat line.

If you select a Graph, you may show eitherBars or a Curve - the curve will use Gaussian lines
with the selected full width at half maximum (FWHM). For a curve, the location of individual
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reflectionswill be shown as a short bar underneath the curve.

The Linewidth pertainsto thewidth of all linesor "penstrokes' in the graph, not thewidth 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 moredetail in the weaker reflections, thisfactor can be increasedand the
stronger reflectionswill be truncated.

If the atom records includetemperature factors, they will be used. If an atom has no temperature
factor, the B isotropic valuein the Default temper atur efactor box will be used. No absorption
or extinction correctionsare applied.

Scattering factors used by default are those for neutral atomsfrom Volume4 of the Inter national
Tables (1974) edition. Atomtype numbers must beatomic numbers, or must correlate withthe
order of the entriesin the SCATFAC.DAT file. This filemay be editedto supply different
scattering factors (see Files Used by CRY SCON). Type numbers are taken modulo 100, that is
6, 106, 206 etc. al indicate carbon. By default number 99 is deuterium (symbol D) and 98 is
tritium (symbol T).

There arefive optionsfor wavelength; averaged K (alpha); separate K (alpha)land K (alpha)2;
averaged K (alpha) and (separate) K (beta); a single Specified X-ray wavelength; and Neutron -
wavelength.  For the first three options, the X-ray tube target elementmust be selectedin the
Radiation combo box. Whentwo wavelengthsare calculated, the bars indicatingthe 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. For
unfilteredradiation thisis in theneighborhoodof 0.2. Of courseit will be smaller for filtered

radiation.

This option givesonly a semi-gquantitative cal culation of powder intensity, intendedfor purposes
of identification. For somewhat more elaborate options, includingthe ability to show multiple
species, try the program Powder Cell. For highly quantitative reproduction of powder patterns,
thereare now many Rietveld programs available (see Import and Export files).

The results of the Graph option are shown in a graphics windows(see Types of Windows), and
when thiswindow is active, the filemenu allows graphics Print and saving Metafiles Thereisa
different window for the Old structure and the New structure.

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 itis
not, it should be possibleto transform to a valid setting. For example, thespace group C-1is
sometimesused. Itispossiblefirstly to transformto the primitivecell (use the standard matrix C-
>P). However, thiswould changethe indicesof the X-ray reflections. Alternatively,the
transformation could be from C-1 to P-1 with the same cell. The h+k odd reflectionswill have
zerointensity, but the other reflectionswill be indexedas for the original cell.
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If the Index graph box is checked, theindiceswill be written aboveeach line. Theindicesare
displaced somewhat in a vertical directionif they are closetogether, but to index complex spectra
it may be necessary to expand thescale using the 2-theta minimumand maximum settings. The
font for theindicesis 0.8 timesas largeas the font for thelegends. Thisfontisset inthe
Window Menu, or the Diffraction Menu of theControl Window.

The 2-theta, d-spacing and intensity (on a scale of 0to 100 for the strongest peak) for the point of
the cursor are written at the bottom of the window.

2.2.7.2 Precession Pattern
Dialog Box: PrecessionPattern [ Diffraction Menu |

Y ou can select either the original (Old) or transformed (New) atoms.

The Precession angle (mu) and Crystal-Film distanceshould match thoseof therea filmto
which comparisonisto bemade. The Precession angle determinesthe extent of the patternin
reciprocal space. |If the Fixed Scale option (rather than Fit in Window) is selected, the pattern
will beintrue scale. This can be atered with the Factor, whichis 1.0 by default.

The part of the reciprocal lattice shown is determined by the Horizontal axis, the Other axisand
theLevel. For example, for aOkl pattern with b* horizontal, the Horizontal axis is b*, the Other
axisisc*, andtheLevel isO.

Reflectionsare shown as squares whosearea is proportional to the calculated relativeintensity.
The intensitiesare normalized based on the number of el ectronsin the unit cell ( intensity of
reflection 000) and the smallest reciprocal lattice spacing in this net. The Intensity factor scales
the edgelength, not area, of the squares (thus it really appliesto the structure factor).

If an atom has no temperature factor, the B(iso) valuein the Default temper atur efactor edit box
will beused. Extinctionand absorption are not considered.

Scattering factors used by default are those for neutral atomsfrom Volume4 of the Inter national
Tables (1974) edition. Atom type numbers must beatomic numbers, or must correlate withthe
order of the entriesin the SCATFAC.DAT file. This filemay be editedto supply different
scattering factors (see Files Used by CRY SCON). Type numbers are taken modulo 100, that is
6, 106, 206 etc. dl indicate carbon. By default number 99 is deuterium (symbol D) and 98 is
tritium (symbol T).

If the Show grid box is checked, thereciprocal latticewill be shown as a gridin red onthe screen
and color output, or as dottedlinesin black-and-whiteoutput.

The results of thisoption are shown in a graphics windows(see Types of Windowg, and when
thiswindow s active, the file menuallows graphics Print and saving Metafiles Thereisa
different window for the Old structure and the New structure.

For this option to work properly the space-group symbol entered either in the
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Space Group from Table or Custom Symmetry option must be valid for a standard setting. If itis
not, it should be possibleto transform to a valid setting. For example, thespace group C-1is
sometimesused. Itispossiblefirstly to transformto the primitivecell (use the standard matrix C-
>P). However, thiswould changethe a and b reciprocal axesand the indicesof the X-ray
reflections. Alternatively, the transformation could befrom C-1 to P-1 with no changein unit cell.
The h+k odd reflectionswould be calculated and have zero intensity, but the other reflectionswill
be indexedas for the original cell.

If the Show extinctionsbox is checked, systematically absent reflectionsare marked with a small
circle, inredin color display and output.

Clicking ona reflectionwill bring up an aert box showing the indices, the d-spacing, the structure
factor (JF|), theintensity (1) and the Lorentz-polarizationfactor.

The font for legendsis set in the Window Menu, or the Diffraction Menu of theControl Window.

2.2.8 Window Menu

The Window menu lists al the possiblewindowsin CRY SCON - 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 0.8 times the size of the lettering for legends.

2.2.9 Help Menu
The Help menu offersthe following commands, which provide you assistancewith this
application:

CRYSCON Help Topics. Thisbringsup the Help system. Use the Content, Index or
Findtabs to locate information on a particul ar topic.

About. Thisgivesthe versionnumber of CRY SCON. For Macintosh, the About dialog
is either inthe Apple menu (OS 8/9) or the Application menu (OS X).

2.2.10 Transformation Parameters

Dialog Box: TransformationParameters [ Control Window ]
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The structure whichisinput and listed in the Control Window is referred to as the Old or original
structure, and that derived from it isreferred to as the New or transformed structure.

Click on the Symmetry button if the symmetry of the New crystal isto be differentfrom the Old
symmetry. The default symmetry is the same as the Old. The symmetry specified here pertains to
the New orientation, not the Old, i.e., CRY SCON doesnot transform symmetry, so you must
supply the correct symbol or operationsfor the transformed unit cell. The symbolsfor different
orientationsare listed in the International Tables Vol.1 (1952) Table 6.2, andin thefile
HALL.DAT - these symbolsall appear in the list box in the Space Group Symmetry dial og.

Threetypes of transformation can be carried out.

1. Tranglation only simply adds the Pre-symmetrytranglationsto the input atoms (Old or
original atoms) and does nothingelse.

2. Input atomsonly applies pre- and post-matrix translations and thetrand ation matrix, but does
not try to fill out the unit cell for either the old or new setting. The number of New symmetry-
unigue atoms will be the same as that of the Old input atoms. Thisisthe only optionwhich will
transform anisotropic temperaturefactors. This option may be usedfor simplereorientation
involvinginterchangeof axes, and other transformationswhich do not involvea change of
symmetry or primitiveunit-cell volume. 1t can be used for primitiveto non-primitive
transformationsand vice-versa, and transformations among different non-primitiveBravais cells.
Again, the correct symmetry for the New orientation must be supplied.

3. Full unit cells will transform all atomsin the Old unit cell to thosein the New unit cell,
generating new atoms when necessary (supercell or decrease of symmetry) and averaging atomic
positionwhen that is necessary (subcell or increase of symmetry). Anisotropictemperature
factors are not transformed - they are convertedto isotropic. Vectorsare transformed, althoughif
the symmetryis changedthe new vectors are not guaranteed to be consistent with the new
symmetry.

The Toleranceis used to decideif atoms are coincident, and their positionsshould be averaged (if
the unit cell is decreasedin volume, or the symmetry isincreased). Thetolerancein Angstromsis
convertedto fractional coordinateson X, y and z, and appliedto each atomic coordinatein turn.
That is, atoms are consideredto be coincidentif they fall withinaunit-cell shaped box with edges
of lengthequal to thetolerance.

Use symmetry on vectors If thisbox is checked, vectors (such as magnetic spin vectors) will be
operated on by the symmetry elements. If not, the atoms generatedfrom each input atom will all
havethe same vector as that input atom. Note that CRY SCON, unlikeATOMS, doesnhot apply
Shubnikov symmetry.

The Standar d matricescombo box will supply matrices for some common unit-cell
transformations. These matricesshould all preserve the chirality or "hand" of the structure - other
combinationsof signsonthe coefficientsare possible, particularly for the last five matrices for
simpleinterchangeof axes.
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The parameters specifiedonthe left side of the Tranfor mation Par ameter sdialog, going
downwardin the dialog, correspond to the operations successively carried out by CRY SCON -
see General Procedurefor more detail. After setting and verifyingall parameters, click on the
Transform button, and the results appear in a new text window (see Types of Windows.

First, Pre-symmetrytranslations may be applied to the input atom coordinates. If the originfor
your atomic coordinates doesnot correspond to that of the standard symmetry specified for the
Old crystal, corrections must be made here.

---Translationonly (origin shift) option

Nothing beyond Pre-symmetrytransationsis done— the remainder of the parameters are
ignored.

---Input atomsonly option.

The Pre-matrixtrandationsare applied to the Old input atoms, they are transformed withthe
matrix, and the Post-matrixtranslationsare applied. (Pre-symmetrytranslationsare not used).

---Full unit cellsoption

CRY SCON now generates all the atoms in the Old unit cell. If the origin of the New unit cell
differsfrom that of the Old, with respect to the common symmetry elements, you must make
correctionsin either the Pre-matrixtranslationsor Post-matrix translationsedit boxes. Such
differencesamong sub/supergroups are common, and it may be necessary to study the diagrams
and coordinatesin the International Tables to get thesetrandations. CRY SCON transformsthe
vectors on theinput atomswith the symmetry matrices. In the case of special positions, the vector
istakenfrom thefirst atom generatedfor that position. For subsequent atoms generatedfor that
position, the new vector is compared and a warning message issuedif the two vectorsare not the
same.

The transformation matrix is in the nine edit boxes. Some common standard transformation
matrices may be selectedin the Standar d matricescombo box to theright. The upper three
coefficients(first line) of the matrix givethe New a-axisin terms of theold a, b and c axes.
Likewisethe secondand third lines specify thenew b- and c-axes.

CRY SCON now transforms the coordinatesaccording to the matrix supplied, addingadditional
atoms by tranglationif necessary, or averaging atomic positionswhen necessary. The Tolerance
is used to decidewhen atomic positions are "coincident”, and must be averaged. The tolerance
should be large enough to avoid having quasi-superimposedatoms in the result, but of courseit
must be less than thesmallest bond lengthin the structure. Setting thismay take sometrial and
error. A valueof 0.4-0.5 seemsto be large enough for even rather extreme casesof atomic shifts
in sub/supercells and sub/supergroups.

CRY SCON doesnot attempt to averagevectorson coincidentatoms; it takes the vector fromthe
first-generated atom and issues a warning messageif vectors on subsequent coincidentatoms are
not thesame.
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Post-matrixtrangationsmay be applied hereif the standard origin for the New space group is
different fromthat of theOld space group. Thisisan aternative to the Pre-matrixtrandgations-
it should not be necessary to use both.

CRY SCON now applies the New symmetryto eliminatesymmetry-equiva entatoms. Againa
toleranceis applied to decideif atom positionsare "coincident”. This generates a standard set of
symmetry-uniqueatoms, or the "asymmetricunit". However, in many cases whengeneratinga
subcell or increasing the symmetry the averaging process doesnot put the new atoms exactly on
special symmetry positionsand the cal culation must be repeatedin part - see General Procedure

The Clear button resetsthe transformation matrix to the identity matrix, and it also resets the
Symmetry to be the same as that of the Old structure.

The Transform HKL file button will read a file containingindex data and transform the indices.

2.2.10.1Transform HKL File
TransformHKL File[ Transformation Parametersdialog ]

Thisoption will read a file containinga list of X-ray (or other diffraction) reflections, or just a list
of crystal faces, and transform themto a new axia systemor unit cell.

Youwill be asked to specify theinput file, and the output file (whichmust be different).

The data to be transformed must be in atext or ASCII filewith one hkl per line. The data must be
in fieldsseparated by spaces.

The first three fieldsmust be the hkl indices(integers). There may be as many as 8 additional
fields, containing a phabetical or numericinformation(these are read as strings).

To reach thisoption, click onthe Transfor m button in the Control Window. Theonly datawhich
isused in the Transformation Parameters dialogis thetranformation matrix. It isnot necessaryto
click theTransform button to transform indices.

It ispossibleto haveinvalid transformedindices. For example, if the a-axisis halved, theindices
(100) will betranformedto (1/2,0,0). CRY SCON will attempt to clear such fractional indices,
for examplechanging (1/2,0,0) to (1,0,0) and (1/2,1,0) to (1,2,0). Notethat such changedindices
will be valid for morphology, but not necessarilyfor diffraction. If oneof the extrafieldsin the
file (notindices)is thed-spacing (or central distance derivedtherefrom) it will not be changedand
thus somevalues may not correspond to the new indicesif fractions are cleared.

The transformed data will bewritten line-by-lineto the output filein the same order as in the input
file, but columnformattingwill not be preserved- the fieldswill be separated by a single space.
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2.3 Text Windows

When a text window is active, the menubar containsa File Menu, for saving and printing the
contents, and a standard Edit Menu for editingthe contents.

To return to the main menubar, click onthe Control Window (see Types of Windows, or use the
Window menu

The Transfor m button in the Tranformation Parameters dialoglists the transformed atom
parameters and other data to a separate Text window. TheListing optioninthe

Powder Diffractiondialog(File Meny lists the datato a Text window, as doesthe

Bond L engths and Anglesdialog (called from the Control Window). Each window actually
displaysthe contents of afile, called respectivelyLIST.DAT and BONDS.DAT. Thesefiles are
written over again eachtime the respectiveoptionis called, soif they are to be preserved they
should be saved with the Save Ascommandin the File Menu, using a differentname.

2.4 Powder Diffractogram Window

Thisis a graphics window which appears as the result of the Powder Diffractiondialog(Graph
option) in the Diffraction Menu It may show either the old or original atoms, or the new or
transormed atoms.

To return to the the Control Window if it is not visible, use the Window Menu

File Menu Inadditionto thestandard Save, this has optionsfor printing and graphics file output.
Window Menu To set thefont (for al diffractogramwindows) and switch betweenwindows.

2.4.1 File Menu (Diffraction Graphics)

The optionsherefor graphics output (Print, PostScript, Raster, Metafileor PICT) are for
Powder or Precession graphics only.

2.4.1.1 Print Graphics
Dialog Box: Print Graphicsimage [ File Menu (Powder) or FileMenu (Precession)]

If the Standard printer dialog on OK box is checked, thePrint dialog supplied by theoperating
system or the printer driver comesup after you click OK. Usethat dialogto set the number of
copies, the orientation (Portrait/Landscape) or the resolution.

Color output givesessentially the same image as on the screen, with the bars for a second
wavelengthin the Powder pattern, and thereciprocal-lattice grid in the Precession pattern being in
red. If the Color box isunchecked,theselinesare shown dotted. If you havea color printer, you
may need to make a choice between color and black-and-whiteprinting in one of the printer
dialogsas well as with the Color printingcheckboxinthisdialog. Thischoice may be an option
in the standard printer dialogabove, or you may need to set it inthe Print Setup optionin the File
menu.
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See Frames for details of the frame and frame units.

2.4.1.2 Page Settings

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

For Macintosh, marginsare set in Page Margins

2.4.1.3 Page Margins
————— Macintosh only----

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

2.4.1.4 PostScript Output
Dialog Box: Direct Postscript Output [ File menul

---- Windowsonly ----

Thisoption can be used to write Encapsul ated Postscript (EPS) filesfor transmissionof
graphicsto other software, aswell as for direct output to a Postscript printer. Thisdirect
output isgenerally superior to, as well as faster than, the output from the normal

Print Graphicscommand inthe File menuif your printer isPostScript. The Destination
option sendsoutput either directlyto 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 ----
Thisoption 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 .
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Most word-processing and publishing software cannot display an EPS fileon the screen
unlessthe filehasa specia attachment, called the screen preview. Thisisactualy aPICT
in the resourcefork of thefile.

---- End Windows/Macintoshonly ----

Settings button (PostScript Settings dialog). On or beforefirst using the Dir ect
PostScript Output command, you should set or verify the settings inthis dialog,
especiallythe port to whichthe printer isattached.

Fontsin PostScript output . Depending on your system configuration (Windowsor
Macintosh, printer type and driver), the PostScript fonts supported by a PostScript

printer may or may not appear inthe dialog for selectingfonts which may be calledfrom
the xxxx dialogs. Furthermore, you may want to write EPS filesfor a printer which isnot
even connected to your computer. These dialogsthus 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 includethe size
- the sizeis specifiedinthe font dialog. There are certain standard PostScript typefaces
whichare present on most PostScript printers.

See Framesfor details of the frameand frameunits.

2.4.1.5 PostScript Settings
Dialog Box: PostScript Settings [ Direct Postscript Output Dialog]

The page size, page marginsand 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.

Preview Color. If you select ascreen preview (TIFF bitmapor PICT sub-file)in the
Direct PostScript Output dialog, and if color output is selected, you can specify either a
color or black-and-whitebitmap. 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.

---- Windows only ----

If you areusing direct output to aprinter you must select the Port; thiswill be either
"LPTn" or "COMN". Also, if you are usinga 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
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Control Panel (not in CRY SCON).

2.4.1.6 Raster Files
Dialog Box: Raster (Bitmap) Files [Filemend

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

This command can writefilesinfour different formats (Filetype): Windowsdevice-
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
PICT/Clipboard option (File menu) can also write raster or bitmap files,inthe PICT
format.

--End Windows/M acintosh only----
See Selection of File Format below for informationon choosingthe format.

The drawingmay be either black and whiteor color. If black and white, thepixel sizeis
1-bit. For color filesthe pixel sizemayin some cases be selected. In Windows 16-bit is
only availablefor .omp files. In Macintosh 8-bit (256-color) isonly availableif the
screenis currently set at this color depth.

If the Compressbox is checked, .TIF filesare compressed with run-length encoding,
whichis one of the required formatsunder the TIFF 6.0 standard. However, some
applicationsmay 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. Owingto a Windows system bug,
compression of 4-bit .BMP filesmay not work whenbanding is used (see below). .PCX
filesare alwayscompressed. with their own format. 24-bit .PCX filescan 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 compressedat all. PNG
filesalso are always compressed.

See Frames for details of the frameand frame units.

Maximum memory. Windows and Macintosh both use virtual memory, which means
that they pretend that a hard disk can be used in place of actual hardware memory chips.
For some applicationsthisisuseful, but when writing raster filesit usually resultsa form
of lingeringdeath involving"disk thrashing”, or constant reading and writing of datato
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the hard disk.

CRY SCON iscapable of imagingand writing raster filesin ssgmentsor bandsto avoid
this problem. Thisrequires repeating the entire drawing process for each band, but this
usuallyis much faster than the reading/writingto disk involvedinusing virtual memory.
To do thisrequires knowing how much actual chip memory is available. Unfortunately,
at present Windowsdoes not providethisinformationina way that can be used for both
16- (standard Windows3.1) and 32-bit (Windows 95/98/NT/XP) systems. Thus the user
may need to determinethis by trial and error usingthe M aximum memory parameter.

When the M aximum memory parameter is set to zero, CRY SCON 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, Windowswill
use virtual memory, whichis typically manifested by constant running of the hard disk for
long periods (disk thrashing). If you changethe M aximum memory to some amount
smaller than nnnn (say half), CRY SCON 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 availablemay depend on whether
other applicationsare active.

The amount of virtual memory is determined by the availablespace on the hard disk. If
thisisinsufficient, CRY SCON will automatically use bands, but since virtual memory is
being used, it may still be advantageous to use aM aximum memory valuewhich will
increase the number of bands.

Selection of File Format. The choice of format dependsfirst of all on what formats are
supported by the target software (paint program; publishingprogram; 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 CRY SCON
files.

The PNG format isintended to be areplacement for GIF, and in factis superior to most
other formats, beinglosslessand giving very good compression for the type of images
generated by CRY SCON. Essentially all major software vendors have subscribedto the
PNG convention and releasesfrom 1998 onward should support it.
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Most TIF filesalso use LZW compression, but CRY SCON does not use this type of
compression because of the copyright problem. The run-length-encoding which

CRY SCON does use issupposed to be supported by al TIF readers, but in fact 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 usually smaller.

There are dozens of raster graphicsformatsand it will never be possiblefor CRY SCON
to support all of them. CRY SCON users who work with raster filesshould consider
investingina conversion program - there are many such programs which are not
expensive. The PNG home page (www.cdrom.com/pub/pnp) has linksto many
shareware and conventional commercial conversion packages.

2.4.1.7 Metafiles
Dialog Box: Metafiles [ File Menu]

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

Windowsmetafilesare basically vector images (but includingfills) that can be rescaled without
necessarily losingresolution. They record thedrawing commandsthat are usedfor the screenor
standard printer output, but the result may depend on the software or device for which they are
intended. Y ou can write . WMF files or send the imageto the clipboard.

To prevent loss of resolution, CRY SCON writes of metafileswith a standard scaling of 2540 dots
or pixels perinch (1000/cm). For 16-bit metafiles(.\WMF), this meansthat the size cannot
exceed12.9 inchesor 32.7 cm. (that is 32767 dots, the maximum capacity of unsigned 2-byte
integers). If you enter larger valuesfor the frame, CRY SCON will automatically halve both
values(with your permission).

See Frames for details of the frame and frame units.

2.4.1.8 PICT/Clipboard
Dialog Box: Clipboard/PICT [ Filemend

Note that thistype of output may bereferred to elsewhereas Metafileoutput. This
option can write imageseither to the Clipboard or to PICT files, in either of two formats:
(a) arescalable2-dimensional Picture or metafile, or (b) a raster imageor bitmap.

Macintosh Pictur es, as used here, are imagescontaininglinesor vectors and fill sof
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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 lossof quality, so it is best to save abitmap in exactly the desired

size. Note that you can also save bitmapsin the PNG raster format (File mend, whichis
superior is some respects to PICT files.

If color output is selected, you can choose either 16- or 32-bit 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.

See Framesfor details of the frameand frameunits.

2.5 Precession Pattern Window

Thisis a graphics window which appears as the result of the Precession Pattern dialog (Graph
option) in the Diffraction Menu It may show either the old/original atoms, or the new/transormed
atoms.

To return to the the Control Window if it is not visible, use the Window Menu

File Menu Inadditionto thestandard Save, this has optionsfor printing and graphics file output.

Window Menu To set thefont (for al diffractogramwindows) and switch betweenwindows.

3 Reference

Topics of general interest.

Atom Parameter Files (Free-Form)

ATOMS and VIBRATZ files

Files used by CRY SCON

Frames

Samples
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Standard PostScript Type Faces

3.1 Atom Parameter Files (Free-Form or .inp)

Thistype of ASCII or text file may be used to read in atomic coordinates alone, or to supply
completestructure information. Listingsof atomic coordinatesfrom almost any source can be
used as the basis of a free-formfile.

CRY SCON will also export this type of file, which can beread into ATOMS, SHAPE or
VIBRATZ (Shape Software).

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

Except for the TITL line, keywords and actual valuesto be read in should be separated by spaces
or commas, and there should be no spaces within keywordsor values. Thereis noneed for
alignmentby column, except that keywords should start in the first column.

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

General and crystallographic information lines. Theselinesshouldall precedethe atomic
parameter lines. Each lineconsists of a keywordfollowed by one or more values or character
constants. The keyword should start in thefirst column and be followedby at least one space
beforethe actual values. Wheremorethan onevalue is calledfor, they are separated by spaces.
All of theselinesare optional - whena free-formfileis used for import (File menu), if any lines
are absent, default valueswill be supplied.

TITL line. Upto 76 characters (may contain spaces).

CELL line. The unit-cell lengthsin Angstromsand the interaxial angles in 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 thespace group. There
should be no spacesin the symbal, although there may be underscores(which are ignoredwhen
the symbol is interpreted.

HALL line. The Hall symbol for the space group. There should be no spaces in the symbol,
although there may be underscores (whichare ignored whenthe symbol isinterpreted. If thisline
comes after the SPGP line(or that lineis absent), the Hall symbol will be used in the

Space Group Symmetry option.

SYMM lines. These givesymmetry operators in"xyz" form, that is in theform in which the
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coordinates of the general positionare listed in the International Tables for X-Ray
Crystallography. Fractions must be givenas integers separated by a slash ("1/2", "2/3"), rather
than decimals("0.5", "0.333"). Thex, y and z positionsmust be separated by commas and there
should be no spacesin the operator. There should be onelinefor each operator. If the space
group is centrosymmetric, only half theoperators need be given, if the originis on a center of
inversion. If the origin is not on a center, al operators must be givenand the space group should
be denotednon-centricinthe LATT line. If theselinescomeafter the SPGP and HALL lines (if
the latter are present), the Custom Symmetry optionwill be used.

LATT line. ThisgivestheBravais latticetype (singlecapital character), followed by a space
and 0 if the space group is centrosymmetricor 1 if it isnon-centric.

FACTOR line. A single(floating-point) factor whichmultipliesall the fractional or atomic
coordinates.
Atomic parameter lines:

The file should have all the informationfor each atom, except for temperature factors, onasingle
linewith a maximum of 80 characters per line, and thevalues must bein fields , whichare set off
or delineatedwith either spaces or commas. There can be no spaces or commas withinfields. The
namesof fieldsare givenin the followingin capitals, but in the actual input they may be lower
case; al letters are convertedto upper case whenthelineisreadin.

DEFAULT linessupply valuesto the parameters, such as colors, which are not read in for each
atom. If default values are not enteredin thisway, default values are obtained from the separate
ELEMENTS file, using thechemical symbol of the atom whichis assumed to beinthefirst two
characters of the atom label. Seethe further description of DEFAULT linesandthe
ELEMENTS file below.

FIELDS lines Theselinesset up the CRY SCON input parameters which are to be read from
thefile, and the order in whichthey areto beread. . This isfollowedby the keywordsgivingthe
order of thefields. Theallowed keywordsare as follows (INTEGER fields may not containa
decimal 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 el ement. The first two characters may be used to
determinedefault values for someof the parameters, as described below. The characters may be
upper or lower case. Thisisarequired field.

2) COO - This actualy denotesthree floating-point fieldsgiving the fractional atomic
coordinates. After input, the coordinates are multiplied by the number in the FACTOR ling, if
thislineis present. These are required fields.

3) TYP - Thisisthetypewhichis usedinlocating bondsand polyhedra. INTEGER

Fields4-9 arefor usein ATOM S and are not used by CRY SCON, but if the data was originally
imported fromATOMS (.STR), they will be writtenin an Export file for re-introduction into
ATOMS.
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4) RAD - Thisistheradiusused whenthe atomis plotted as a sphere. FLOATING-POINT
5) RMC - This isthe color number for the atomrim or edge. INTEGER
6) FLC - Thisisthe color numberfor the atomfill. INTEGER

7) RMP - This isthe pattern number or gray shade used in black-and-whitedisplay or outpuit.
INTEGER

8) FLP - This isthe b/w pattern number for fills. INTEGER

9) PEN - This isthe pen number used for atom outlinesin pen plots. INTEGER

The followingfieldsmay be used by CRY SCON.

10) TFB - Temperature factorsin B or bij (beta) form, types 0 (anisotropic) or 6 (isotropic) in
ORTEP. If this keywordis present, the temperaturefactor(s) are present on a second linefor each
atom, inup to six fields Theorder is 11, 22, 33, 12, 13, 23. If the secondvalueis absent or zero,
the temperature factor will be read as isotropic. Note that CRY SCON will save temperature

factors only if at least one atom has non-zerofor the first valueor b11.

11) TFU - Temperature factors in U or uij form, for anisotropictype8 in ORTEP. Similar to
TFB. Isotropic U values will be givennumber 10, althoughthis is not standard ORTEP.

12) VEC - Atomicvectors, e.g. for magnetic spins or vibrational displacements. If thiskeyword
is present, the vector coefficientsare present ona second line,infour fields. The first threeare
the relative componentsin the structure axes, and thefourth is the length. Vectorsand
temperature factors may not both be present.

13) DUM - This designatesa field (character, integer or floating-point) that exists in the input
data line, but should be ignored by CRY SCON.

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

An exampleFIELDS line:
FIELDSDUM LABCOOTYPRAD
Some correspondingdata lines:
1C10.1234 0.2345 0.3456 6 1.2
2H20.43210.54320.6543 10.1

Here the first field, which is ssmply a sequence number, must be ignored by CRY SCON, and is
designated witha DUM.
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Here is an exampleof somelines copiedfrom an (old) ATOMS .STR file (spin€l):
FIELDSDUM LABTYP COO RAD

1 MG1 12 .12500 .12500 .12500 .000

2 AL2 13 .50000 .50000 .50000 .000

3 03 8 .26200 .26200 .26200 .000

There should normally be a FIELDS line at the beginningof the atomic parameter lines, but
additional FIELDS linescan be inserted at any point to redefinethefields. If thereisno FIELDS
ling, the fields are by default; LAB and COO.

In the actual 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 values for fields other than LAB or COO.
DEFAULT must bethefirst 7 characters. Then the default valuesare indicated with the name of
the field connected with an equalssign (with no interveningspaces) to an appropriate value.
Exampledefault line:

DEFAULT TYP=1RAD=0.95 FLC=15

There are twelvepossible input fieldsfor eachinput atom, or each linein the file, plus the
placeholder DUM field. The LAB and COO fieldsare requiredfor each atom and must be readin
from thefile; theother fields are optional. If the latest FIELDS line doesnot definea fieldfor a
particular parameter, then the value of the missing parameter is determined by reading thefirst
two characters of the label (LAB field) and trying to identify the element. Y ou can turn off
defaults, thereby accepting the values on the input atom line, with a linecontaining the word
DEFAULT and no other keywords.

3.2 ATOMS and VIBRATZ files

CRY SCON users may want to use or transform the data in the Shape Software programs
ATOMS, for drawing crystal structures, and VIBRATZ, for normal-coordinatecalculations. The
datafiles for both these contain far more data than CRY SCON requires, and while Crycon will
Import either type of data file, it will not export either type. The procedurefor taking datafrom
these programs, using it or transforming it, and returningit to theseprograms is as follows.

1) In CRYSCON, directly Importthe ATOMS (.STR) or VIBRATZ (.VBR) files. All data
required by CRY SCON should beinthesefiles. Of course both of these programs handle
moleculesor polymersas well as crystals, and CRY SCON deals only with crystals.

2) If the objectiveisto simulate Powder or Precession patterns or diffractionlistings, no
transformation is required - just select the desired option from the Diffraction Menu.
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3) Totransform the data, followthe procedureoutlinedin General Procedure

4) To return the transformed data to ATOMS or VIBRATZ, select Export inthe Filemenu, and
write a Free-form (.INP) file.

5) ATOMSor VIBRATZ can now importthe .INP filethroughthe Import optionsin their File
menus. Inthe case of ATOMS, it isalso possible to read the data into an existing file (for
examplethe original data file) through thel nput Atoms dialog (Input menu). This has the
advantagethat all pre-existing specifications, including bonds and polyhedra, are preserved.

Whenan ATOMSfileisread into CRY SCON, the data on color and atomic radius are preserved,
although they are not used by CRY SCON. They are writtenout in the .INP export file and will
be read back into ATOMS (see Atom Parameter Fileg.

The program SHAPE will also read .INP files, so can use transformed data from CRY SCON.
Transformed { linkN

3.3 Files Used by CRYSCON

CRY SCON recognizestwofilefolders or directories; the home directory and the data directory.

The home directory istheone containing the CRY SCON program file or application. This
directory must also contain the followingdata and setup files:

SCRPTR Thisisthe setup or preferencesfilefor CRY SCON. If it isdamaged or lost another
will be created, with default values.

HALL.DAT Thisisthefilecontaining space-group data.
CIFDIC.SHT Thisisarequireddictionary file for importing CIF files.

SCATFAC.DAT ThisfilecontainstheX-ray scattering factor datafor neutral atomsin the
exponential form as givenin the International Tables, Vol.4. This file may be modifiedto use
other scattering factors (e.g. for ionizedatoms). Thescattering factors are keyed by sequence
number as read fromthis fileto the atomtype. There isa maximumof 100 scattering factors.
Type numbersare taken modulo 100, that is 6, 106, 206 etc. all indicate carbon. By default
number 99 is deuterium (symbol D) and 98 istritium (symbol T). For neutron diffraction
involvingisotopesit is a simple matter to copy the line for the elementin questioninto a position
whichisunlikelyto be used, such as numbers 93 to 97, and changethe neutron scattering length,
whichisthelast coefficient(the first 9 coefficientsgivethe X-ray formfactor).

The followingfilesare always written to the homedirectory.

BONDS1.CCD, BONDS2.CCD These filescontainthe results of the Bond L engthsand
Angles command (Control Window).

POWDER1.CCD, POWDER2.CCD Thesefilescontain thelistingof d-spacings, etc. fromthe
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Powder Diffraction command (File Menu), Listing option.

The BONDSN.CCD and POWDERN.CCD filesare rewritten every time you use the Bond
Lengthsand Anglesor Powder Diffraction(Listing) commands. Thus to save these results
permanently, use Save As (File Menu) to save themwith a differentname.

The data directory istheone containing thecurrent data file. This directoryis saved inthe
SCRPTR file, and thus the Open command returnsto it when you start up CRY SCON.

infile .CCD This istheoutput file from the Transform command (button) in the
Transformation Parametersdialog- hereinfile isthe name of the CRY SCON data file(infile
.CCO). It containsa listing of the atomsin the original unit cell and the transformed unit cell, and
the transformed symmetry-unique(input) atoms. It is displayedin a Text window (see

Types of Windows.

infile. XXX Export filesare given theappropriate default extension (.XXX), and are written by
default in the data directory, althoughyou can write themwith any extension. Changing the
directory in which the fileis written resetsthe data directory.

3.4 Frames

Frames [ Print Graphics, Metafiles]

With printed output, you have a choiceof using the full page, or confiningthe output to a frame.
For Metefiles (File menu) output always goesto aframe.

If you are using theFixed scalemode for a Precession or Powder pattern, theimageis clippedto
theframe. Otherwise, theimageis scaled to fit the frame.

In printed output, the frame can be positionedon the page; the offset givesthe displacement of the
upper left corner of the frame from the upper Ieft corner of the page.

Y ou can choose the units for the size and offset of the window; either inchesor centimeters.

3.5 Samples

All the examples are real minerals, and the tranformations are betweennon-equivalentbut similar
structures, not just changes of axes. There are filestransforming each structure in the set to the
other structure(s).

The transformationstypeis Full unit cells

M ar casite(mc)-ar senopyrite(as) Inadditionto thesubstitution of Asfor oneof the sulfursin S2
groups, thecell and symmetry are different.

Columbite(co)-huebnerite(hb)-wodginite(wa) These oxides have the same basic structure,
differingin the pattern of cation substitution.

© 2002 Shape Software



44 CRYSCON Help

Cubicboracite(bac)-or thor hombicbor acite(boo). Thisis a high-lowtemperature transition.
The low-temperatureorthorhombicform is ferroel ectric and can take several orientationswith
respect to the cubic high-temperatureform. Some atomic displacementsare quitelarge.

3.6 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-Bolditalic

Helvetica (Swiss) Family

Standard: Helvetica
Slanted: Helvetica-Oblique
Bold: Helvetica-Bold

Bold Slanted: Helvetica-BoldOblique

Courier Family (fixed pitch)

Standard: Courier
Slanted: Courier-Oblique
Bold: Courier-Bold

Bold Slanted: Courier-BoldObligue
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