R2I





By : 	Len Barbour

	Department of Chemistry

	University of Missouri - Columbia

	Columbia, Missouri

	65211

	Tel  : (314) 882-1811

	Fax : (314) 882-2754

	E-Mail : CHEMLB@MIZZOU1.MISSOURI.EDU



	February 27, 1996





Introduction

I started using SHELXS-86 and SHELX-76 under VMS about six years ago.  Two years ago I converted to the PC versions of SHELXL-86 and SHELXL-93.   I was always having to go through tedious data conversion procedures to get PLUTO to read the atomic coordinates in each new .RES file as this was the only way I could visualize the structure.  Then it was back to the text editor to prepare the new .INS file.  So I started looking around for an easy-to-use PC-based program that could read a .RES file directly and display the asymmetric unit on screen.  In addition, I wanted a graphics-oriented program that would do away with much of the text editing.  Since I was unable to find a program that I really liked, I eventually decided to write my own.  After some time of being the sole user of the program and adding features as they ocurred to me, it turned into a useful tool and now I can’t do without it.  I presume that there are many crystallographers out there that would find the program as useful as I do, so I decided to make it available.  I have called the program R2I.EXE (for “RES to INS”) since it allows you to prepare a new .INS file from a .RES file.

If you’re like me, you probably feel that in an ideal world all software would be free.  However, after living off a post-doc’s salary for almost two years, I have come to realize that this is anything but an ideal world.   So, to strike a compromise, I have decided to make the program available for US$ 40 which may be considered a nominal fee by almost any standards.

The demonstration version (R2IDEMO.EXE) of the program has been made freely available for evaluation purposes.  It is identical to the full version with the exception that it will not produce output files.  If you like the demonstration program and would like to acquire the fully operational version, read the file REGISTER.DOC for instructions.





XP with SHELXTL PC

The program XP, which is part of the SHELXTL-PC bundle, was designed as an “interactive graphical molecular editor” for SHELX programs.  SHELXTL is supplied with Siemens single-crystal equipment and is also commercially available as a separate package.  There are some features about XP that I just don’t like : e.g. you can’t rotate the molecule while editing atom names and  the rotation mode could be a lot nicer (i.e. with cursor key controls).  

Let me hasten to add that XP is a fine program with many more features than R2I will ever have e.g. PLUTO- and ORTEP-like drawings and complete compatibility with all SHELX instructions.  A subsequent and much nicer version of XP may already have been released. 





Technical information

R2I is written in Turbo Pascal Version 7 and will only run on an IBM-compatible PC and in a DOS full-screen session.  The program makes use of an extensive library of routines which I have developed over the last eight years and therefore will not easliy port to any other operating system or language.

Essential system requirements include a numeric coprocessor, a VGA graphics card and a mouse.  The program only uses conventional memory and all graphics are in 640x480 resolution.  I strongly recommend that at the very least a reasonably fast 486 be used - but then you probably wouldn’t want to run SHELX on anything less either.





Installation

Simply copy the executable program to a directory specified by the PATH command in the AUTOEXEC.BAT file.





General overview

It is assumed here that the user is familiar with the process of structure solution and refinement using the SHELX suite of programs (viz. SHELXS-86 and SHELXL-93).

R2I reads a SHELX .RES file and displays the asymmetric unit on screen.  The “molecule” can be rotated, translated, resized and viewed in CPK colour or in red/blue stereo.  The mouse menu options are displayed along the right side of the display and their functions are mostly intuitive.  Each menu option is described in detail below.





The display box

When a .RES file has been read by the program, the molecule (for the sake of convenience the asymmetric unit will be termed “the molecule”) will be displayed in a square box on screen.  Atoms that are not bound to any other atoms (according to the assigned covalent radii) are displayed as +.  Unless you are being prompted to enter text or a number, the following keystrokes will manipulate the molecule display: 



Up, Down, Left and Right cursor keys : rotate about the axes in the plane of the screen.

Page Up, Page Down : rotate about the axis normal to the plane of the screen.

Shift-Up, Shift-Down, Shift-Left, Shift-Right (on the numeric keypad with Num Lock off, i.e. 8, 2, 4, 6) : translate the molecule.  Shift-5 (i.e. 5) will centre the molecule again.

+, -  : enlarge or reduce the size of the molecule.

S : toggle stereo mode.

Q : toggle display of “Q” atoms.

H : toggle display of hydrogen atoms.

L : toggle display of atom labels.

C : toggle display of the unit cell.





Menu options

Select a menu option by placing the mouse pointer on the menu text and pressing the left mouse button.  When the button is released, with the pointer still on the menu text,  the selection will take effect.  The mouse pointer will usually be confined to the area containing active menu options.  Some menu selections will require you to select one or more atoms from the display box.  The mouse pointer will become a circle.  Place the circle over the atom to be selected and press the left mouse button.  If more than one atom are in the circle, the atom closest to the centre of the circle will be selected.  Press the right mouse button to terminate the atom selection mode to return to the parent menu.  You can abort operations where the menu does not have an EXIT option by pressing the right mouse button.





QUIT :	Exits the program.



File :	Allows you to select a .RES file.  The atoms and peak list will be read into memory and the molecule displayed on screen.  All lattice types except LATT 3 are currently supported.



Edit :

	EXIT	Back to the main menu.

	Atom Name	Allows you to enter an atom name after selection of an atom from the display.  As you know, each atom is associated with a 4-character identification code.  When using this program, the following atom labelling rules apply :  SY#C where SY is the one- or two-character atomic symbol as per the periodic table;  # is a code number assigned by the user and C is an optional character identifier (from ‘A’ to ‘Z’).  The symbol must be followed by at least one numeric character after which C is optional.  Thus the following atom ID’s are allowed : C1A, CL21, NA2G, O1, N1G2, P4DD.  The following are not allowed : HA1, CLXX.  Since the atom will already have an atomic symbol associated with it, selection of this menu option will allow you to enter a two- or three-character suffix to the atom name (depending on whether the symbol consists of two characters or one, respectively).  No checks are made for atoms with duplicate names (yet), so you should be aware that duplicate names may cause problems with some SHELX commands.

	Atom type	Lets you select an atom type (according to the SFAC line in the .RES file) and then to apply this type to atoms by selecting them one at a time.  Press the right mouse button to exit this mode.  The atom name will be automatically updated (e.g. when changing “Q” atoms to chlorides, Q15 will become CL15, Q123 will become CL12).  

	Element record	Select an element and then change its assigned covalent radius (values from 0 to 3.5 Å are accepted) or its CPK colour (values of 1 to 7 will be accepted).  Naturally, the assigned covalent radius will affect the connectivity of the molecule.

	Rotn angle	Sets the step size (0.2 to 90° accepted) for the rotation of the molecule in the display.

	((Cov. R) x	Enter a factor by which the sum of the covalent radii of two atoms is multiplied in order to determine connectivity.  If the two atoms are closer than this distance, they are deemed to be bonded (values from 0.5 to 2 are accepted).

	Isotropic/Aniso	Toggles atoms between being isotropic and anisotropic.  During this selection mode, isotropic atoms are shown in bright CPK colours while isotropic atoms are shown in dim CPK colours.

	Add Hydrogens	Lets you select atoms to which to add hydrogens by means of  HFIX cards in the next .INS file.  No checks are made as to whether your selection is reasonable or not.  Therefore it is up to you to assign the atoms correctly.  Only non-hydrogen atoms of the asymmetric unit to which no hydrogens are currently attached will be selectable.  Once an atom has been selected for hydrogen attachment, it will be displayed in high-video CPK colour (this does not apply to stereo mode) whilst “Add Hydrogens” mode is active.  The following table lists the supported hydrogen atom types and their AFIX values:



H-Type	AFIX value	Description

Ar-H	43	Aromatic hydrogen�(CH3	133	Methyl group�(CH2	23	Secondary CH2�((CH	13	Tertiary CH�=CH2	93	Terminal =CH2 or =NH2+�(CH	163	Acetylenic CH�(OH	147	Hydroxyl group

		

		The HFIX values are fixed to 1.2 times the Ueq of the parent atom (e.g. HFIX 43 -1.2 C1A C2A C3A).  There is as yet no support for AFIX 5, 6, 10 and 11.  These cards will simply disappear from the next .INS file.  Support for these cards will be added in a later version of the program.

	Change Q’s to C’s	This feature is useful if you are working on an organic structure.  After a successful SHELXS run, you will probably need to change most of the peaks to carbons.  You can change them one at a time, or you can save time by changing all Q’s to C’s with this option.  Then you can change the non-carbon atoms to whatever they should be.



Delete :

	EXIT	Back to the main menu.

	Pick atoms	Select atoms for deletion.  Atoms selected for deletion are displayed as o.  Before leaving the delete mode by pressing the right mouse button, atoms marked for deletion can be reinstated by re-selecting them.  However, when the right button is pressed, all atoms displayed as o will be deleted from memory.  If you make a mistake, you will have to re-read the .RES file.

	Pick fragments	Select complete fragments for deletion.  A fragment is determined by the current connectivity as shown on screen.

	All “Q” atoms	Deletes all the atoms designated as “Q” atoms from memory.

	All “H” atoms	Deletes all the hydrogen atoms from memory.

	All grown atoms	Deletes all atoms not flagged as part of the asymmetric unit.



Show / Hide :

	EXIT	Back to main menu.

	“Q” atoms	Toggles display of “Q” atoms.

	Hydrogens	Toggles display of hydrogen atoms.

	Labels	Toggles display of atom labels.

	Cell	Toggles display of the unit cell.

(The keystrokes Q, H, L and C perform the same functions.)

	

Grow:

	EXIT	Back to main menu.

	Attach from a.s.u.	After selection of an atom, all the atoms in the asymmetric unit will be tested to determine if they can be bonded to the selected atom after application of a suitable allowed symmetry operation.  Of course this function is dependent on the assigned covalent radii of the atoms and the radius multiplier factor (described above).  If an atom passes this test, it will be moved from its original position to be attached to the selected atom.  This function is useful if the asymmetric unit is disjointed.

	Grow atom	After selection of an atom, all the atoms in the asymmetric unit will be tested to determine if they can be bonded to the selected atom after application of a suitable allowed symmetry operation.  If an atom passes this test, a symmetry equivalent atom will be created and will be attached to the selected atom, leaving the original atom in its original position.  The atoms thus created will be flagged as symmetry equivalents and will not be written to the next .INS file.  New atoms are assigned the same atom code as their symmetry-parent, but you will not be able to alter their names or atom types. This function is useful for extending an incomplete fragment one parent atom at a time and is only useful for viewing symmetry-extended molecules.

	Grow fragment	As above but, starting with the selected atom, each newly created atom will also be extended.  This extension of a fragment will only proceed until two unit cells have been traversed in each direction (to prevent infinite extension of a polymeric fragment).  This function is useful for extending an incomplete fragment.  Note :  growth will only occur from the selected atom.



Input / Output: (output not available in DEMO version)

	EXIT	Back to main menu.

	Write .INS file	Before exiting the program, you may want to write the .INS file for the next SHELX run.  Choosing this option will lead you to yet another menu.  This menu will let you edit some of the standard SHELXL-93 command cards.  In addition, you can sort the atom list.  Each atom name is split into three parts : the atomic symbol, a suffix number and a suffix character.  If the suffix character is missing, it will be assigned a blank space.  The highest priority is the suffix character (Blank > ‘A’ > ‘B’ > ‘C’ etc.).  Next in priority is the atomic mass of the element, and last, the suffix number  e.g.   C13  >  C3A  >  O1B  >  N1B  >  CL2S.  Hydrogen atoms are exempted from this sorting process since they come after their parent atoms in the .INS file.

		After sorting the atom list, select Write .INS file.  If a .INS file already exists, its name will be changed to *.I01.  If this file exists too, it will be *.I02 etc.  Thus, you never lose your old .INS files (although at some stage you might want to delete them).  If no HKLF card was given in the .RES input file (the SHELXS-86 .RES file does not contain this card), HKLF will default to a value of 4.  FMAP defaults to 2 and PLAN to -20. 

	Write .FRG file	The atom list will be written to a file filename.FRG in .INS file format.  The program FRAGS (described below) reads a .FRG file.  See description of FRAGS for more information.

	Read element file	Allows you to read a library file that contains covalent radii and CPK colours for all element types.  The file must have the extension .ELT.  This allows you to set up a customised  file for these parameters.

	Write element file	Allows you to write the current settings for all the elements (they are all retained in memory) to disk.  The data for each element are written to an ASCII file.  The file will be written to the subdirectory in which this program resides.

	Write all atoms	Writes the complete atom list, including symmetry-generated atoms to a file filename.ALL which has the same format as a .INS file (only the CELL card and the atom cards are written - the atoms are all isotropic and will have site-occupancy factors of 1 - useful for some drawing programs).

NOTE : 	When the program is executed, it first looks for a file named DEFAULT.ELT in the directory in which it resides.  If this file is not found, the program reverts to settings for each element which are hard-coded into the executable.  You can create a DEFAULT.ELT file by choosing the Write element file menu option and giving the output file the name “DEFAULT”.  So, the next time the program runs, it will read this file which you can customize using a text editor.



Stereo	Toggle stereo mode.  Same as S keystroke.



Measure	Allows selection of atoms for measurement of parameters such as bond lengths and angles and torsion angles.  Select up to four atoms:  if the right mouse button is pressed before four atoms have been selected, or if four atoms have been selected without pressing the right button, the relevant distances and angles will be given, and selection begins again.  To exit from this mode, press the right mouse button with no atoms selected.  If only one atom is selected, its atomic coordinates will be given.  Select two atoms to get the distance between them.  Select three atoms to get two lengths and the angle between the two vectors.   Select four atoms to get three bond lengths, two angles and a torsion angle.  If only two atoms are selected, their distance apart is given, and a symmetry search is made to determine their shortest contact distance.  If a shorter contact is found, its magnitude is given in addition to the symmetry operation that was applied to the second atom.



Interactions	Select two atom types from a list determined by the SFAC card of the .RES input file (they can be the same atom type).   Then you will be prompted for minimum and maximum values in Angstroms (values from 0 to 5 Å are acceptable).  All the contacts between the two atom types, including symmetry generated atoms, that are within these limits will be written to a file filename.DAT where filename is the .RES file name.  If this file does not exist it will be created and if it does exist, it will be extended.  







Bugs and Suggestions

Thus far I have been the only extensive user of the program and it was developed  with my particular style of structure refinement in mind.  Since there must be as many different styles and philosophies of structure refinement as there are SHELX users, there are bound to be situations that I didn’t foresee and where smooth operation of the program will break down.  I welcome any comments, suggestions and bug reports that you may have.

Since I have not yet added complete support for all SHELX commands (there are many that I simply never use) it may still be necessary for you to use a text editor to make small changes to the .INS file before your next SHELXL run.   If there is a SHELX command that you would particularly like to see supported soon, let me know and I’ll try to effect the change as soon as possible.

The reason I haven’t made the program all-encompassing is because it takes time and I can’t afford to make it my life’s work.  However, I will try to make sensible changes on request and as they occur to me.





SHELX commands

No distinction is made between a SHELXS .INS file and a SHELXL .INS file.  The following table describes how the program handles the different SHELXL commands :



ACTA	F	FREE	R!	RESI	I

AFIX	P	FEND	I	RTAB	R!

ANIS	I	FMAP	F	SADI	R!

BASF	R	FVAR	F	SAME	R!

BIND	R!	GRID	F	SFAC	P 

BUMP	R	HFIX	P	SHEL	R

BLOC	R!	HKLF	F	SIMU	R!

BOND	R!	ISOR	R!	SIZE	R

CONF	R!	LATT	P	SLIM	R

CGLS	F	LAUE	R	SPEC	I

CHIV	R!	LIST	R	SPIN	I

DAMP	R	L.S.	F	SUBS	I

DELU	R!	MERG	R	SUMP	R

DEFS	R	MOLE	I	SWAT	F

DFIX	R!	MORE	R	TEMP	F

DISP	R	MOVE	I	TEXP	I

EADP	R!	MPLA	R!	TIME	R

END	F	OMIT	R	TITL	F

EQIV	R	PART	I	TREF	I

ESEL	I	PATT	I	TWIN	R

EXTI	F	PHAS	I	UNIT	R

EXYZ	R!	PLAN	F	WGHT	F

FLAT	R!	PSEE	I	WPDB	R

FRAG	I	REM 	I	ZERR	F

F	fully supported command - program uses this information and/or allows you to edit it.

R	doesn’t use command, but will carry it over to next .INS file

R!	doesn’t use command, will be carried over to next .INS file 

	CAUTION : when atom names are changed, complications can occur since these commands refer to atoms by their old names.

I	command completely ignored and will not make it to the next .INS file.

P	partially supported command



Partially supported commands:

LATT	LATT 3 not yet supported

SFAC	Only one SFAC card may be given and must contain only element symbols and no numbers

AFIX	AFIX 5, 6, 10, 11 are not yet supported - may be a problem if you sort the atom list.

HFIX	I usually fix hydrogen atoms with thermal parameters of 1.2 that of their parent atoms and with the HFIX codes as shown above.  In a future version I will allow more control over this command.









Other useful programs



CSD2RES

This is a separate program that will scan a Cambridge Structural Database .DAT file and extract the structures to .RES look-alikes.  These .RES files are readable by R2I, allowing you to view the structure and to make measurements quickly and easily.  Note that the SYMM cards have a somewhat different format, though.



FRAGS

In trying to solve some difficult C60-containing structures, I was able to locate some fragments recognizable as five- and six-membered rings of the molecule.  However, I had some difficulty in locating the rest of the atoms.  I wrote this program to read my disjoint molecule in addition to an idealized model retrieved from the Cambridge Database.  The program then allows you to select a corresponding vector (i.e. a bond) from each fragment.  The two models are then put into the same coordinate system so as to share this vector.  Then you can rotate the two fragments relative to one another about this vector until they appear to fit each other well.  Once the overlap looks good (this is all done visually), you can write the idealized fragment in SHELX .INS format with its coordinates now transformed so that it fits into the cell of the disjoint fragment.  This coordinate set can now be inserted into a .INS file for refinement of the whole structure.  If you so choose, DFIX constraints can be generated to fix all the bonds and angles of the idealized fragment for subsequent refinement as a rigid body.  This method worked really well for my C60 structure, and I’m sure it could be applied to similar problems with other types of structures.




