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GSAS Introduction

Welcome to the General Structure Analysis System (GSAS). GSASisaset of programs
for the processing and analysis of both single crystal and powder diffraction data obtained
with x-rays or neutrons. It is capable of handling al of these types of data simultaneously
for agiven structural problem. In addition, it can handle powder diffraction datafrom a
mixture of phases refining structural parameters for each phase. GSAS s designed to be
easy to use and features a menu driven editor (EXPEDT) equipped with help listings and
error trapping features. EXPEDT is used to prepare al input for the main calculation
programsin GSAS. Theentire GSAS system iswritten in FORTRAN and uses some
system callable features. The current distributions of GSAS are available for both VM S
and UNIX operating systems (VAX/VMS, Alpha/OpenVMS, Silicon Graphics rix,
DecStation Ultrix and Hewlett-Packard UX). Anintegral part of GSAS isthe facility for
interactive graphics display which is based on the Common Graphics System (CGS) of
Los Alamos National Laboratory. GSAS supports many standard graphics terminals
including X-windows work stations as well as Tektronix type terminals and DEC ReGIS
terminals. It also supports various hard copy graphics devices (PostScript printers, DEC
LAS0 dot matrix printer, DEC laser printers, Hewlett-Packard printers and plotters, and
CGS metafiles). This manual consists of three sections; this introduction, atraining
manual and atechnical manual.

GSAS Installation

In this section we give the instructions for obtaining and installing aGSAS distribution kit
for the DEC Alpha/OpenVMS and Silicon Graphics Irix (UNIX) operating systems from
an anonymous ftp account at Los Alamos. Other distribution kits are available from the
same source; detailed instructions are available in afile "readme.1st” located in the home
directory of the anonymous ftp account. This manual is also available from this sourcein
formats suitable for printing from both VM S and UNIX platforms on Postscript printers.

An Anonymous FTP Server for GSAS on DEC Alpha/OpenVMS Codes

The GSAS distribution kit for DEC Alpha/lOpenVMS contains two large fileswhich are
kept in a compressed form that is approximately 50% smaller than the original. Also stored
in this directory are the executable forms of the programs for compression and
decompression of any file. Thesefiles need to be transferred in binary format. There are
also two smaller command files and a document file describing the compression routines
along with this"readme” file. These latter files are transferred in ASCII format.

GSAS Ingtallation from ftp files:

System Requirements. Alpha/OpenVMS Version 1.5 or later,
SY SSLIBRARY :DECWS$XLIBSHR must be an installed image.

To ensure that the file structure and command files for GSAS are set up appropriately on
your Alpha, we have provided an installation procedure and acommand file. These
instructions cover both the initia installation of GSAS on an Alpha as well asthe
replacement of an old version of the system. If thereis an existingGSAS to be replaced
thefirst step is omitted and the entire directory structure for GSASwill be replaced. Thus
itisnot advisable to use any of the GSAS directoriesfor any other files. Thisinstallation
schemeisused if you obtain the installation files by ftp file transfer from Los Alamos.



Page 2 GSAS INTRODUCTION 9/2/94
1. Set up asubdirectory named [.GSAS] or amain directory [GSAS]. Sufficient disk
space to hold the system should be made available (ca. 25000 blocks).
2. Set the current directory to the directory created in step 1 (e.g. SET DEF [GSAYS)).
3. Initiate contact with the distribution machine at Los Alamos:

ftp mist.lansce.lanl.gov

ThisisaDEC Alpha/OpenVM S machine. When you get aMIST.LANSCE.LANL.GOV>
prompt, type:

login anonymous

When you get the prompt for a password, type your e-mail address. To get genera
information concerning the files, type (but not the stuff in parentheses)

ASCII (to set the mode of transfer)
get readme.1st (to transfer thefile)
cd [.aphavms] (to change to the alphadistribution directory)

get alphagsas.ftp (to transfer this readmefile)

These files should be read off-line; they contains general information about the versions of
GSASthat are currently available aswell asthisinstruction file. 1f you wish to obtain a
new version of GSAS for DEC Alpha/OpenVMS, type the following commands:

binary (set the mode of transfer)
mget *.1z (transfer the compressed files)

If the decompression routines are not already available, type:
mget |1z* .exe (transfer Izcmp.exe and [zdcmp.exe)
which transfers the compression and decompression utilities. The executables were linked

under OpenVMS V1.5 and should run on all Alpha/OpenVMS systems. To complete the
filetransfer, type:

ASCII (set the mode of transfer)
mget *.com (transfer the files)

mget *.doc

quit (exit ftp)

Thefile, IMPORT.COM, isthe installation routine for GSAS. It will process the other
files and produce aworking version of GSAS on your machine. Details of its operation
aregiven below. Thefile, LZSOURCE.COM, isaself-unpacking archivefile. If you
desire source code for the compression routines and you have a C compiler, then issue an
@SOURCELZ command, followed by an @LZBUILD command to create the new
compression executables. LZCOMP.DOC is documentation for the compression utilities.

4. Run the import command file. (e.g. @IMPORT). After thiscompletesyou arein the
subdirectory [GSAS.COM].
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While running IMPORT.COM you will be asked about the names of batch queues. GSAS
requires that your Alpha have at |east one batch queue and will support up to three queues.
Y ou can use the default of SY SSBATCH but a better sharing of resources can be obtained
with queues for fast, medium and slow jobs. If the queues are not yet determined you can
change them later by editing the file [GSAS.COM]GSASDEF.COM and inserting the
gueue names. The command file asks four questions to determine the portions of GSAS
you desire and will submit up to 36 batch jobsto SYSSBATCH. (Currently none of the
LANSCE specific parts of GSAS are operationa on Alpha/VMS.) In thisway the
executable versions of the GSAS programs are created for your version of the VMS
operating system. After these batch jobs complete, you may wish to free ca. 10000 blocks
of disk space by deleting the libraries which are contained in the directory [GSAS.LIB].
Before the command file finishes it will inform you of the symbol definition for GSAS
that should be placed in either a system wide login file or else each user login file.

An Anonymous FTP Server for GSAS SGlI Irix Codes

The GSAS distribution kit for Silicon Graphics Irix contains asingle large filewhichis
kept in a compressed form that is approximately 50% smaller than the original. Thisfile
needs to be transferred in binary format. Thereisalso this"readme” filewhichis
transferred in ASCII format.

GSAS Installation from ftp files:

System Requirements: SGI Irix 4.x or 5.x with f77 and XWindows. For Irix 5.X, an
additional file will need to be transferred which contains the executables.

To ensure that the file structure and command files for GSAS are set up appropriately on
your SGI we have provided below an installation procedure and an "install” script file.
Thisinstallation scheme isused if you obtain the installation files by ftp file transfer from
Los Alamos.

1. Set up adirectory named "gsas' in a convenient location on your file system. (e.g.
"mkdir ./gsas"). Note that sufficient disk space (ca. 50MDb) to hold the all theGSASfiles
isneeded in the file system.
2. Set the current directory to the directory created in step 1 (e.g. type "cd ./gsas'). Make a
note of the full name of this directory (e.g. type "pwd"); you will need this name for step 4,
below.
3. Initiate contact with the distribution machine at Los Alamos:

ftp mist.lansce.lanl.gov (Thisisa DEC Alpha/OpenVMS machine.)
When you get a prompt for "Name", login as:

anonymous

(If you get an ftp> prompt, type "user anonymous'). When you are prompted for a
password, type your e-mail address.
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To get general information concerning the files, type the following (without the stuff in
parentheses).

ASCII (to set the mode of transfer)

get readme.1st (to transfer thefile)

cd [.sgiunix] (to change to the SGI distribution directory)
get sgigsas.ftp (to transfer this readmefile)

(Read these files off-line; they contain general information about the versions of GSAS
that are currently available aswell asthisinstruction file. To obtain anew version of
GSAS for your SGlI, type the following commands:)

binary (set the mode of transfer)
get GSAS.TARZ (transfer the compressed file)

If you are running Irix 5.x, you will need to transfer the following:

get GSASEXE.TARZ (transfer the compressed file of executables)
Then exit ftp by
quit (exit ftp)

Next renamethe file GSAS. TARZ and GSASEXE.TARZ files so that the decompression
routine will properly convert it, decompressit to create file gsas.tar and then restore the
GSASfiles. Usethe following commands to do this:

mv GSAS.TARZ gsasitar.Z (rename the compressed file)
mv GSASEXE.TARZ gsasexetar.Z (if necessary)

uncompress gsas.tar (creates gsas.tar from gsas.tar.Z)
uncompress gsasexe.tar (if necessary)

tar -xvf gsas.tar (creates all the gsasfiles)

tar -xvf gsasexe.tar (creates the executables for Irix 5.X)

Y ou may now delete gsas.tar to save ~13Mb of disk space.
rm gsas.tar (deletefile)

The script file, "install”, completes the installation for GSAS on Irix 4.x; it is not needed
on Irix 5.x. It usesthe f77 command to load the executables for GSAS from all the object
filesit findsin ./gsas/gsasmain and puts the .exe filesinto the directory ./gsas/exe. After it
finishes you may delete the files libgsas.a and the contents of ./gsas/gsasmain to save

~6Mb of disk space. The commands are:

install (load the gsas executabl es)
rm libgsas.a (delete the library)
rm gsasmain/* (delete the object files)

4. Finally you need to edit your .cshrc fileto include an alias like
alias gsas /usr/gsas/gsas
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to point at the path for the script file gsas (replace "/usr/gsas’ with the location you chose
for gsas (see step 2).

Y ou are now ready to use GSAS. Everything that isin the present GSAS manual will
work asin the VM S versions except that UNIX style file paths must be used for the
exercises. For example, use "/usr/gsas/gsas_exercisesNICKEL.RAW" for the data set
namein thefirst exercise. (Your path will be different depending on where you put the
directory gsas.)

If there are any problems or questions call:

Bob Von Dredle (505)-667-3630 e-mail: VONDREELE@LANL.GOV
Allen Larson (505)-667-2942 e-mail: ALARSON@LANL.GOV

GSAS Problem Reporting

If you experience any difficulties with the operation of GSAS, find any errors or want to
suggest any changes please use the form found on the next page for reporting them.
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Submit to: GSAS Manager, Los Alamos National Laboratory, LANSCE, MS H805, Los Alamos, NM 87545 USA

GSAS Problem Report

Title: ID:

Date:

Module name: Link date: Problem type

() Software

() Documentation
() Other

Problem Description:

Enclosures (documenting hardware/software context of the problem):

[ 1 On-line listings [ ] Off-linelistings

Date problem was first noticed: Were you able to recover? Is the problem repeatable?

DO NOT WRITE BELOW THISLINE

Remarks/Analysis:

ACTION [ BY DATE
Received
Anayzed
Acted on
Notified
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GSAS Organization

GSASisorganized into several main programs each designed for specific types of tasks or
types of crystallographic calculations. They are listed below in aphabetic order with a brief
description of their features. The variousGSAS specific files generated by these programs
are given in single quotes; they are described in the technical section of thismanual. All of
these programs as well as a number of utility routines are accessed through theGSAS shell
which isinvoked by entering' GSAS on your terminal. This shell is capable of filtering
the GSAS commands from other VM SUNIX commands so that all terminal operations
can be done from within the shell. In other words, you are able to do virtually any VM S or
UNIX command from within the GSAS shell.

BIJCALC - Thermal Motion Analysis

BIJCAL C isan interactive routine that analyzes the anisotropic therma motion parameters
and prints some information derived from the values on the list file.

CAD4RD - Input Enraf-Nonius Single Crystal Data

CADA4RD is an interactive routine for reading data measured on the Enraf-Nonius CAD4
instrument, extracting the unit cell information, examining the standard reflections and
writing the reflection data into the 'reflection file' with corrections for crystal decay, etc. as
indicated by the standard reflections. It aso copiesthey scan datainto the ‘experiment
file for use in absorption correction calculations.

CLLCHG - Unit Cédll Transformation Routine

CLLCHG isaninteractive routine for transforming a unit cell and its contentsto a
different description associated with a, for example, second order phase transition.

DISAGL - Bond Distance and Angle Computation

DISAGL isabatch program to calculate interatomic distances and angles. By using the
variance-covariance matrix it also determines estimated standard deviations for these
values.

EXPEDT - GSAS Editor

EXPEDT istheinteractive editor for GSAS. It isgeneraly thefirst program inGSAS
run by the user. All input of structural data, program controls and other non-diffraction
datais handled interactively by EXPEDT. Program control within EXPEDT isfrom a
nested series of menus. The choicesin thefirst layer of menus determine what kind of
calculation isto be setup; choices in each succeeding menu layer determine finer detail in
the setup. Each menu has a help listing associated with it which can be displayed as one of
the menu options, thus EXPEDT islargely self documenting. EXPEDT also has
graphics facilities for displaying powder patterns on agraphicstermina to facilitate editing
of certain parameters. The second section of this manual contains training exercises which
take you through the sequence of steps for runningEXPEDT during the course of some
crystallographic problems. EXPEDT maodifies the experiment specific control file asthe
user makes menu selections and inputs data. InGSASthisfileisknown asthe
‘experiment file' and has the name 'somename.EXP'. It isfully described in the technical
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section of thismanual. During the operation of EXPEDT an updated version of the
experiment fileis created which then becomes the input for any succeeding program in
GSAS. Inthe case of VMS systems multiple versions are retained (depending on how
"VERSION_LIMIT" is set on your machine). For UNIX systems only one previous
version isretained; it has the name 'somename.OLD'.

FITSPEC - Fitting of Incident Spectra

FITSPEC isan interactive routine used to fit the incident spectra from a particular
instrument to avariety of functions. It isgenerally needed only for TOF neutron data. The
results are output to an 'instrument parameter file'.

FORSRH - Fourier Peak Search

FORSRH isan interactive Fourier peak search routine. It lists the positions and heights
of the peaks found on the 'Fourier map file' and places them in the ‘experiment file' for
inclusion in distance and angle calculations.

FORPLOT and PLOTTER - Fourier Map Display

FORPLOT and PLOTTER are two interactive Fourier map display programs. They are
capable of producing on various graphics devices (same as those supported by EXPEDT)
single map dlices, stereo views or interpolated oblique slices of maps generated by
FOURIER and stored on 'Fourier map files.

FOURIER - Fourier Map Calculations

FOURIER isabatch oriented standard Fourier map generation program. It can produce
Xy, Xz or yz sections of Patterson, Fq, Fc or AF maps. The output is mainly a'Fourier
map file' intended for input to the peak search routine, FORSRH, and the graphics
display programs, PLOTTER and FORPLOT. Asan option it will produce a numerical
map in thelist file.

FPRIME - Calculate X-Ray Anomalous Dispersion Coefficients

FPRIME isamodified version of the program written by D. T. Cromer (Acta Cryst.
18,17-23, 1965) which calculates the X-ray anomalous dispersion coefficients and
absorption coefficient for any energy. This interactive program will perform these
calculations for up to seven energies or wavelengths for a single element using one of three
possible methods (method 2 is recommended). It reads the tables of atomic cross sections
from the file [GSAS.PARM]XSECT.NDAT. It operates independently of theGSASfile
structure.

GENLES - General Least Squares

GENLES isabatch oriented least squares refinement program derived in part from a
program by the same name written by Allen C. Larson. It constructsasingle full least
sguares matrix and vector using multiple data sets. A mixture of powder diffraction and
single crystal data for agiven structural problem can thus be processed simultaneoudly. It
also has facilities for constructing linear constraints between parameters, rigid body
constraints for molecular fragments and can include bond length observations as 'soft
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constraints. GENL ES outputs a summary of the least squares resultson alist file and
generates an updated version of the 'experiment fil€'.

GEOMETRY - Calculate Molecular Geometry

GEOMETRY isan interactive program which will produce on the list file and on the
terminal the results of several kinds of molecular geometry calculations. These include the
orientation and position of a selected string of atoms as arigid body, application of thermal
motion corrections to selected bonds, hydrogen atom generation from carbon atom
positions and calculation of specific torsion angles.

HKL SORT - Reflection Lister for Publication

HKLSORT isan interactive program which will produce on the list file a sorted list of
structure factorsin aform suitable for deposit with ajournal. Thislist can be structured to
have any one of the indiceshkl as the fast running index and another as the slow running
index. Thus, all six cases of hkl tables are permitted.

HSTDMP - Powder Pattern Lister

HSTDMP isapowder pattern data listing program. It canlist interactively sections of a
‘histogram file' or produce alist file of the entire powder pattern in aform suitable for
deposit with ajournal.

ISTATS - Intensity Statistics

ISTATSisan interactive program used to help determine the space group by creating alist
of the average value of F%/o(F2) for the various parity classes of reflection sets such as
h0O, hko, etc.

KUMARD - Input KUMA Single Crystal Data

KUMARD isan interactive routine for reading data measured on the KUMA single crystal
instrument, extracting the unit cell information, examining the standard reflections and
writing the reflection datainto the 'reflection file' with corrections for crystal decay, etc. as
indicated by the standard reflections. It aso copiesthey scan datainto the ‘experiment
file' for use in absorption correction calculations.

ORTEP - Crystal Structure Plotting

ORTEP, written by Carroll Johnson (ORNL Report 5138), has been modified to adhere
to the GSAS style with menus and interactive graphics. The current version implements
most of the original ORTEP-II instructions through menu responses.

P3R3DATA - Input Siemens P3R3 Single Crystal Data

P3R3DATA isan interactive routine for reading data measured on the Siemens P3R3
single crystal instrument, extracting the unit cell information, examining the standard
reflections and writing the reflection data into the 'reflection file' with corrections for
crystal decay, etc. asindicated by the standard reflections. It aso copies they scan data
into the 'experiment file' for use in absorption correction calculations.
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POWPLOT - Powder Pattern Plotting

POWPLOT isan interactive graphics program for displaying powder diffraction patterns
on various graphics devices. It iscapable of displaying observed, calculated and difference
curves with reflection markers at the user's option. It can also analyze the weighted
differences and produce normal probability plots. In order to usePOWPLOT on a
particular powder pattern, POWPREF must have been run at least once. This program
also hasthe ahility to calculate the Fourier transform of the residuals to determine the radia
distribution function of an amorphous phase, if oneis present.

POWPREF - Powder Data Preparation

POWPREF prepares powder diffraction data for subsequent least squares analysis. The
major tasks of POWPREF are to associate the position, channel or step width, incident
intensity, refinement weight and alist of contributing reflections with each observationin a
powder pattern. Additional flags are set for excluded regions, reflection markers, etc. for
each point. Thus, POWPREF generatesthe full list of unique reflections from the lattice
parameters and space group information for each phase in the sample; systematic
extinctions and reflection multiplicities are automatically determined. Thereisaset of
reflections generated for each powder pattern in the data set. POWPREF outputs a brief
summary of itswork on alist file and produces a'reflection file' and a'histogram file' for
each powder data set processed.

PROFTEST - Display of Powder Profile Shapes and Derivatives

PROFTEST displaysindividua computed powder profile shapes for any of the profile
functions available in GSAS. The profile shapes may be varied by adjustment of the
profile coefficients and peak position (29 or TOF). Numerical and analytic derivatives of
the profiles with respect to profile coefficients may also be displayed. It operates
independently of the GSASfile structure and is generally used for diagnostic purposes.

PUBTABLES - Preparation of Tablesfor Publication

PUBTABLES prepares tables of structure factors and atomic parameters which are
suitable for publication purposes.

RAWPLOT - Plotting of Powder Patterns
RAWPLOT isagraphicsroutine for displaying powder diffraction datain either
d-spacing or data collection units (20 or time-of-flight). The input data must bein the
GSAS standard raw data file format and an 'instrument file' is also required.
RCALC - Analysis of Structure Factor Residuals

RCALC isan interactive program which can be used to determine R-indices for the
various parity classes of reflections. It also can be used to generate plots of residualsvs. a

number of data parameters, such as d”, Fohs?, etc.
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REFLIST - Reflection Data Lister

REFLIST isareflection listing routine. It is capable of listing on either the termina
screen or on the listing file some or all of the reflections associated with each histogram.

REFLTOASCII - Conversion Of Reflection Fileto ASCI |

REFLTOASCII converts GSASreflection files (single crystal or powder) into an ASCII
form suitable for transfer between VM S and UNIX machines. The ASCII filesmay aso
be read by nonGSAS crystallographic software (e.g. MULTAN). (See REFLTOBIN
below).

REFLTOBIN - Conversion of ASCII Reflection Fileto GSAS Binary

REFLTOBIN converts ASCII files created by REFLTOASCI | back to GSAS
reflection file format.

RDUCLL - Cdl Reduction Routine

RDUCLL isaunit cell reduction routine originally written by Yvon LaPage. It findsthe
conventional representation of the cell and detects any possible pseudosymmetry. It
operates independently of the GSASfile structure.

SCABS - Single Crystal Absorption Calculations

SCABS isabatch oriented program for making absorption correctionsto single crystal
data from either X-ray or neutron single crystal instruments.

SCMERGE - Single Crystal Data Sort and Merge

SCMERGE isabatch oriented program for merging single crystal reflection datainto a
unique set with standardized reflection indices which are written to anew 'reflection file'.
The space group extinct reflections are omitted and the Frieddl related reflections are
flagged and written adjacent to the standard reflection in the output 'reflection fil€e'.

SPCGROUP - Interpretation of Space Group Symbols

The interactive program SPCGROUP interprets space group symbolsto give atable of
the equivalent positions and will do thisfor any setting of the 230 three dimensional groups
except that trigonal, rhombahedral, tetragonal and hexagonal space groups must have the
c-axis asthe unique axis. Optionally it will determine the site symmetry rules for any
location in the unit cell. 1t will also process spin flip assignments for magnetic symmetry
and display a stereo pair drawing showing the resulting pattern of magnetic moments. The
routines in SPCGROUP are those used elsewhere in GSAS for space group symbol
interpretation.

SXTLDATA - Generalized Input of Single Crystal Data

SXTLDATA isageneraized structure factor input routine for single crystal data from an
ASCII filewhich isthen put into a standard GSAS format reflection file.



Page 12 GSAS INTRODUCTION 9/2/94

TDPLT - Drawing of Ball and Stick Models

TDPLT isaninteractive program for generating views of the crystal structure. Several
options are available for determining the space included in the drawing, namely, a sphere
about a point in the unit cell, rectilinear blocks of space, and parallelogram blocks
terminated by unit cell edges. Thermal ellipsoids are represented by plotting only the
principal ellipses. Bonds are represented only by lines, but can have the bond length
plotted in the center of the bond. Two classes of bonds are represented as either solid lines
or dotted lines. There isno hidden line elimination.

UNIMOL - Assembling of Unique Molecules

UNIMOL isan interactive program for assembling unique molecules from the atomsin
the 'experiment file'. The current version israther crude in that it does nothing to maintain
the continuity of astring of atoms, but only insuresthat all atomsin the molecule arein a
contiguous set in the 'experiment file'. One however has the option of rearranging the
atom list to suit their needs.

Other Programsin GSAS

In addition to the 36 programs listed above there are an additional 20 which are specific to
crystallographic data processing at LANSCE which are only available for the VAX/VMS
version of GSAS. They include routines for display of LANSCE data, preliminary data
reduction, pole figure analysis from SCD data and various other routines.

Utility Routinesin GSAS

There are anumber of utility routinesin GSAS that ssimplify many routine operations with
GSASIist files, etc. aswell as provide easy access to some of the data fileswithinGSAS.

ATOM - Display of Atomic Scattering Factor Data

The ATOM facility displays for the selected chemical element (e.g. ATOM TI) al the
information stored on thefile ATOMDATA.DAT for that e ement.

ELST,DLST, SLST, TLST - List File Utilities

EL ST isfor editing the list file using the system standard editor; DL ST is used to delete
thelist file, SL ST isused to search thelist file for astring and TL ST will display thelist
file on the terminal.

PEXP, TEXP, DEXP, SEXP, LSEXP, EDEXP
- Experiment File Utilities

PEXP (VMS only) is used to purge the experiment files, TEXP is used to list the
experiment file on the terminal, DEXP (UNIX only) is used to delete all filesfor the
experiment except the experiment and raw data files, SEXP is used to search the
experiment file for astring, L SEXP (UNIX only) is used to list the names of all
experiment filesin the directory, and EDEXP is used for editing by hand (not
recommended) the experiment file.
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EXPNAM, NEXT, SELECT, PREV - Experiment Selection Utilities

EXPNAM isused to set a particular experiment name to be used for subsequent GSAS
operations. NEXT and PREV (UNIX only) select the next (or previous) experiment in
alphabetical order. SELECT (VMS only) lists the available experiments in the directory
and prompts for your selection.

TLOG, DLOG - Log File Utilities (VM S only)

TLOG displaysthelog filesfor the current experiment on the terminal; DL OG deletes
these log files.

DBCH - Batch File Utility (VM S only)

DBCH isused to delete batch files. Thisutility is most commonly used when a batch job
fails with a system error leaving a number of uncompleted batch filesin the directory which
must be deleted before GSAS will allow further work on that experiment.

Program Execution in GSAS

The programsin GSAS are either executed in interactive mode (e.g. EXPEDT) or
optionally in batch mode (e.g. GENLEY). For each program request in GSAS the shell
will determine whether it isinteractive or possibly batch.

For GSAS on VMS systems, the shell will examine the command line looking for
additional batch routines to be set up as a sequence. For example the command line
'POWPREF GENLES FOURIER FORSRCH DISAGL" will cause the five batch
routines to be executed in sequence as separate jobs. For each one the shell will request
from you the appropriate batch queue and instructions for handling the log file and then
produce a"batch” file. The batch files are named 'EXPNAME$SPGMNAME.BCH'. The
first one is submitted to the requested queue; asiit finishes it submits the next one to be
executed and then deletesiitself. |f a program aborts with an error the remaining routines
are not executed and the remaining batch fileswill still exist in your current directory. They
will have to be deleted before any GSAS routine can be run on the experiment (use the
utility DBCH to remove them).

On UNIX systems, al the programsin GSAS are assumed to be run interactively although
POWPREF, GENL ES and some others may optionally be run in the background.
Unlike VMS, input of multiple programs on one command lineis not alowed and will
generate an error.
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GSAS Program and File Layout

The layout of the programsin GSAS and the interconnecting files for powder calculations
is shown in the following figure. The program names, which are not inclusive, are shown
in boldface; the arrows indicate the direction of input and/or output by each program.
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Training Exercises - Introduction

Thistraining manual consists of three exercises which introduce you toGSAS. Thefirst
exercise is designed for the user who has never used GSAS and covers only those facilities
needed to do a Rietveld refinement from time of flight (TOF) neutron powder data. The
second exercise is for the more experienced user and is based on a Rietveld refinement with
constant wavelength (CW) neutron powder data and includes instruction for using some
additional features of GSAS. The third exercise covers the input, structure solution and
refinement from asingle crystal x-ray diffraction data set.

Thefirst exercise takes you through the sequence of steps needed to refine the variablesin a
diffraction experiment on nickel powder using data taken on a TOF powder diffractometer
at the Manuel Lujan, Jr. Neutron Scattering Center (LANSCE), Los Alamos National
Laboratory. Thefirst step in this exerciseisto give some minimal structural information
(space group and lattice parameters) and bring the experimental powder patternsinto
GSASusing program EXPEDT. After thisinitial step, you will run the batch process
POWPREF, which takes this information and prepares the powder histograms for
structure refinement by generating the set of reflections covered by the powder pattern and
matching them against the powder patterns. After POWPREF completes you will
examine its results using the powder pattern graphics progranPOWPLOT. Thena
second session with EXPEDT will complete the editing process by introducing the
remaining structural information (atom positions, etc.) and setting suitable refinement
controls for refinement by GENLES. The newly calculated powder patterns are then
examined with POWPLOT. At the end of the exercise there are suggestions for
additional least squares calculations.

The second exercise describes the refinement of a yttrium-iron garnet using CW neutron
data taken on the D1a powder diffractometer at the Institut Laue-Langevin, Grenoble,
France. Thefirst stepsfollow the same pattern asthefirst exercise. After therefinement is
complete there is described the calculation and display of Fourier maps usingFOURIER
and FORPLOT and calculation of interatomic distances and angles withDISAGL.

The third exercise begins with the input of asingle crystal x-ray data set of oxonium
hexafloroantimonate collected on an Enraf-Nonius CAD4 diffractometer using the program
CAD4RD, followed by the preliminary data processing steps of absorption corrections
(SCABYS), sorting and a merge of the data (SCM ERGE) to give the unique reflection set.
Thisisfollowed by calculation of a Patterson withFOURIER which is searched for peaks
with FORSRH. After you interpret the Patterson, the rough atomic coordinates are
subjected to least squares refinement. After some final refinement steps, the interatomic
distances and angles are calculated with DISAGL and the structure is drawn with
ORTEP.

To use this training guide most effectively, you should run the GSAS system responding
to the program prompts as shown in this manual sequentialy following the three exercises.
Plan on taking 10-30 minutes for each session with EXPEDT, POWPLOT and
FORPLOT. The turnaround times for batch runs of POWPREF, GENLES,
FOURIER and DISAGL will depend on the loading and speed of your particular system
and will bein the range of afew secondsto severa minutes (possibly more). All
operations with GSAS on a given problem must take place in the same directory, thus you
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should begin the training exercise in adirectory where you will be able to continue work on
the problem. Do not use any of the GSAS directories for the exercises.

General Instructions

Many of the prompts from the interactive programs inGSAS consist of a short description
followed by a string of possible one-letter instructions. For example:

Enter command (<?>,DI,L,MP, T, X >

The appropriate response is to type one of the possible letters followed by a carriage return
'CR'. Note: this guide will show all possible user input bolded in single quotation marks,
the quote marks are NOT to beinput. The response given in angle brackets (<>) isthe
default; if only a'CR' is given that response is assumed by the program. In most cases the
default response generates a help listing; these are indicated by <?>. In many cases one of
asimple yes/no response is the default. Some of these one letter responses may lead to
additional entries; they can usually be given on the sameline or, if not, the program will
prompt with the appropriate request. In any case al input lines must be terminated with a
carriage return 'CR'; at that time the commands will be executed.

Some program prompts require the entry of lists of various items; these can either be given
all onasingleline or on different lines. If the latter mode is chosen, the program will
prompt for the remaining entries. Similarly, if atypographical error is made so that avalue
is not interpretable, the program will accept the values preceding the one in error, print an
error message and then prompt for the value in error and any remaining values. In some
cases the program will have a set of default values available for the requested items. These
can be selected by simply typing'/* and the defaults for those items will be used.

Otherwise you can enter a series of commas as place markers, the new value you wish to
change, and a'/" to accept the remaining defaults. The itemsin any input list must be
separated by either spaces, tabs or left justified commas.

Decimal values may be entered as either floating point values with adecimal point,
scientific form with mantissa and exponent or integer fraction (e.g. 120.0, 1.2e2 or
2400/20 all equal 120.0). In afew casesthe program will request text input; these inputs
can consist of any ASCII characters. Text input for titles are limited to 66 characters, atom
types and atom names are limited to eight characters, and space group symbols are limited
to 20 characters. The character cases are retained for titles and atom names, and the
character cases for the space group symbols are converted to conform with standard usage.
Otherwise, the case of the input charactersisimmaterial.

Asyou begin to remember more of the arrangement of the menusinGSAS, you may
know in advance the sequence of commands needed to setup some calculation. In general
the system will accept a string of commands and numbers all on asingle line separated by
spaces even though the commands may involve several switches of menus. The system
will generally stop such a sequence only where a pause is necessary to prevent apossible
serious error or when an uninterpretable command or illegal numeric value was given. For
example, forced pauses occur before atoms can be deleted and after a plot is displayed.
There are other similar places where forced pauses occur. 1f acommand in along string
can not be interpreted, GSAS will usualy print amenu help listing at the point of error and
the remaining commands on the string are ignored. This 'type ahead' feature of GSAS
allows the expert user to quickly move to a particular menu or option, make the needed
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change and exit the particular routine without seeing alot of intermediate questions or
menus.

VMS and UNIX File Namesin GSAS

In these exercises as well as during normal use of GSAS you are occasionally asked by the
system to input afile name. Typicaly thisfileisa"raw" data set or an instrument
parameter file. VMS and UNIX use very different constructions for directory and file
names. InVMS afile nameis of the form 'DISK:[NAMELNAMEZ]FILE.EXT" whilefor
UNIX the structure is more like '/namel/name2/file.ext’ (notice that there is no disk name).
VMSfile names are insensitive to case; they always appear as upper case but either case can
be used to name them. On the other hand UNIX file names are case sensitive, i.e.
'structure.dat’ is a different file name from 'Structure.dat’, so one must exercise carein
entering UNIX file namesin GSAS. In the examples below, we will show the VM Sfile
name as appropriate and the equivalent UNIX name in parentheses. The UNIX path name,
i.e. the /namel/name2/ part, for the examples depends on the location of GSAS. We will
assumethat itisinstalled as/usr/gsas. If you have installed it elsewhere you will have to
modify the path names in these examples as you work them.

Nickel Powder Example

This section of the training manual coverstheinitia loading of powder diffraction data for
the first example problem. This example problem consists of two powder patterns for
nickel which will be subject to simultaneous Rietveld refinement.

I ntroduction to EXPEDT

EXPEDT isthe main program for entry of al controls, data and commands for the
processing of diffraction databy GSAS. It isamultilayer menu driven interactive editor
and is capable of monitoring input for crystallographic aswell as typographical errors.

Starting GSAS

The GSAS system isinitialized by simply typing' GSAS' after the system prompt. The
following opening screen for GSAS s then displayed on your terminal. Note: the pictured
displays on your terminal may not exactly match those shown in thismanual. The opening
screen for the UNIX version is different but conveys the same information.

Vel come to GSAS
The General Structure Analysis System

Qurrent listing output page length is 60 |ines
Default for running Least-squares and other long jobs is O\NLINE
Enter a ? or a sinply a <CR> for informati on on avail abl e conmands

kK No nore . EXP files exist *okokkx
Use EXPNAMto enter a new name or try NEXT again
to start over at the top of the list.

The experiment is creation date =
M ST: : GSAS Command? >
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The message in the center of the screen results because GSAS fails to find an experiment
filein your directory; normally it defines the first one alphabetically as the default
experiment. Notice that the command line may aso give the 'node name' for the particular
computer you are working on. To display the main menu of components of GSAStype'?"
or 'CR'. For UNIX systems, type 'help’.

The avail abl e commands are

ATOM List atomscattering data for an el enent

EXPNAM Enter a new experinent name

NEXT Search for a new experiment to work on

SEL* ECT Li st experinents available and select fromthe |ist
PACE Set the page length for the listing file

O\LI NE Set the default for CGENLES, POANPREF, etc. to ONLINE

CFFLI NE Set the default for GENLES, PONPREF, etc. to CFFLINE
DEFAULTS D splay current default settings for PAGE and QN GFFLI NE
Additional information is available fromthe comands

GENERAL Li st the general crystallographic conmmands

PONDER Li st the powder data only comrands

SI NALE List the single crystal only comrands

LANSCE Li st the LANSCE specific comrands

UTI LI TI ES List the GSAS utility routines

BEX*IT, QFIT Exit fromthe GSAS command file
Control-Y is trapped and always returns you to the command request |ine

The experiment is creation date =
M ST: : GSAS Command? >expnam ni ckel

Thislisting includes general purpose routines (ATOM etc.) and references to sublistings
of routines specific to certain parts of acrystal structure analysis. Enter some of these and
seewhat islisted for each. All of the programs are started from this menu. First you have
to establish an experiment name for this training exercise; this name becomes the common
file name for all files generated by GSAS programs. Enter 'EXPNAM NICKEL' to set
the experiment name. GSAS will then prompt for a new command.

YBYSTEM W NOSUCHFI LE, no such file

\' N CKEL. BEXP\

The experinent is NCKEL creation date =
M ST: : GSAS Conmand? >

Running EXPEDT

The system warning message and the lack of a creation date indicates that the experiment
file does not yet exist in this directory; in amoment you will create one. Y ou are now
ready for your first editing session; type' EXPEDT' to initiate the program. The program
will display aquestion concerning your experiment.

Experinent - NCKEL - was not found.
Do you wish to create it (Y/ <N>)? >
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The message on the above screen tells you that the experiment file NICKEL.EXP does not
exist in the current directory. Since you are starting on a new problem type'Y' so that the
filewill be created. If, after having created an experiment file, you get this message when
you start EXPEDT it meansthat either you are not in the proper directory or else you
misspelled the experiment name. In both cases smply type'CR', the program will exit and
then you should either change to the proper directory or change the experiment name as
appropriate and try again. A third possibility isthat your experiment file has been deleted.
If thisisthe case, you are basically out of luck unless thereis a copy or a backup of your
experiment file; otherwise you must start from scratch and recreate a new experiment file.
The new lines tell you the experiment file was created and gives you a new prompt.

The new experiment - NNCKEL - has been created.
Enter atitle for this experinent
>

The program is now requesting atext string up to 66 charactersin length. Thistitle will
appear on various output listings and will be part of the initial display fromEXPEDT and
POWPLOT. Give asuitabletitle such as'Nickel Powder Data Input'. The character
cases will beretained. Therewill be opportunities to change it later. The program will then
display the main title, copyright information and the first menu.

Program EXPEDT Ver si on 6. 50 |
| Anenu driven routine to edit .EXP files |
| Distributed on TEST Vers. 20-JUN 1994 [

[ Allen C Larson and Robert B. Von Dreele |
| Manuel Lujan, Jr. Neutron Scattering Center, M5 H305 |
[ Los Al anbs National Laboratory, Los Al anbs, NM 87545 |
I I
| I

Copyright, 1994, The Regents of the University of California.
Experinent title:

N ckel Powder Data | nput
EXPEDT data setup option (<?> DK P,R S X >

EXPEDT now gives you some options for the kind of calculation you can setup. Type
'CR’ to see these options explained.

EXPEDT data setup options:
<?> - Type this help listing
- Distance/angle cal cul ation set up
n - Delete all but the last n history records
- Powder data preparation
- Reviewdata in the experinent file
- Single crystal data preparation
- Eit from EXPEDT
EXPEDT data setup option (<?> DK P,RS X >

XWNWXDTUVTXRO
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Y ou are going to be preparing powder diffraction data so type'P'. EXPEDT will then
take you through the sequence of required steps needed to input powder data.

You have no phase infornmation
Sel ect editing option for Powder data preparation (<?> P, T, X >

EXPEDT now tellsyou that it has no phase data on file and gives you a short menu of
choices. Type'?' to seethe help listing.

The avail abl e powder data preparation options are:

<?> - Type this help listing

P - Phases - lattice & sp. group

T - Change the experiment title

X - Return to the nmain EXPEDT nenu

You have no phase infornation

Sel ect editing option for Powder data preparation (<?> P, T, X >

The'T' option alows you to change the main descriptive title; all main editing menusin
EXPEDT have thisoption available. Your only real option here isto enter phase
information so type'P'.

There is no phase information present
Enter identifying name for new phase nunber 1.
>

Y ou are reminded that there is no phase information and thus are forced to enter some now.
Type a suitable name for this phase, i.e.'Nickel Powder'. Thereis space for 66 characters
and the case isretained.

No space group information found
Enter space group synbol (ex: Pna?2l, P42/lncm R-3c, P42/m
R -3 mR for rhonbohedral setting) >

Now EXPEDT finds that there is no space group information for this phase and it requests
a space group symbol. It must be a short or full Hermann-Mauguin symbol such as are
found in the International Tablesfor Crystalography; the axial fields are separated by
spaces with subscripts for screw axes following the rotation symbol. No spaces are
allowed between the axis symbol and an associated mirror or glide symbol. Some
examples are given with the input request. Enter'f m 3 m' for nickel; the character
cases are converted by EXPEDT to conform with the standard, i.e. 'F m 3 m'. EXPEDT
will interpret the symbol and perform the group theory necessary to generate all needed
symmetry information for the space group. Thisincludes the symmetry operations, any
specia site symmetry constraints, space group extinctions and rules for generation of a
unique reflection set. Note that the origin in a centrosymmetric space group is aways
placed on a center of inversion. Some of these results are then displayed.
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Space group F m3 m
The lattice is centric F-centered cubic Laue synmmetry n8m
Miltiplicity of a general site is 192

The symmetry of the point 0,0,0 contains 1bar

The equi val ent positions are:

(1) X Y zZ (2 z X Y (3 Y z X
( 4) X % -z (5 -z X Y (6) Y -Z X
(7 -z X -Y (8  -Y -Z X (9 Y -Z -X
(10)  -X Y -z (11 -z =X Y (12) X -y -Z
(13) Y X zZ (14) z Y X (15) X z Y
(16) Y X -z (1) -z Y X (18) X -Z Y
(199 -z Y -X (200 -X -Z Y (21) X -Z -y
(22)  -Y X -Z (23) -z -y X (24) Y -X -Z

Enter real lattice paraneters (Angstrons)
Enter a >

EXPEDT now requests the lattice parameters necessary to describe the unit cell
dimensions. In the case of nickel, which is cubic, only the"a" lattice parameter is needed.
Type'3.5234'; al the lattice parameters are displayed next.

Lattice parameters are
a, b, c 3.523400 3.523400 3.523400
angl es 90. 000 90. 000 90. 000
vol urme = 43. 741
Lattice symmetry is cubic
Space group synmetry is cubic
Enter phase edit command(<?>,$ D EF MI,L S X >

After one phase has been entered you now have the opportunity for further phase editing
commands. Enter 'CR' or '?' to see the full help listing.

Phase editi ng commands:

<?> - Type this help listing
$ - Enter DL command

Dn - Delete all data for phase "n
E n - Edit phase data for phase "n"
Fn- Enter unit cell contents data for phase "n"
| - Insert new phase
M
L
S
X

"oan

n - Toggl e magnetic flag for phase "n"
- List phase names
n - Enter unit cell signas
- Eit to EXPEDT main menu
At | east one phase nust be defined before | eaving this nmenu
Enter phase edit command(<?>,$, D EFMI,L S X >

Astheremark at the end indicates, one phase must have been entered beforeEXPEDT will
permit you to exit this section. If you had atwo phase mixture, the phase information for
the second phase would be inserted with an'l' command; the same sequence of questions
as above will then appear. Y ou have only one phasein this sample and it has been entered
so type ' X'.
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You have no data
Sel ect editing option for Powder data preparation (<?> HP,T,X >

The message now tells you that there is no diffraction data so the next step isto insert
some. The menu has anew item so type'CR' to see the new help listing.

The avail abl e powder data preparation options are:
<?> - Type this help listing

H - Select and prepare histograns
P - Phases - lattice & sp. group
T - Change the experiment title

X - Return to the nmain EXPEDT menu
You have no data
Sel ect editing option for Powder data preparation (<?>HP,T,X >

Select 'H' to start entering some diffraction data.

I nput of histograns and nodification of histogramcontrols:
There are no current histograns
H stogramdata editing nenu (<?>,1,J,X >

Y ou are reminded that there is no data but the menu seems to show two possibilities, type
'CR' to see what they are.

H st ogram nodi fi cation options:

<?> - Type this help listing

| - Insert a new hi stogram

J - Insert a dummy hi st ogram

X - Return to previous nenu

H stogramdata editing nenu (<?>,1,J,X >

You may enter either areal data set or generate adummy data set for test purposes. Here
you are going to enter real dataso type'l’.

Enter raw histograminput file name (<?>,$, QJT)
>

EXPEDT now requests the name of the file that contains the powder diffraction scans for
the nickel problem. To seethe help listing type'CR'.
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This file nust be in standard GSAS powder data fornat
$ - to enter DCOL command
/ - for default (if any)
QJT- to quit program
*** No file nane given ***
Enter raw histograminput file name (<?>,$, QJT)
>

The normal input at this step isafile name, but if you need help in recalling the name of the
fileyou can enter aVMS (or UNIX) command to locate it. In this casethefile

GSAS EXERCISES:NICKEL.RAW contains four powder diffraction patterns each
obtained from one of the four counter banks of a 10m neutron powder diffractometer at
LANSCE. Thisfileisafixed record length ASCII file constructed so that it can be read by
EXPEDT and POWPREF. Theformat of thisfileis described in the GSAS technical
manual. Itisusualy generated by site specific programs designed to take data from the
instrument and convert it into the proper format adding appropriate information required by
GSAS programs. Enter 'GSAS EXERCISES:NICKEL.RAW' (UNIX name
'fusr/gsas/gsas_exer cises/NICKEL .RAW'" - note the cases used in this name).

Header on file:
N CKEL POANDER STANDARD, ROOM TEMP 22:32:50 9/ 8/1984
Is this the correct file (<Y>NQ? >

EXPEDT printsthe data set title and asksiif it isthe correct one. If you answer'N', it will
ask for another datafile name; the'Q" option is used to exit from EXPEDT. Thistitleis
taken from one of the recordsin GSAS EXERCISES:NICKEL.RAW and originated from
atitle given when the data was collected. Sincethisisthe correct data set type'CR'.

Enter PONDER instrument paranmeter file name (<?>,$, QJT)
>

Y ou are now requested to enter the name of afile that contains instrument specific
information. Type'CR' to seethe help listing.

This file nust be in standard GSAS | SAM f or mat

$ - to run DL comrand

/ - for default (if any)

QJIT- to exit from program

Enter PONDER instrunent paraneter file name (<?>,$, QJT)
>

Again you can enter VMS (or UNIX) commands to help locate the proper file name. The
proper filename for this exerciseis'GSAS EXERCISES:INSTPARM.TOF' (or
'fusr/gsas/gsas_exer cises/INSTPARM.TOF'). Enter this name.
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The raw data file is : gsas_exercises: nickel.raw
Enter bank nunber desired (<0 for list, O to quit) >

As noted above the data set in NICKEL.RAW contains four powder diffraction patterns,
one from each of four 'banks' of detectors. To see the characteristic 29 values for each of
the banks type'-1'.

Avai | abl e banks of data:

Bank 1 DFC = 789.51 2-theta = 13. 880
Bank 2 D FC = 4368.97 2-theta = 88. 050
Bank 3 DIFC = 5829.29 2-theta = 148. 290
Bank 4 D FC = 5821.89 2-theta = 148. 290

The raw data file is : gsas_exercises: nickel.raw
Ent er bank nunber desired (<0 for list, O to quit) >

Y ou will use banks 2 and 3 for this exercise, so type'2' to read the data from the 90" bank.
There will be a pause while EXPEDT reads ~5000 data points for this powder pattern.

Readi ng hi stogram - pl ease wait
Bank 2 D FC = 4368.97 2-theta = 88. 050
Do you wish to previewthis histogram (Y/<N>)? >

Asafinal check on the quality of the data you may preview the raw powder pattern. If you
type'Y', the entire pattern will be plotted. After the plot you have another chance to reject
the data and choose a different bank number. For now assume the datais OK and type
'CR'.

Editing of histogrami nformation:

H st ogr am no. 1 Bank no. 2 Two-theta = 88. 05

Title: N CKEL POADER STANDARD, ROOM TEMP 22:32:50 9/ 8/1984
H stogramis not ready to be used in | east-squares

M ni mum d- spaci ng nust be set before processing by PONPREF

The data conpression factor is 1

The data sanmpling factor is O

There are 0 channels in the profile
There are 5120 channels in the spectrum
The first 0 channel s are not used

Enter hi stogramdata modification command (<?> ABCDEFI,L,P,STW >

EXPEDT has now given you the full title and a description of the first data set and a
comment concerning its status. Also listed is some information about the size of the data
set; the compression factor of one means that every channel in the data set will be used
individually. Type'CR' or '?' to seethefull help listing for this menu.
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H st ogram edi ting commands:

<?> - Type this help listing

A - Edit sanple orientation angles

B - Edit fixed background

C - HElit the data conpression factor

D - Set nininmumd-spacing - REQU RED for new hi st ograns
E - Edit excluded regions

F - Set phase flags for this histogram

| - Edit instrumental constants

L - List histogramtitle

P - P ot histogram

S - HEdlit the data sanpling factor

T - Set nin TCF or nax 2-Theta (equival ent to D option)
W - Edit profile parans.

Enter hi stogramdata nodification conmand (<?> ABCDEFI,L,PSTW >

Notice that this menu has no exit ( X") command; thisis because the minimum d-spacing
must be set first by either the'D' or 'T' options. However, it is helpful to display the
powder pattern when setting the minimum d-spacing. Type'P' to display this histogram.

Enter termnal type (<?> ABCDEFGHZ >

Y ou must now enter the type of graphics terminal you are now working on; type'?' to see
the list of supported terminals.

Term nal types supported for graphics:
A DEC VT100 with RETROGRAPH CS
B Tektroni x 4105/ Ver saTer m PRO
C Tektroni x 4010/ 4014
D DEC VT240/ VT330/ VT340 Regi s graphi cs (bl ack background)
E Pericomenul ation
F DEC VT240/ VT330/ VT340 Regi s graphi cs (white background)
G X-Wndows/ Motif workstation (large screen)
H X-Wndows/ Motif workstation (snmall screen)
Z Non graphics termnal
Enter termnal type (<?> AB CDEFGHZ >

If you are not working on a X-Windows workstation then the entries'G' and '"H' will not
show in this menu. Choose the appropriate code for your terminal.

Do you want to save graphics output (Y,<N>)? >

If you respond "Y' to this question then the following menu appears. In the present case
type'CR' and the next two listings will not be seen.

Enter hardcopy option (<?>, AB CDEFGHJ, K >

The various hardcopy devices supported by EXPEDT are given in the help listing.
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H gh resol uti on hardcopy devi ce:

A LA50 printer

B LNO3 printer

C LNO3+ printer

D LVP16/ HPA. 6-pen plotter 8-1/2x11" paper
E LVP16/ HPA 6-pen plotter 11x17" paper

F Meta-fil e out put

G LNO3+ printer, scal ed down

H Post Script printer

J HP Laserjet printer

K Post Script file for WORD 5. 1a

Enter hardcopy option (<?>,AB CDEFGHJK >

For the selected hardcopy device, the system produces a file named "experiment.device"
with the appropriate graphics codes. A new version of thisfile is opened by each program.
To obtain the hardcopy the file must be sent to the appropriate device; this may be attached
to the terminal or be a system device. A postprocessor is required to convert
"experiment. META" to plots and is not part of GSAS. In each case EXPEDT will inquire
after each plot is displayed whether it is to be added to the file, thus you may select which
plots are to be saved.

The next request will appear after your selection of a graphics device.

Do you want to set plot ranges for the first plot (Y <N>)? >

After you have gained experience with powder datafrom a particular diffractometer, then
you will have agood idea of what plot range in TOF will allow you to set the minimum
d-spacing. You would enter "Y' to this question and EXPEDT will subsequently ask for a
range in TOF (or 20, as appropriate) for the first plot. Since you probably haven't seen this
data before, type'CR' and the full pattern will be displayed asthefirst plot.
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NI CKEL POADER STANDARD, ROOM TEMP 22:32:50 9/ 8/1984
Histogramno. = 1 Bank no. = 2 Two-theta = 88. 05
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After the plot is finished a graphics cursor will appear. The commands for using this
cursor are given at the bottom of the plot; it can be used to find the position and height of a
feature in the pattern. For an X-Windows workstation the attached mouse is used to
position the cursor and the buttons are active; an additional help message indicates their
use. Thetwo figures near the peak at ~4.5 msec were obtained by typing'W' and 'H" after
positioning the cursor at the peak top. No return (CR') is needed for most terminals; you
should wait for the cursor to appear before entering a subsequent cursor command. Enter
‘X" (remember no 'CR") to exit the cursor mode, a blinking cursor will then appear at the
left near the bottom of the screen. If you are working on aVT330 with an attached LAS50
printer, you may obtain "screen dump” hard copy on the LA50 by typing'SHIFT-Print
Screen'. Other terminal/printer combinationswill have their own particular scheme for
screen dumps. Then type'CR' to continue. The following line will appear below the plot:

Gve X-nin and X-max for next plot
(default plot="0 0" & <CR> for no plot) >

Notice that the plot covers the entire spectrum and includes the very short TOF region. The
intensity of the "power pulse” is much higher than the Bragg peaks so you would like to
display amore useful region of the pattern. The appropriate response hereisto give two
values covering some part of the full range of theinitial plot. Inthiscase you want to look
at the shortest TOF part of powder pattern containing Bragg peaks (1-2 msec) so type

'l 2'. Thefollowing line then appears.

Type of scaling desired (<?> ARYS >




Page 28 GSAS TRAINING MANUAL 9/2/94

If you want the new plot to be plotted with the same Y -range as the previous plot then
respond'S. If you respond with'R', EXPEDT will then request new values for

Y -minimum and Y -maximum. Y ou want the plot to be automatically rescaled so type'A’.
The new plot will then be drawn and should look like:

NI CKEL POADER STANDARD, ROOM TEMP 22:32:50 9/ 8/1984

H stogramno. = 1 Bank no. = 2 Two-theta = 88. 05
T T T T T T T T T
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—
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I

0.6

Count s/ M crosec.

20- JUN-94 10: 04: 01

Again agraphics cursor appears, enter ' X' (no'CR") to exit the cursor mode and the
blinking cursor then indicates that the plot isfinished. Type'CR' to continue; again you
will have the option to view a portion of theinitia plot range.

Gve X-nin and X-max for next plot
(default plot="0 0" & <CR> for no plot) >

Respond thistime with'CR'. The following menu will appear; the plot is still on the
screen.

Enter hi stogramdata nodification conmand (<?> AB CDEFI,L,P,STW >

Now you want to set the minimum d-spacing by setting the minimum TOF. Type'T' to
select this option; the plot remains on the screen.

~ 209 reflections for d-minimumé& TOF-mninumof 0.250 A& 1.094 nsec
Enter new mnimum TOF in nsec. (/ if OK >
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Asyou can see from the plot, thereis very little Bragg intensity above background for TOF
< 1.1 msec. Also notethat an estimate of the number of reflections from all phases with
d-spacings greater than d-minimum is also given. Thisestimateisawayshigh. Type'l.1'
for anew minimum TOF. Because the new d-minimum is quite close to the default value,
EXPEDT will accept the new value and proceed to the next prompt.

H st ogram no. 1 Bank no. 2 Two-theta = 88. 05

Title: N CKEL POADER STANDARD, ROOM TEMP 22:32:50 9/ 8/1984

H stogramis not ready to be used in | east-squares

H st ogram needs to be processed by PONPREF

The data compression factor is 1

The data sanpling factor is O

There are 0 channels in the profile

There are 5120 channels in the spectrum

The first 688 channel s are not used

Enter hi stogramdata nodification command (<?> ABCDEFI,L,P,ST WX >

Y ou now seethe full title for this histogram and the comment has changed to indicate that
the required editing has been performed. This histogram can now be processed by
POWPREF. Also notice that part of the pattern is now excluded from use; these channels
correspond to d-spacings less than d-minimum. The menu now includes the exit option.

Because the diffractometer electronics for this TOF instrument used the same channel width
for all banks of detectors, the channel widths for this ~90° bank are much narrower than
necessary. The compression factor allows you to group adjacent channels together into a
single data point for analysis. To change the compression factor type'C'.

The spectrumhas 5120 channel s
The current data conpression factor is 1
Enter the new data conpression factor (1 to 99) >

We suggest that you use a compression factor of two so type'2'.

The new data conpression factor is 2
Enter histogramdata nodification command (<?>, A B CDEFI,L,PST WX >

Y ou are finished editing this histogram so type'X"; you are still in the process of reading
histograms and the next display will show a prompt for a new bank number. TheGSAS
raw datafile name is displayed as areminder.

The raw data file is : gsas_exercises: ni ckel.raw
Enter bank nunber desired (<O for list, O to quit) >

Now you want the data from the third bank of detectors, 29 of ~150°. Type'3', again
there will be a pause as ~5000 profile points are read.
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Readi ng hi stogram - pl ease wait
Bank 3 D FC = 5829.29 2-theta = 148. 290
Do you wish to preview this histogram (Y/ <N>)? >

Aswith the first histogram you can preview the histogram before lettingGSAS use it; but
the datais OK sotype'CR'.

Editing of histograminfornation:

H st ogram no. 2 Bank no. 3 Two-theta =  148.29

Title: N CKEL POADER STANDARD, ROCOM TEMP 22:32:50 9/ 8/1984
H stogramis not ready to be used in | east-squares

M ni num d- spaci ng nmust be set before processing by PONPREF

The data compression factor is 1

The data sanpling factor is O

There are 0 channels in the profile
There are 5120 channels in the spectrum
The first 0 channel s are not used

Enter hi stogramdata nodification command (<?>, ABCDEFI,L,PSTW >

Just asfor thefirst histogram, you cannot exit until the minimum d-spacing has been set.
Type'P' to plot the pattern.

Do you want to set plot ranges for the first plot (Y <N>)? >

Again you don't know what to expect for this pattern, so type'CR'. Since the terminal
typeisaready known to EXPEDT, the plot appears immediately.
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NI CKEL POADER STANDARD, ROOM TEMP
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Again the entire pattern is displayed with the graphics cursor. The "power pulse” is even
stronger and you will want to exclude it from the next plot. Type'X' and possibly 'CR' to

continue.

GAve X-nn and X-max for next plot
(default plot="0 0" & <CR> for no plot) >

The useful range starts at 1 msec and you want automatic scaling sotype'l 2 a'.
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NI CKEL POADER STANDARD, ROOM TEMP 22:32:50 9/ 8/1984
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Againtype'X' and possibly 'CR' to get the next prompt.

Ave X-nn and X-max for next plot
(default plot="0 0" & <CR> for no plot) >

Thisplot is satisfactory for setting the minimum d-spacing so type' CR' to continue. The
menu for editing histogram data will be displayed.

Enter hi stogramdata modification conmand (<?> A B CDEFI,LP,STW >

Sdect'T' to set the minimum TOF.

~ 209 reflections for d-mnimumé& TO-mnimumof 0.250 A & 1.458 nsec
Enter new mnimumTCOF in nsec. (/ if OK >

Asyou can see from the plot, the first Bragg peaks appear at 1.5 msec so enter’'1.5' to set
the minimum TOF. Because this new minimum is sufficiently different from the default
value, EXPEDT reca culates the limits and the estimated number of reflections and
displays an updated prompt.

~ 194 reflections for d-mnimmé& TO~-mninumof 0.257 A& 1.500 nsec
Enter new mnimum TGF in nsec. (/ if OK >
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Now type'/' to accept it. The screen will be cleared and the following displayed.

H st ogram no. 2 Bank no. 3 Two-theta =  148.29

Title: N CKEL POADER STANDARD, ROCOM TEMP 22:32:50 9/ 8/1984

H stogramis not ready to be used in | east-squares

H st ogram needs to be processed by PONPREF

The data conpression factor is 1

The data sanpling factor is O

There are 0 channels in the profile

There are 5120 channel s in the spectrum

The first 937 channel s are not used

Enter hi stogramdata nodification command (<?> ABCDEFI,LP,ST WX >

Again apart of the powder pattern is excluded by the choice of aminimum d-spacing. This
powder pattern was collected from a detector bank at alarger 29 and has a higher resolution
than the first one; thus the compression factor of one is appropriate. Later you may wish to
experiment and try various compression factors to see how it affects the calculations. For
now leaveit at one. The'W" option isfor access to the Bragg peak shape parameters and
related coefficients. The valuesfor these parameters are initially set at appropriate defaults
for thisinstrument and were read from the instrument parameter file. We want you to
examine these coefficients and change one of their values so type'W'.

Change profile paraneter val ues and refinenent flags

H st ogr am no. 2 Bank no. 3 Two-theta =  148.29

Title: N CKEL POADER STANDARD, ROCOM TEMP 22:32:50 9/ 8/1984
H stogramis not ready to be used in | east-squares

H stogram needs to be processed by PONPREF

Phase no. 1

Phase nane: N ckel Powder

Ani so. broadening axis 0. 0. 1. Danp O

Peak profile type no. 1 Nunber of coefficients: 12

Profile coefficients for Von Dreele, Jorgensen & Wndsor convol ution function
J. Appl. Qyst., 15,581-589(1982)

Modi fied by Von Dreel e - unpublished (1983).

#1(alp-0) = 0.0000 N #3(bet-0) = 5.5766E-02 N #5(sig-0) =  0.00000 N
#2(alp-1) = 0.1374 N #4(bet-1) = 1.3723E-03 N #6(sig-1) = 48.76430 N
#8(rstr ) = 0.00 N #9(rsta ) = 0.00 N #7(sig-2) =  0.00000 N
#10(s0Oec) = 0.00 N #11(slec) = 0.00 N #12(s2ec) = 0.00 N

Qut-off for peaks is 1.00 percent of the peak maxi mum
Profile editing options - (<?>,$,ACLPRWX >

Thereisaset of profile coefficients for each phase and each histogram in a powder data set.
Theinformation displayed gives atitle identifying the phase and histogram, the identity of
the profile function with literature references, the names and values of the coefficients, and
afactor setting the limits of the peak bases. It isthislast value that we want you to change
here. Type'?' to seethe help listing.



Page 34 GSAS TRAINING MANUAL 9/2/94

Profile editing options:

<?> - Type this help listing

- Enter DCL conmand

- Change ani sotropi c broadeni ng axi s

- Change profile paraneter val ues

- List the current profile values and their refinement flags
- Sel ect new phase "n"

- Reset profile coeffs. to default values for type "n"
- Change the peak cut-off value

- it fromthis nmode

WARNI NG -- Changes in profile parameters or cutoff

shoul d be followed by rerunni ng PONPREF

Profile editing options - (<?>$,ACLPRWX >

XsmUOUrO>re
55

The reason for the warning is that if the profile coefficients are changed significantly or,
aternatively, if the cutoff is changed; the range in TOF over which a Bragg reflection
contributes may change. POWPREF must be rerun in order to establish new peak limits
reflecting these changes. Y ou will be running POW PREF shortly and the peak limits will
be set for the first time. If these parameters or any other parameters that affect reflection
positions are changed by the least squares refinement or are manually changed,
POWPREF should be run again.

The width of the peak base is defined as a cutoff when the peak profile function drops
below some fraction of the peak maximum. By default the cutoff occurs when the profile
intensity falls below 1.0 percent of the maximum. Y ou are to change that to 0.5 percent so
that the peak bases are wider. Y ou can enter the option and the new value on one line so
type'W 0.5'. EXPEDT liststhe old and new values.

Qurrent cut-off is 1.00 percent of peak maxi mum
The new cut-off is 0.50 percent of peak maxi num
Profile editing options - (<?>,$,ACL PRWX >

Y ou are finished here, type'X'.

Enter histogramdata modification command (<?>, AB CDEFI,L,PST WX >

Y ou are all done editing this histogram so type'X'. The next display shows that you can
read another histogram from the datafile.

The raw data file is : gsas_exercises: ni ckel .raw
Enter bank nunber desired (<O for list, Oto quit) >

Y ou have read all the data sets that are needed at thistime sotype'0'. If a alater timeyou
want to include more powder patterns, a sequence of menus will bring you back to this
section of EXPEDT. Inaddition, if you try to reread a data set for a new histogram
EXPEDT will warn you of that fact (twice) and give you the opportunity to reconsider.
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H stogramdata editing nenu (<?>, D EI,J,L,P,RUX 2 >

Both histograms are now ready for processing by POWPREF. The line displaying the
main histogram modification menu now has several additional entries. Type'?' to seethe
full help listing.

H st ogram nodi fi cation options:
<?> - Type this help listing
D n/n:m- Do not use histograns
E n - Edit powder histogram"n"
- Insert a new hi stogram
- Insert a dummy hi st ogram
- List histogramtitles
- Edit phase flags for histogramn
- Repl ace histogramn
:m- Use histograns
- Edit zone data for histogramn
- Return to previous nenu
n/n:m- optional histogram nunbers:
n - individual histogram nunber
n:m - range of histogram nunbers
ALL - all histograns
H stogramdata editing nenu (<?> D EI,J,L,PRUXZ2 >

XNCxomOr«—
= R s e
~
=}

Besides the options for input and modification of histograms, there are two options for
flagging specific histograms for inclusion in subsequent calculations. The'D' optionis
used to mark histograms so that they will not be used by GENLES, and'U' removes that
mark. Theseinstructions are only effective on powder data histograms after first
processing them with POWPREF. Y ou are finished with histogram editing so type'X".

Select editing option for Powder data preparation (<?> HP,T,X >

Y ou are done with editing of powder data so type'X'. The main menu for EXPEDT will
next appear with some additional entries.

EXPEDT data setup option (<?> D F, KL P,RS X >

Once a data set has been introduced to GSAS you are able to edit the inputs for least
squares and Fourier calculations. Type'?' to see these options listed.
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EXPEDT data setup options:
<?> - Type this help listing
- Distance/angl e cal cul ation set up
- Fourier calculation set up
n - Delete all but the last n history records
- Least squares refinenment set up
- Powder data preparation
- Reviewdata in the experinent file
- Single crystal data preparation
- Eit from EXPEDT
EXPEDT data setup option (<?> D F, KL P,RS X >

XNWXIOVTUVTr XTO

You are al done for now so type'X' and EXPEDT will terminate and the GSAS prompt
will be displayed.

EXPEDT term nated successfully
The experiment is NCKEL creation date = 20-JUN-1994 10: 00: 04. 57
M ST: : GSAS Command? >

Preparation of Powder Data - Program POWPREF

The next step isto run POWPREF to prepare the two histograms just indicated, by
generating reflection sets according to the space group and lattice parameters, and matching
these sets to the powder patterns. You start with the mainGSAS prompt.

M ST: : GSAS Conmand? >

To start it smply type' POWPREF' after the GSAS prompt. If you are working on a
VMS system, you will have the opportunity to choose a batch queue or "online" for
running POWPREF.

Subm t PONPREF to whi ch QUEUE? (<ONLI NE>, SLON SHCRT, FAST, OTHER, LI ST, ?) >?

If apreviously submitted batch job with this experiment had not finished, an error message
will appear telling you that a previous batch file still exists. This message also appearsif a
previously submitted batch job failed or aborted before completion. In the latter case you
must delete the 'EXPERIMENT$PROGRAM.BCH ' file before any new batch job can be
run. The VMS GSAS utility routine' DBCH' can be used to delete any batch file for the
current experiment. Do not delete the batch file for a batch job that is still running. Y ou
now have a choice of batch queues for the POWPREF run. Type'?" to see the names of
the queues.
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The SLONqueue is SYSSBATCH

The SHCRT queue is SYSSMED

The FAST queue is SYS$FAST

OTHER i s any |l egal batch queue nare

LIST to list all batch queues

Submt POAPREF to which QUEUE? (<ON\LI NE>, SLON SHORT, FAST, OTHER, LI ST, ?) >

Your VMS system may have adifferent list, but it will probably have at least a choice
between running the job "online", afaster executing queue for short jobs, and a slower one
for long ones. The"OTHER" option allows you to enter a specific queue name other than
one of the GSAS queues. Because this display was produced on avery fast DEC Alpha
machine, this menu shows "ONLINE" asthe default; if selected POWPREF would be
run immediately giving some brief output showing its progress.

PONPREF wi |l be executed online

H st ogram no. 1 Bank no. 2 Two-theta = 88. 05
Title: N CKEL POANDER STANDARD, ROCOM TEMP 22:32:50 9/ 8/1984
H stogramis not ready to be used in | east-squares
H st ogram needs to be processed by PONPREF
Header on file:
N CKEL POADER STANDARD, ROOM TEMP 22:32:50 9/ 8/1984

H st ogram no. 2 Bank no. 3 Two-theta =  148.29
Title: N CKEL POADER STANDARD, ROOM TEMP 22:32:50 9/ 8/1984
H stogramis not ready to be used in | east-squares
H st ogram needs to be processed by PONPREF
Header on file:

N CKEL POADER STANDARD, ROOM TEWP 22:32:50 9/ 8/1984
PONPREF terninated successfully

The experinent is NCKEL creation date = 20-JUN 1994 10: 00: 04. 57
M ST: : GSAS Conmand? >

For a UNIX system the choice is between running the POWPREF job in "foreground”
(equivalent to "ONLINE") or in the "background". If thejob isrunin background, alog
file with the name 'NICKEL.LOG' is created which will contain the above brief output
instead of displaying it on the terminal.

Y ou should wait until POWPREF completes before going on to the next step in the
training exercise; you should know that any attempt to run certain GSAS programs
(especialy EXPEDT and GENL ES) may destroy sections of the experiment file.
POWPREF will open alisting file 'NICKEL.LST" which will contain all line printer
output from POWPREF. Subsequent runs of POWPREF and many other GSAS
programs will append their line printer output onto this file thus generating a continuous
record of your progress on theNICK EL experiment. If thisfileis deleted the next one of
these programs to be executed will create anew one. TheGSAS utility 'DLST' can be
used to delete thisfile. When POWPREF completes you can print NICKEL.LST or
examineit on your terminal with the GSAS utilities'ELST' or '"TLST'. Thislistingis 132
characters wide so set your terminal accordingly.
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Plotting of Powder Data - Program POWPLOT
I ntroduction

POWPLOT istheroutinein GSAS for plotting observed and calculated powder
diffraction patterns. It also hasfacilities for displaying the difference curve, performing an
error analysis on differences and marking reflection positions. POWPLOT can be used
to plot any powder pattern once it has been processed by POWPREF. Thistraining
exerciseillustratesits use to check the results of POWPREF which you ran in the
previous step. You will be interested to see if the calculated reflection positions correspond
tﬁ theI observed peaks; thiswill be evident from the positions of the reflection markers on
the plots.

Running POWPLOT
POWPLOT isrun from the GSAS command level by entering 'POWPLOT' after the

prompt. The program will display a copyright message and prompt for aletter identifying
the kind of terminal you are working on.

|
| Program POAPLOT Versi on 6. 53 |
| Powder pattern plotting program
| Distributed on TEST Vers. 20-JUN 1994 |

[ Allen C Larson and Robert B. Von Dreele |
[ Manuel Lujan, Jr. Neutron Scattering Center, Ms-H305 |
[ Los Al anos National Laboratory, Los A anmps, NM 87545 |
| |
I I

Copyright, 1994, The Regents of the University of California.
The last history record is :

HSTRY 2 POANPREF V-6. 17 20-JUN-94 10: 07:50
Enter termnal type (<?> ABCDEFGHZ >

Various graphics terminals are supported by POWPL OT; they are the same asthose in
EXPEDT. Choose the appropriate code for your terminal.

Do you want to save graphics output (Y,<N>)? >

If you want to have a hardcopy of the plots (apart from "screen dumps") then respond'Y".
We will assumethat you entered'N'. After listing the experiment title, the main
POWPLOT menu is shown.

Experinent title:
N ckel Powder Data | nput
Enter command (<?>,B,CDHI,LLMNQPRSTX >

Enter '?' or 'CR’ to obtain the full help listing. The screen will be cleared beforehand.
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PONPLOT Commands:

<?> - Type this help listing

- Toggl e background subtraction control

- Toggl e cursor control

- Dfference curve toggle

Read powder histogram"n"

- I/loor | on Y-axis toggle

- List histogramtitles & plot options

- Mark reflection positions toggle

Read next powder hi stogram

- Toggl e the observed point plotting node

- Plot histogram

- Plot radial distribution functions

- Set initial plot ranges toggle

- D-spacing or TOF/2-theta on X-axis toggle
- Eit from PONPLOT

Enter command (<?> B, CDHI,LMNQPRST X >

>
1

X0 UvOoZZr T ITOOW®

Asyou can see many of the options are toggles that switch between two modes; each time
one of theseis entered the program switches mode and prints a message indicating the
current mode. Enter 'L’ to seethelist of histogram titles and the current state of al the
toggles.

The last history record is :
HSTRY 2 PONPREF V-6.17 20-JUN-94 10: 07: 50

H st ogram no. 1 Bank no. 2 Two-theta = 88. 05

Title: N CKEL POADER STANDARD, ROOM TEMP 22:32:50 9/ 8/1984
H stogramwi || be used in | east-squares

H st ogr am no. 2 Bank no. 3 Two-theta =  148.29

Title: N CKEL POADER STANDARD, ROCOM TEMP 22:32:50 9/ 8/1984

H stogramwi || be used in |east-squares

Background will not be subtracted

D fference curves will not be plotted

Refl ection positions will not be narked

Intensities will not be divided by incident spectrum
Plot will use Dspacing in angstrons

Full scale plot will be displayed

Cbserved points will be plotted as"+"

Qursor will not be active

Enter command (<?>,B,CDHI,LLMNQPRSTX >

To begin you must read a histogram, enter'H 1' or 'N' toread it. Therewill be a pause as
the file 'NICKEL.PO1' is read.

The sel ected histogramis:

H st ogram no. 1 Bank no. 2 Two-theta = 88. 05

Title: N CKEL POADER STANDARD, ROOM TEMP 22:32:50 9/ 8/1984
H stogramw || be used in |east-squares

Readi ng hi stogram - pl ease wait

Enter command (<?> B, CDHI,LMNQOQPRST X >
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The information displayed gives the histogram number and some information about the
histogram to allow you to identify the currently selected pattern. Thereisalso a status
message which indicates that this pattern has been fully prepared and is ready to be used for
|east-squares refinement.

Y ou wish to have the routine mark the reflection positions and use TOF in msec as the
X-axis, thusenter'M T'. The following messages will be displayed indicating the new
state of the appropriate toggle. These toggles will remain set until changed by reentering
the appropriate codes.

Refl ection positions will be narked
Plot will use TOF in nmsec
Enter command (<?> B, CDHI,LMNQOQPRST X >

After the toggles have been set as appropriate, enter'P' to cause the plot to be drawn on the
screen. Assuming that your toggles are set the same way, it should look like this:

Ni ckel Powder Data | nput

Bank 2, 2-Theta 88.1 bserved Profile
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20- JUN-94 10: 09: 15

After the plot is finished a blinking cursor will appear at the left near the bottom of the
screen. Notice that the reflection markers closely correspond to the peak positions. If the
lattice parameters or diffractometer zero point had incorrect values the markers would not
lie under the peak positions. This situation would probably causeGENL ESto fail or at
best converge very slowly. Y ou would have to correct the values withEXPEDT and
rerun POWPREF before continuing. 'Y ou may obtain a hard copy if desired with the

appropriate command. Y ou may haveto type'CR' to continue; the following line will
appear below the plot:
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Gve X-nn and X-max for next plot
(default plot="0 0" & <CR> for no plot) >

Thisisgeneraly used for viewing a smaller portion of the plot and operates exactly the
same way as the plotting facility inEXPEDT. If the'S' option had been selected above
this line would have appeared before the first plot. Y ou want to look at the region from 3-4

msec with automatic scaling so enter'3 4 A'. The new plot will then be drawn and
should look like:

Ni ckel Powder Data | nput
Bank 2, 2-Theta 88.1 bserved Profile
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Again the blinking cursor indicates that the plot isfinished. Notice that the toggle settings
are still in force; in order to change these you have to be in the manPOWPLOT menu.
This plot gives you aclearer view of the relationship between the marker positions and the
peak topsin thisrange. Itisnot essential for the markersto be exactly at the peak top
positions for GENL ESto succeed. Infact, for some of the TOF peak shape functions the
proper reflection position is near the left edge of the peak. The kind of agreement that you

see hereis sufficient. Y ou may haveto type'CR' to continue; again you will have the
option to view aportion of theinitial plot range.

Ave X-nn and X-nmax for next plot
(default plot="0 0" & <CR> for no plot) >

Respond thistime with'CR'.
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Enter command (<?> B, CDHI,LMNQPRST X >

Y ou are now back to the POWPL OT main menu and you will want to look at the second
histogram. Type'N’; the title and status of the second histogram will be displayed. Again
there is a pause while 'NICKEL.P0O2' is read.

The sel ected histogramis:

H st ogram no. 2 Bank no. 3 Two-theta =  148.29

Title: N CKEL POADER STANDARD, ROOM TEMP 22:32:50 9/ 8/1984
H stogramw || be used in |east-squares

Readi ng hi stogram - pl ease wait

Enter command (<?> B, CDHI,LMNQOQPRST X >

The set of toggles used for thefirst histogram are till in force; you want to plot this
histogram so type'P'. The plot will immediately follow.

Ni ckel Powder Data I nput
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As before the blinking cursor indicates the plot is finished; type'CR' if needed to continue.
Thefollowing line will appear below the plot:

Gve X-nn and X-max for next plot
(default plot="0 0" & <CR> for no plot) >
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Again you want to look at the powder pattern in the region from 3-4 msec so type
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'3 4 A'. Thenew plot will then be drawn and should look like:

Page 43

Ni ckel Powder Data I nput
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Again the blinking cursor indicates that the plot isfinished. In this plot the marker

positions are quite close to the peak center positions and are satisfactory. Type'CR' if

needed to continue.

Gve X-nin and X-max for next plot
(default plot="0 0" & <CR> for no plot) >

Respond with 'CR'.

Enter command (<?>, B, CDHI,LLMNQPRSTX >

You areal donesotype'X'. POWPLOT will terminate and the GSAS prompt will

POAPLOT term nated successful ly

The experinent is NCKEL creation date = 20-JUN 1994 10: 00: 04. 57

M ST: : GSAS Command? >
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Setup for Least Squares - Program EXPEDT
I ntroduction

Thistraining exercise step is needed to enter the data for the first Rietveld refinement cycles
for nickel powder. Y ou need to enter the atomic parameters for the nickel atom, set the
least squares controls and select afew parameters for refinement. Because all Rietveld
refinements start by refining the scale factors and the background coefficients, EXPEDT
selects these by default along with setting a default number of least squares cycles.
Nonetheless, you will examine these parameters to see how they are selected. Once these
steps are completed you can run your first least squares.

Running EXPEDT

Asbefore EXPEDT isrun from the GSAS command level by typing 'EXPEDT'; the
experiment name'NICKEL' must have previously been selected with the' EXPNAM'
command. The copyright message will be displayed followed by a summary of your last
operation on this experiment and a menu.

Program EXPEDT Ver si on 6. 50 [
| Anenu driven routine to edit .EXP files |
| Distributed on TEST Vers. 20-JUN 1994 [

[ Allen C Larson and Robert B. Von Dreele |
[ Manuel Lujan, Jr. Neutron Scattering Center, M5 H305 |
[ Los Al anos National Laboratory, Los A anbs, NM 87545 |
I I
I I

Copyright, 1994, The Regents of the University of California.
The last history record is :

HSTRY 2 PONPREF V-6.17 20-JUN-94 10: 07: 50
Is this the file you wish to use? (<?>,DKNQRY) >

The 'history record' gives the name and version of the last program inGSAS to modify
your experiment file. The date and time of that modification isaso given. Type'?' to see
your options.

The options here are:

D- Delete this EXP file and | ook further

K - Live dangerously. NO NEW QCPY, NO BACKUP!

N - Look for an ol der version of the EXP file

Q- Qit, exit fromthe program

R- Reviewthe data in this file

Y - Oeate a copy of this file and edit it

Is this the file you wish to use? (<?>,DKNQRY) >

These options allow you to use any of the available versions of the experiment file. For
example, if the previous |least squares run diverged (as can happen in Rietveld refinements)
the'D' option allows you to delete the result and go back to a previous version of the
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experiment file. Thusit isimportant to be careful about using the VM S command
'PURGE' on these files. The GSAS utility 'PEXP" will purge just the experiment files for
the current experiment. If you are very sure of what you are doing and are willing to live
with the results of thisEXPEDT run, you can usethe'K" option. This saves the step of
making anew copy of the experiment file before editing commences. The more cautious
response is to create a copy and edit it so type'Y".

Experinent title:
N ckel Powder Data | nput
The last history record is :
HSTRY 2 POANPREF V-6.17  20-JUN-94 10: 07: 50
EXPEDT data setup option (<?> DF, KL P, QRS X >

The experiment title is the one entered in your first session WithEXPEDT. To seethe
help listing type'?' or just 'CR’.

EXPEDT data setup options:

<?> - Type this help listing

- Distance/angl e cal cul ati on set up

- Fourier calculation set up

- Delete all but the last n history records
- Least squares refinement set up

- Powder data preparation

- Qit EXPEDT; no changes will be made

- Reviewdata in the experinent file

- Single crystal data preparation

- Exit from EXPEDT

EXPEDT data setup option (<?> D F, KL P, QRS X >

>

XWNWIOVOTVrXTO

Because the function of EXPEDT isto prepare a data set for a specific type of calculation,
the menu lists the different types of calculations possible for a crystal structure analysis.
For each selection only that part of EXPEDT required to prepare data for that calculation is
accessible to you. You want to prepare least squares data so type'L".

Select editing option for Least Squares calculation (<?> ABFLQRST,X >

Thisisthe main menu for editing of datafor aleast squares calculation. Type'?' to seethe
help listing.
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The avail abl e options are:
<?> - Type this help listing
A - Edit atomparaneters
- Edit rigid body constraints
F - Edit atomformfactor paraneters
L - Edit least squares controls
O - HEdit overall paraneters
R - Review sone of the EXP file data
S - HEdit soft constraint data
T - Change the experiment title
X - Exit to nmain EXPEDT nenu
Sel ect editing option for Least Squares calculation (<?> ABFLQRST, X >

Asyou can see the options listed here cover those things that are essential for the setup of a
least squaresrun. Y ou can edit atom parameters (you will do that after changing thetitle),
set the least squares controls (number of cycles, etc.), edit overall parameters (scales, lattice
parameters, profile coefficients, etc.) and finally examine the records in the experiment file
to see what has been done. To change thetitletype'T".

add experinment title:

N ckel Powder Data | nput

Enter new experinent title (/ if K
>

So that the next set of titles reflect the status of the nickel problem enter'Nickel Powder
Refinement'.

Select editing option for Least Squares calculation (<?> ABFLQOQRST,X >

Since you need to enter anickel atom, type'A'.

Phase No. 1 There are 0 atons for this phase
Title: N ckel Powder
Gve atomediting command (<?>,$,1,S X >

Thelinesjust displayed tell you that for the nickel powder phase you do not have any
atoms. Asyou can seethere isonly one atom editing option; type'?" to see the help listing.
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Atomediti ng conmands:

<?> Type this hel p package

X <?> - To give details on command x

$ - Enter DCOL comand

I's - Insert one atomor read atons froma file
S - Mudify the space group and unit cell data
X Exit fromediting atons

Wiere "t" is an atomtype, "s" is an atom sequence nunber, "sl1l:s2" refers
to a range of atom sequence nunbers, and "codes" are specific to the
command; see the individual help listings for specific instructions

Phase No. 1 There are 0 atons for this phase
Title: N ckel Powder
Gve atomediting command (<?>,$,1,S X >

Asyou can see when there are no atoms your only options are to either insert one or exit.
Y ou want to enter the one nickel atom needed for this problem sotype’'l 1'. You are then
prompted for some information about atom '1'.

Enter TYPE, X Y, Z FRAC or <?> for help
>

Y ou are prompted to enter the atom TYPE' first. Thisisjust the chemical symbol for the
atom; EXPEDT uses this symbol to search an atom datafile for all information available
for that element and place that data in the experiment file for later use. The main
computational programs such as the least squares progranGENL ES use the atom TY PE
to retrieve scattering factor data or other data as needed. If the TY PE isunknown
EXPEDT will prompt you for a new one, but you should note that character case for
TYPE isnot significant. The TY PE can aso be used to select isotope and ion specific
information; aTY PE of 'NI+2_58' (note the underscore' ') would load the Ni2*+ x-ray and
the 58Ni neutron scattering data. Specifying aTY PE of just'NI' gives the neutral atom x-
ray scattering factor and the natural abundance neutron scattering length. Note theion
chargeis specified before the isotope and synthetic elements (Pu etc.) have no 'natural
abundance' and therefore require the isotope designator.

The next three entries are the crystallographic fractional coordinates for the atom and are
usually entered as decimal numbers but in some cases integer fractions are more useful (i.e.
1/3 1/3 1/3 instead of .333333 .333333.333333). Thelast entry 'FRAC' isthe fractiona
occupancy of the atom site. Normally agiven atom site is occupied by an atom 100% of
the time, thus FRAC = 1.0. However, either due to disorder or solid solution formation, a
given atom site is sometimes occupied only part of the time by a particular type of atom.
FRAC isthen set to that fraction. Note that this value does not have to be adjusted by the
number of symmetry equivalent sitesin the cell. GSAS programs automatically handle the
site symmetry and multiplicity so you need not be concerned about its effects on FRAC.
To enter the appropriate values for the nickel atomtype'NI 0 0 0 1'.

Enter optional nane (/ for default = N (1) ) >
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EXPEDT composes an optional name for your reference. It is constructed from the atom
element symbol and sequence number. Y ou may replace it with another if you desire. The
optional names are 8 characters wide and can not contain imbedded blanks or commas.

Y ou assume that thisoneis OK so type'/'.

Enter FLAG (I or A) and Us (<?> for help) >

The 'FLAG requested isto tell EXPEDT whether you are going to enter an'l'sotropic
temperature factor, Ujg, Or aset of six ' A'nisotropic temperature factors; up1, Uzo, U3z,
U12, U1z and up3. Anisotropic temperature factors are checked to ensure that they are
consistent with the atom site symmetry and are corrected if they do not conform. You are
going to enter just asingle isotropic value for this nickel atom sotype'l 0.004'. A listing
of the atom data just entered is displayed next.

SER TYPE X Y Z FRAC  NAME u SO CCCE  STSYM MALT FXU
1N 0. 00000 0. 00000 0.00000 1.00000 N (1) 0. 00400 | VMBM 4 000

Phase No. 1 There are 1 atons for this phase
Title: N ckel Powder
Gve atomediting coomand (<?>,$,CDEFI, KL MSTUV,X+-,*/) >

The atom dataislisted in essentially in the same order asit wasinput. Notice the extra
gpaces after 'I' in the column marked 'CODE'; these are places for atom refinement codes.
Later you can refine atom parameters and the codes 'F', 'X', 'U" will appear here to
indicate that these classes of atom parameters are subject to refinement. GSAS handles the
symmetry rules governing the refinement of atom parameters, therefore only the parameter
class to be refined need be noted. The columns marked 'STSYM' and 'MULT' give the
site symmetry and the number of equivalent positionsin the cell for this atom location. The
last column marked 'FXU ' gives the damping factors for each of these classes of atom
parameters. Thistype of listing is aso produced after most other atom editing commands.
Also notice that the atom editing menu has grown considerably in length; type'CR' to see
the full help listing.



9/2/94 GSAS TRAINING MANUAL Page 49

Atomediti ng conmands:

<?> - Type this hel p package

X <?> - To give details on command x
$ - Enter DCOL comand

+,-,%, or [/ - Modify num atom paraneters

Ct/s/sl:s2 codes - Change atom paraneters
D t/s/sl:s2 codes - Mdify atom danpi ng factors
E t/s/sl:s2 - Erase atons
- Fix specific atom paraneters
S - Insert one atomor read atons froma file
- Set atom paraneter constraints
t/slsl:s2 - List atons, if none specified all atons will be listed
- Edit magnetic noment data
- Modify the space group and unit cell data
Tt/s/sl:s2 MV - Transformatomparameters by matrix "M and vector "V
Ut/s/sl:s2 codes - Convert atomthernal factors
V t/s/sl:s2 codes - Mdify refinenent flags
X - Exit fromediting atons
Wiere "t" is an atomtype, "s" is an atom sequence nunber, "s1:s2" refers
to a range of at om sequence nunbers, and "codes" are specific to the
command; see the individual help listings for specific instructions

nwrx—m

Phase No. 1 There are 1 atons for this phase
Title: N ckel Powder
Gve atomediting coomand (<?>,$,CDEFI, KL MSTUV,X+-,*/) >

This help listing gives a short description of how each command works. Note that a
command letter alone or followed by '?' gives ahelp listing specifically for that command.
Try thiswith each command to see the various help listings. Notice the reference to atom
sequence number. As each atom is entered you assigned it a unigue sequence number in
the range 1-999; EXPEDT checksit for uniqueness. It retains this number for all
subsequent manipulations; i.e. it cannot be changed (except by UNIMOL). After one
atom has been inserted subsequent atoms can be added in sequence by entering'l N'.
When you want to edit some parameters associated with this atom you must refer to it with
this number. However, groups of atoms can be referred to by either arange of sequence
numbers (i.e. 4:20 for atoms 4 to 20, inclusive) or by atom type (i.e. C for all carbon
atoms). As aconsequence some of the atom editing commands are quite powerful (and
dangerous - particularly 'C'). Y ou have successfully entered the required nickel atom so
type' X' to return to the main least squares editing menu.

Select editing option for Least Squares calculation (<?> ABFLQOQRST, X >

Next you want to examine the least squares controls so type'L".

Maxi mum nunber of cycles is 3
Enter L-S control editing option (<?> CEL,P, X >

The only required least squares control for a Rietveld refinement has already been set,
namely the number of least squares cyclesto be performed. Type'?' to seethe help listing.
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C n - maxi mum nunber of cycles

E - Change powder data Fobs extraction flags

L - List current settings

P - Select options for the output listing

X - Exit fromediting |l east squares controls
Enter L-S control editing option (<?>, CEL,P X >

The'E' option allows you to extract "observed" structure factors from the Rietveld
refinement in GENLES. They are calculated by apportioning the observed profile
intensity among the contributing reflections according to the ratio of the calculated structure
factors. These calculated values are either obtained using the atom parameters or derived
by the leBail procedure, where the calculated structure factors are obtained from the set of
observed values extracted in the previous refinement cycle. The'P' option alows you to
request additional information beyond the default to be printed in theGENL ES list output.
Y ou are done here so type' X" to go back to the main menu.

Select editing option for Least Squares calculation (<?> ABFLQOQRST, X >

Next you want to check the overall parameters so type'O'.

Enter overall parameter to be edited (<?>, AB CEHL QP S X >

For the case of powder datathere are several classes of overall parameters and the options
listed in this menu cover each of these. Type'?' to seethe help listing.

Overal |l paraneters editing options:

<?> - Type this help listing

A - Absorption coefficients

B - Background coefficients

C - Diffractometer constants

E - Extinction paraneters

H - Hstogramscale factors

L - Lattice paraneters

O - Preferred orientation paraneters

P - Profile coefficients

S - Phase and el enent fractions

X Exit fromediting overall paraneters
Ent er overall paraneter to be edited (<?>, ABCEHL QP S X >

Asyou can see each kind of overall parameter has its own editing option. Becausethisis
thefirst editing session for least squares preparation, EXPEDT has set reasonable defaults
for each of the overall parameters. Y ou have aready seen the set of profile coefficients for
the second histogram; these were taken from the instrument parameter file
'INSTPARM.TOF'. Other values are set to 1.0 or 0.0 as appropriate. Each overall
parameter has its own refinement flag; these are set from within each editing option.
EXPEDT has by default set the flags for the scale factors, one for each histogram, and the
background coefficients, four per histogram. Y ou are now going to look at the background
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and scales editing options to see how they work. Type'B' to invoke the background
editing option.

Editing of background paraneters

H st ogr am no. 1 Bank no. 2 Two-theta = 88. 05

Title: N CKEL POADER STANDARD, ROCOM TEMP 22:32:50 9/ 8/1984
H stogramw || be used in |east-squares

Power series in Q@*2n/n! function (#4)

Background par anet ers:

Refinenent flag =Y Danping flag = 0 Full background (Y)

0. 100000E+01 0. O0O0O000E+00 0. O0O0000E+00 0. 000000E+00
G ve background paraneter edit coomand (<?>,B_CDF GHKL NV,X >

EXPEDT displays the background information for the first histogram along with itstitle
and characteristic data. Notice that the 'Refinement flag' equals 'Y"; this means that these
background coefficients will be refined by the least squares program. Also notice that four
values are shown, 1.00000 and three zeros. These are the default values chosen by
EXPEDT; they can be changed if desired. The GSAS system permits use of up to 36
background coefficients but it is best to start with four and see if more are needed | ater.
Type'?' to seethe help listing.

Background edit conmands:
<?> - Type this help listing

B - Mdify the full background refinenent flag
C - Alows changes to the nunber of background ternms and their val ues
Dn - Enter refinenent danping factor " (n=0to 9

The applied shift is (10-n)*10% of the computed shift, n =0 for full shift
Fi x specific background paraneters

d obal setting of refinement flags

Sel ect hi stogram"nf

- Set constraints for background coeff. "b"

Li sts the background paraneters and refinenent flag

- Sel ect next powder histogram

- Toggl e background refinenent flag

Exit to overall parameter menu

Qve background paraneter edit command (<?> B,CDF,GHKLNV,X >

T3

X<ZC-XIOT

Asyou can see each of these options covers a specific kind of operation to be performed on
the background parameters. Notice that there are two options for switching histograms,
'H' and'N'. Thelatter oneis most convenient because it smply stepsto the next
histogram. Since everything is correct for the first histogram, type'N' to move to
histogram 2.
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H st ogr am no. 2 Bank no. 3 Two-theta =  148.29

Title: N CKEL POADER STANDARD, ROOM TEMP 22:32:50 9/ 8/1984
H stogramwi || be used in |east-squares

Power series in Q@*2n/n! function (#4)

Background par anet ers:

Refinenent flag =Y Danping flag = 0 Full background (Y)

0. 100000E+01 0. O00000E+00 0. 000000E+00 0. 000000E+00
G ve background paraneter edit conmand (<?>,B_.CDF GHKL NV,X >

The same kind of information is displayed for the second histogram; again the refinement
flag is set and there are four coefficients for the background function. Thisisalso
satisfactory; type' X' to return to the overall parameter editing menu.

Enter overall paraneter to be edited (<?> AB CEHL QP S X >

Y ou now want to examine the scale factors for the two histograms so type'H'.

Editing hi stogramscal e factors

H st ogram no. 1 Bank no. 2 Two-theta = 88. 05
Title: N CKEL POADER STANDARD, ROCM TEMP 22:32:50 9/ 8/1984
H stogramwi || be used in |east-squares

H sto. scale = 1. 0000 Refine Y Danping flag = O
H stogramscale editing options - (<?>CD GHKL,NV,X >

In very much the same form that was used for the background parameters, EXPEDT
displays the scale factor for the first histogram. By default the scale is set to 1.000 and the
refinement flag isset. Type'?' to seethe help listing.

H st ogram scal e editing options

<?> - Type this help listing

- Change hi stogram scal e

- Change the histo. scal e danping factor

- Qobal setting of refinenent flags

Sel ect new hi stogram"nt

Set histo. scale constraints

- List the current histo. scale and refinement flag
- Sel ect next histogram

- Toggl e refinenment flag

Exit to overall paraneter editing menu
Hstogramscale editing options - (<?> CDGHKLNV,X >

X<ZCXIOOO
3

The options are similar to those for background. Since the scale factor datafor the first
histogram is correct, step to the second by typing'N'.
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H st ogr am no. 2 Bank no. 3 Two-theta =  148.29
Title: N CKEL POADER STANDARD, ROOM TEMP 22:32:50 9/ 8/1984
H stogramwi || be used in |east-squares

H sto. scale = 1. 0000 Refine Y Danping flag = 0
H stogramscal e editing options - (<?>,CD GHKL,NV,X >

Asfor thefirst histogram, the default scaleis 1.000 and the refinement flag isset. Thisis
also correct so type' X' to return back to the overall parameter menu.

Enter overall paraneter to be edited (<?> AB CEHL QP S X >

There are no other overall parameters that need to be examined at thistime so type' X' to
return to the main least squares menu.

Select editing option for Least Squares calculation (<?> ABFLQRST,X >

Y ou have successfully completed the editing for thisfirst least squares refinement so type
X" to return to the main EXPEDT menu.

EXPEDT data setup option (<?> D F, KL P, QRS X >

Thereis no other datato be setup so type' X' to exit EXPEDT; the GSAS prompt will
then appear.

EXPEDT term nated successfully
The experinent is NCKEL creation date = 20-JUN- 1994 10: 14: 52. 14
M ST: : GSAS Command? >

Refinement of Powder Data - Program GENLES

The next step isto run GENL ES and refine the selected parameters for the 'NICKEL'
problem, namely the two scale factors and eight background parameters. GENLES s
usually run as abatch job; to start it simply type' GENLES' after the GSAS prompt. In
VMS GSAS will then inquire which queue you want to runiit in.

Submit GENLES to whi ch QUEUE? (<CNLI NE>, SLOW SHORT, FAST, OTHER LI ST, ?) >

Although the "online" option is also available for GENL ES, we will assume that you have
chosen a batch queue. GSAS will then inquire whether you want alog file.
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Do you want the log file for GENLES? (Y, <N>, K ?) >

All batch jobsin GSAS can produce alog file with the name
'EXPERIMENT$PROGRAM.LOG'. Thisfileisretained in the directory containing the
experiment file; i.e. it isnot printed by the system. It isalso possibleto list it using the
utility routine' TLOG' while the job is running so that the progress of the job can be
monitored. Some GSAS batch programs write significant information, warning and error
messages into the log file and can thus be examined before the job is completed. To seethe
help listing type'?

GG file menu:

Y = Ceate alog file, purging all old LOGfiles for this experiment
N = No LOGfile, no purge of old LOGfiles

K = Oeate a new LOGfile and KEEP all existing LOG fil es

Do you want the log file for GENLES? (Y, <N> K ?) >

The options here will determine what will happen to the log file for thisrun and all previous
log files for this experiment. Enter an appropriate option.

Job N CKEL_CGENLES (queue SYSSMED, entry 266) started on SYSSMED
The experinent is NCKEL creation date = 20-JUN 1994 10: 14: 52. 14

Job NI OKEL_GENLES (queue SYS$MED, entry 266) conpl et ed

M ST: : GSAS Conmand? >

A batch job will be submitted with the name 'NICKEL_GENLES.

For aUNIX version of GSAS the choice will be between running GENLES in
foreground or background. Aswas the case for POWPREF above, GENL ES will give
brief messages showing its progress. These will appear on the terminal for foreground
running or on the log file 'NICKEL.LOG' for background running.

The running time for this job will be afew seconds to 5 minutes depending on your
system; turnaround time will be alittle longer. AswithPOWPREF, wait for GENLES
to finish before continuing on with the training exercise. GENL ES will append its output
to the listing file 'NICKEL.LST" which also contains al line printer output from
POWPREF. When GENL ES completes you can print NICKEL.LST or examineit on
your terminal with the GSAS utilitiesEL ST or TLST. Thislisting is 132 characters wide
S0 set your terminal accordingly.

Plotting of Results - Program POWPLOT
I ntroduction
Y ou now will want to examine the results of your first least squares refinement by plotting

the observed and calculated powder pattern intensities for the two histograms and examine
the differences. Thisis done with program POWPLOT.
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Running POWPLOT

Run POWPLOT from the GSAS command level by typing 'POWPLOT'. The program
will display a copyright message and prompt for aletter identifying the kind of terminal you
are working on.

|
| Program POAPLOT Versi on 6. 53 |
| Powder pattern plotting program
| Distributed on TEST Vers. 20-JUN 1994 |

[ Allen C Larson and Robert B. Von Dreele

[ Manuel Lujan, Jr. Neutron Scattering Center, Ms-HB05
[ Los Al anos National Laboratory, Los A amps, NM 87545
|
I

Copyright, 1994, The Regents of the University of California.

The last history record is :
HSTRY 4 (ENLES V-6.48 20-JUN-94 10: 18: 33 Sdsg= 0. 688E+05 S E= 0. 804E- 05
Enter termnal type (<?> ABCDEFGHZ >

Enter the letter that describes your terminal and respond'N' to the hardcopy question. The
main menu will be displayed.

Experinent title:
N ckel Powder Refinenent
Enter command (<?> B, CDHI,LMNQOQPRST X >

Select the first histogram by entering'N' or 'H  1'.

The sel ected histogramis:

H st ogr am no. 1 Bank no. 2 Two-theta = 88. 05

Title: N CKEL POADER STANDARD, ROOM TEMP 22:32:50 9/ 8/1984
H stogramwi || be used in |east-squares

Readi ng hi stogram - pl ease wait

Enter command (<?> B CDHI,LMNQPRST X >

Y ou want to plot the first histogram, display the reflection markers and show the difference
curve. You aso want the X-axisto show TOF. All of the relevant commands can be
entered ononelinesotype'M D T P'. Spacesor commas must separate each entry.
Immediately before the plot appears, afew lines will appear as the various toggles are set.
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Ni ckel Powder Refinenent

Bank 2, 2-Theta 88.1, L-S cycle
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The observed powder pattern intensities are displayed as crosses with the calculated values
drawn asacurve. Thereflection positions are marked; these are the same as determined by
POWPREF. The difference curve (Io-I¢) is displayed near the bottom of the graph with a
zero line. The same scaleisused for al three sets of plotted values. Clearly thereis some
remaining residual differences between the two curves, the most obviousisamismatchin
the background at short TOF, and probably additional terms are needed for the background
function. To seewhat other characteristics there are in the differences, you will want to
look at asmall region of the plot. Type'CR' if needed to continue; the following line will
appear below the plot:

Gve X-nn and X-max for next plot
(default plot="0 0" & <CR> for no plot) >

Tolook at the region from 3-4 msec with autoscaling type'3 4 A'. The new plot will be
drawn and should look like:
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Ni ckel Powder Refinenent

Bank 2, 2-Theta 88.1, L-S cycle 3 (bsd. and Diff. Profiles
T T T T T T T T T T T

+

o
o~

X10E 4
5

1.

1.0

0.5
I

0.0
T
1

Count s/ nusec.

20-JUN-94 10: 19: 48

Asyou can seethereisafairly good match between lp and I¢c. The only difference hereis

adight intensity mismatch for each reflection. Type'CR' if needed to continue; again you
will have the option to view aportion of the initia plot range.

Gve X-nn and X-nax for next plot
(default plot="0 0" & <CR> for no plot) >

Respond thistime with'CR'.

Do you wish to see error analysis (Y/ <N>)? >

If thereis aset of calculated values for the histogram, you have the option of viewing a
series of graphs that depict the distribution of differences (Io-1¢) with, in this case, TOF and
compare them with anormal distribution. Thisis normally only useful when thefit isvery
close so respond 'N' thistime; we will cover this option for the second histogram.

Enter command (<?> B, CDHI,LMNQOQPRST X >

Y ou are now back to the POWPLOT main menu and you want to look at the second
histogram. Type'H 2' or'N'; thetitle and status of the second histogram will be
displayed.




Page 58 GSAS TRAINING MANUAL 9/2/94

The sel ected histogramis:

H st ogram no. 2 Bank no. 3 Two-theta =  148.29

Title: N CKEL POADER STANDARD, ROOM TEMP 22:32:50 9/ 8/1984
H stogramw || be used in |east-squares

Readi ng hi stogram - pl ease wait

Enter command (<?> B, CDHI,LMNQOQPRST X >

The same set of toggles used for the first histogram are still in force; to plot this histogram
type'P'. The plot will immediately follow.

Ni ckel Powder Refinenent
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In this case the overall fit is much better and the difference curveis much flatter. Asbefore
the blinking cursor indicates the plot is finished; type'CR' if needed to continue. The
following line will appear below the plot:

Gve X-nin and X-max for next plot
(default plot="0 0" & <CR> for no plot) >

To look at the powder pattern in the region from 3-4 msec with auto scaling type'3 4 A'.
The new plot will then be drawn and should look like:
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Ni ckel Powder Refinement
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Again the blinking cursor indicates that the plot isfinished. The mgjor featurein this
difference curveis abroad peak at ~3.45 msec; thisisthe (111) reflection offset by one
TOF frame. Type'CR' if needed to continue.

GAve X-nn and X-max for next plot
(default plot="0 0" & <CR> for no plot) >

Respond with 'CR'.

Do you wish to see error analysis (Y <N>)? >

In this case thefit is very good and it is worthwhile doing the error analysis. Type'Y', the
plot of (Io-1c)/a(lp) verses TOF will immediately follow.
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Ni ckel Powder Refinenent
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Shown here are the values of (lo-1¢) divided by o(lo) plotted against TOF. The most
striking feature again is the broad peak at ~3.5 msec; thisis the (111) reflection from nickel
offset by one TOF frame. Close examination of various regions of this plot can revea the
nature of any other systematicsin the differences scaled by esd's. Also notice that the
reflection positions are marked; this is because the reflection marker toggle was set for the
previous plot. The blinking cursor indicates that the plot isfinished. Type'CR' if needed
to continue.

GAve X-nn and X-max for next plot
(default plot="0 0" & <CR> for no plot) >

Y ou have the opportunity to examine various regions of this plot; to continue the training
exercisetype'CR'. Thenext plot isthe 'normal probability plot' for this histogram.
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Ni ckel Powder Refinenent
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Asyou can seethis plot gives anearly straight line, excepting the extreme positive end,
indicating that the 1o-1¢ values are for the most part normally distributed. The strong
deviation at the high end is from the (111) reflection problem (see Section 4.3 of
International Tablesfor Crystallography, Vol IV for amore complete discussion of normal
probability plots). Type'CR' if needed to continue.

GAve X-nn and X-max for next plot
(default plot="0 0" & <CR> for no plot) >

Y ou may wish to examine parts of thisplot but it is rarely necessary; type' CR' to continue.

Range of expected deltas to be used for slope/intercept calculation: -2.00 2.00
New val ues ?(/ to accept) >

The program will next compute the slope and intercept for the distribution. The range from
-2.0t0 2.0 in expected Alo generally covers the most linear part of the distribution and
gives the most useful values; type'/'.

The slope & intercept of the normal probability plot are 2.1125 0.0142
Enter command (<?>,B,CDHI,LLMNQPRSTX >

The high value for the lopeis characteristic of an incomplete refinement; as more
parameters are refined and a better fit is obtained this value will approach 1.0. The nearly
zero intercept indicates that the normal distribution is properly centered about zero. The
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main POWPLOT prompt appears immediately even though the plot remains on the
screen. You are all donesotype'X'. POWPLOT will terminate and the GSAS prompt
will appear.

Suggestions for Further Work on ‘NICKEL'

From your examination of the fits for the two powder patterns and the error analyses, you
can see that further refinement of the nickel data can improve the results. We suggest that
you add more parameters to the |east squares refinement as well as try some of the other
optionsin GSAS. Thefirst step in continuing the refinement isto usesEXPEDT to make
the appropriate changes to the experiment file. Enter' EXPEDT' at the GSAS prompt.
After the copyright message there will be a history record displayed.

Program EXPEDT Ver si on 6. 50 |
| Anenu driven routine to edit .EXP files |
| Distributed on TEST Vers. 20-JUN 1994 [

[ Allen C Larson and Robert B. Von Dreele

| Manuel Lujan, Jr. Neutron Scattering Center, M5 H305
[ Los Al anbs National Laboratory, Los Al anbs, NM 87545
I
|

Copyright, 1994, The Regents of the University of California.

The last history record is :
HSTRY 4 GENLES V-6.48  20-JUN-94 10: 18: 33 Sdsq= 0. 688E+05 S E= 0. 804E- 05
Is this the file you wish to use? (<?>,DKNQRY) >

GENLES creates anew version of the experiment file which contains the new least
sguares results. The history record gives a brief summary of the results of the last cycle of
least squares along with the date and time that it finished. Because the last least squares
gave satisfactory resultstype'Y"; the latest version will be updated. EXPEDT copiesthe
experiment file and then gives the title and asks what kind of data preparation you desire.

Experinent title:
N ckel Powder Refinenent
The last history record is :
HSTRY 4 GENLES V-6.48  20-JUN-94 10: 18: 33 Sdsq= 0. 688E+05 S E= 0. 804E- 05
EXPEDT data setup option (<?> D F, KL P, QRS X >

Since you are continuing on with more least squares refinement, type'L" to continue. Now
that you have some familiarity with the operation of EXPEDT, you should be able to find
your way around the menus quite easily. Usethe'?' response to see the help listing if you
get lost. Asalast resort the exit from any menuis'X'. If you make a mess of your
experiment file, the' Q' option in this menu allows you to delete it and, in effect, quit
without making any changes.

To further refine the nickel data and improve the fit, you should try adding the following
types of parameters to the least squares in the following order.




9/2/94 GSAS TRAINING MANUAL Page 63

Background Coefficients

As noted above the first histogram had a poor fit to the background at low TOF's. Thus
more background coefficients than 4 are required for a satisfactory fit. We suggest that you
add 1 or 2 more for this histogram. The second histogram seems satisfactory but as the fit
from adding other parameters improves it may be necessary to add more coefficients here
also. You have aready been to the background editing menu; it'sin the overall parameters
menu.

Zero

Thereisazero point correction for each histogram, the editing of these is reached by
responding 'C' in the overall parameters menu.

Atom Parameters

For nickel only the isotropic temperature factor can be refined; the setting of the atom
refinement flags is reached from the atom editing menu.

Profile Coefficients

The setting of profile coefficient refinement flagsis done from the profile editing menu
which is reached from the overall parameters menu. Y ou may want to try refining just the
'sig’ parametersfirst; they are profile coefficients 5-7. Don't forget that thereis a set for
each histogram.

Other Parameters

The other parameters that may be refined for the nickel example include the absorption and
extinction factors and the lattice parameters. We encourage you to try al of these
parameters to get afeel for the sengitivity of the refinement to each of them as well as see
how they are edited with EXPEDT.
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Refinement of Yttrium Iron Garnet

In this training exercise you will refine the structure of a yttrium iron garnet using constant
wavelength neutron data. The structureis cubic with four different atomic sites two of
which are occupied by both iron and aluminum. The data was taken on the D1a powder
diffractometer at the iLL, Grenoble, France using 1.909A wavelength neutrons. It is
presumed that you have already done the nickel powder example and are familiar with
many of the facilitiesin GSAS; hence this exercise will only briefly cover those parts. In
other parts of this exercise you will be introduced to new features of GSAS; and the
manual will be more explicit at those points.

Powder Data Setup and Atom Data Entry

The procedure for preparing constant wavel ength powder datais essentially identical to that
for TOF dataas given in the nickel exercise. After entering theGSAS command and
naming the experiment ( GARNET' would be a suitable name) type'EXPEDT' to start
data preparation. Again the powder data preparation option'P" is used to introduce new
datato the system. The space group for thisgarnetis'l a 3 d' andthe cubic lattice
parameter isca. '12.19'. The unit cell contains 24 Y atoms, 16.33 Fe atoms, 23.67 Al
atoms and 96 O atoms. Thisinformation can be entered into GSAS through the phase
editing menu. Enter'F C' for inserting the chemical formulafrom the phase editing menu.
The raw data can be found in the file'GSAS_ EXERCISES:GARNET.RAW'" (or
'Jusr/gsas/gsas_exer cises: GARNET.RAW' for UNIX) and the instrument fileis

'GSAS EXERCISES.INSTPARM.D1A' (or

'fusr/gsas/gsas_exer cises/INSTPARM.D1A' for UNIX). Thereisonly one histogram
corresponding to a scan from 20° to nearly 160° 29. The scan number for this histogram is
'1' and the corresponding instrument parameter setisalso'1l'. A plot of the entire
histogram is shown below.
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The minimum d-spacing sets the upper 20 limit for the calculations and is required before
you can exit the histogram editing menu. The 20 value for end of the scan is noted in the
abovefigure. Itisprobably easier to set it withthe'T' option and give a maximum 20 of
'159" which isjust beyond the end of the data.

Asthiswas the only histogram to be read you should exit each menu until you reach the
EXPEDT data setup menu.

EXPEDT data setup option (<?> D F, KL P, RS X >

At this point you can continue your editing session by entering'L" to start editing of least
squares data. As before you will need to enter some atoms, check the least squares
controls and perhaps examine the defaults for the other parameters. The atoms you will
need to enter are:

SER TYPE X Y z FRAC  NAME u SO OCCDE STSYM MAT FXU
1y 0. 12500 0. 00000 0.25000 1.00000 Y(1) 0. 01000 | 222(100) 24 000
2 FE 0.00000 0.00000 0.00000 O.60000 FE(2) 0. 01000 | -3(111) 16 000
3 AL 0.00000 0.00000 0.00000 0.40000 AL(3) 0. 01000 | -3(111) 16 000
4 AL 0.37500 0.00000 0.25000 0.75000 AL(4) 0. 01000 | -4(100) 24 000
5 FE 0.37500 0.00000 0.25000 0.25000 FE(5) 0. 01000 | -4(100) 24 000
6 O -0.03000 0.05000 0.15000 1.00000 Q(6) 0. 01000 | 1 96 000

Thislisting is obtained by entering'L" after you have entered al the atoms for this example.
The values of Ujgy are areasonable guess for this material and the values of FRAC for
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atoms 2-5 are al so reasonabl e guesses for the distribution of iron and aluminum between
the two sites. The full atom editing menu is shown below.

Gve atomediting coommand (<?>,$,CDEF I, KLMSTUVX+-,*/) >

Because there are atoms that occupy the same site, their atom parameters must be
constrained to shift together during least squares refinement. In this case the two sets of
atom locations are fixed by symmetry so constraints need only be applied to the thermal
parameters and the atom fractions. These constraints are not needed for the initial least
sguares refinements, but they will be needed for later stages of the refinement and it is
convenient to enter them now while you are thinking about them. Enter'K' to edit atom
constraints.

Editing atonic constraints:
Enter atomparamneter |inear constraint editing command (<?> D 1,L, X) >

Y ou will need to enter four sets of constraints, two for U;sg and two for FRAC on each of
thetwo sites. First enter those for Ujg; enter '1' to insert the first one.

Phase no., var_nane, atomno. & coeff.?(<CR>to termnate) >

Enter 'l UISO 2 1 forthefirsttermand'l UISO 3 1' for the second. Then enter
'CR' to complete the first constraint. Thiswill define Uig for atoms 2 and 3 as one
variablein GENLES. Inasimilar fashion enter the constraint on U;, for atoms 4 and 5;
thiswill make Ujg for these atoms another single variable in GENLES.

The constraints on FRAC for these atoms are set so that both sites remain full regardless
how the individua values of FRAC change. For example, if FRAC for atom 2 increases
the constraint should make FRAC for atom 3 decrease by an identical anount. The same
idea appliesto the values of FRAC for atoms4 and 5. Enter'l’ for thefirst one.

Phase no., var_nane, atomno. & coeff.?(<CR>to termnate) >

Enter'l FRAC 2 1'followedby'l FRAC 3 -1'anda'CR' forthefirst FRAC
congtraint. This meansthat FRAC for atom 3 will decreaseif FRAC for atom 2 increases
and visa-versa. Inasimilar fashion enter a constraint on FRAC for atoms 4 and 5;
remember to change the sign of the coefficient for the second term. When you are done
there should be four constraints for the two pairs of atoms. Enter'L" to list them.
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Li near atom c constraint no. 1
Phase, parm,atomcoeff. = 1 USO 2 1. 0000
Phase, parm,atomcoeff. = 1 USO 3 1. 0000

Li near atom c constraint no.
Phase, parm, at om coef f . 1
Phase, parm , at om coef f. 1
Li near atom c constraint no.
Phase, parm, at om coef f . 1
Phase, parm , at om coef f. 1
Li near atom c constraint no.
Phase, parm,atomcoeff. = 1 FRAC 4 1. 0000

Phase, parm,atomcoeff. = 1 FRAC 5 -1.0000

Enter atomparameter |inear constraint editing command (<?> D 1,L, X) >

4 1. 0000
5 1. 0000

2
U SO
U SO

3
FRAC 2 1. 0000
FRAC 3 -1.0000
4

Enter'X X X'toreturntothe main EXPEDT menu. You may now exit from
EXPEDT by entering ' X'.

Powder Data Preparation and Refinement

Y ou are now ready to run two batch jobs. The first will runPOWPREF and the second
will run GENLES. These may be submitted individually but POWPREF must finish
before you submit GENLES. Alternatively, on aVMS system you may submit them both
to be run sequentialy by entering' POWPREF GENLES' at the GSAS command
prompt. You will be asked apair of questions about each of the two batch jobs to be run.
By this means a set of up to seven batch jobs may be submitted and the list can have
duplicate programs. Thisoption is not available on the UNIX versions of GSAS. After
both jobs finish use POWPL OT to look at the results of the refinement.

Garnet Powder Data Refinenent

Lanmbda 1.9090 A, L-S cycle 2 Obsd. and Diff. Profiles
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Asyou can seethefit at thispoint is quite poor and more parameters need to be varied
before the fit will improve. Close examination of the difference curve indicates that alot of
the error arises from lattice parameter and zero point. Thelist output shows that while the
refinement converged rapidly, the residuals are quite high (~32%). Y ou should set the
appropriate refinement flags (zero and | attice parameters) for the next least squares run.
Because the previous least squares did not modify the peak positions, it is not necessary to
rerun POWPREF before the next run of GENLES.

After refinement of the lattice parameter and zero point to convergence, the residuals are
9-10% and thefit to the pattern is considerably improved.

Garnet Powder Data Refinenent

Lanbda 1.9090 A, L-S cycle 5 Cbsd. and Diff. Profiles
T T T T T T

X10E 3
0

Count s
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|
0

20- JUN-94 10: 35: 57

Examination of thefit seemsto indicate that the mgor differences are related to structural
details and profile shapes. Notice that severa peaks have the wrong calculated intensity;
thisindicates a structural problem. In thiscaseit is probably a combination of positional
errors for the oxygen atom, atom fractions for the iron/aluminum sites and thermal
parametersfor all atoms. We suggest that you refine all these first; you should also
increase the maximum number of L-S cyclesto five. The atom constraints which were
entered earlier are needed here to control the refinement of the atom fractions and thermal
parameters for the Fe/Al atoms. The other major difference is that the peak shapesarein
error; especialy at the ends of the pattern. Refinement of the profile coefficients will be
necessary; this should be done after the atom refinement has converged. In this case you
need to run both POWPREF and GENL ES because the previous refinement moved the
peak positions relative to the pattern.

After refinement of the atomic parameters the residuals are much lower (5-7%) and the
profilefit is much better.
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Garnet Powder Data Refinenent
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Asyou can see al the peak intensity errors have disappeared leaving only the peak shape
errors at the ends of the pattern. Now refine the first four (U, V, W and asym) peak shape
coefficients. You will also want to increase the number of background coefficients to six.
Again run both POWPREF and GENLES. After thisrefinement has converged the
profile should look like the next plot.
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Garnet Powder Data Refinenent

Lanbda 1.9090 A, L-S cycle 14 Qbsd. and Diff. Profiles
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Clearly there are no longer any magjor differences between the observed and calculated
profiles; the residuals are 3-5%. An exception isthe large peak at ~150°; the remaining
residual is probably due to an incomplete peak shape model. Thisis suggested by the
shape of the difference curve. You may add additional parameters for anisotropic thermal
motion and more background and profile coefficients; the improvement will be dight. If
you do decide to refine the anisotropic thermal parameters for the Fe/Al sites, the
constraints will have to be changed to include those for each yj on each site. For thefina
refinement, you should rerun POWPREF before the final run of GENLES. This assures
that the peak positions and widths are correctly calculated.

Fourier Setup and Calculations

Before a Fourier calculation can be performed from powder data, a set of "observed"
structure factors must be available. Thisisdonein GSAS by the least squares program
GENLES by dividing up the observed profile intensity above background among the
contributing reflections according to their calculated intensity. Thus the "observed"
structure factors are biased by the model used in the least squares. Nonetheless, these
structure factors can contain sufficient information to find, for example, atoms that are
missing from the structure. The appropriate option is set from the least squares controls
menu in EXPEDT.

Maxi mum nunber of cycles is 5
Enter L-S control editing option (<?> CEL,P, X >

Enter 'E' to select the Fg extraction option. Asthisis selectable for individual histograms,
EXPEDT requests the histogram number you wish to extract Fg's from.
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Ent er hi st ogram nunber >

Enter '1' to select the histogram in the garnet example; the default extraction information for
that histogram is presented next.

New hi st ogram sel ect ed

H st ogr am no. 1 Bank no. 1 Lanbda = 1.90900
Title: YSFE2(ALOY)3 RT 1.909

H stogramwi || be used in |east-squares

Fo's will not be extracted fromthis histogram
Experi nent phase fl ags: 1 0 0 0 0

H stogram Fo extraction flags : 0 0 0 0 0 0 0 0 0
0 for nornal 1 for LeBail nethod

Fo extraction flag editing options - (<?> CEHL,NX >

There are two techniques available in GSAS for the extraction of Fg's from powder data.
The "normal™ method apportions the observed Bragg intensity above background according
to the portion of the total calculated intensity contributed by each reflection to give a set of
"observed" structure factors with phases. Thus, the extraction is biased by the calcul ated
structure factors and hence the structure model. Nonetheless, there is sufficient
information in the extracted Fqg's so that meaningful difference Fourier maps can be
produced to locate missing atoms, etc. The "le Bail" method begins with a set of calculated
structure factors based on a partial or dummy structure to obtain aninitial set of Fy's. On
subsequent |east-squares cycles the set of Fg's extracted from one cycle are used as the
Fc'sfor the next. Inthisway aset of Fg magnitudes (i.e. no phases) can be obtained even
in the absence of a structural model. They can be used to produce Patterson maps or
passed on to a direct methods package (SHELX, MULTAN, etc.) for structure solution.
The le Bail method can also be used to fit sets of reflections from second phases, sample
holders, chambers or other sources that appear as unwanted additions to the pattern. Thus,
the extraction method can be selected individually for each phase. The default flags are set
so that no extraction will occur and that "normal” is the default method. Enter CR' to see
the help listing.

H st ogram phase flag editing options

<?> - Type this help listing

- Change Fo extraction method flags

E - Toggle main Fo extraction flag

H m- Select new histogram"n

L - List the current Fo extraction flags
N - Select next histogram
X
0

@]

- Exit to least squares control editing nmenu

Fo extraction flag editing options - (<?> CEHL,NX >

Select option 'E' to set calculation of observed structure factors by the "norma” method.
This option increases the computation time for acycle of least squares by 10-20%, thusit
should be only used when needed. A message will appear indicating that extraction isto be
done.



9/2/94 GSAS TRAINING MANUAL Page 73

Fo's will be extracted fromthis histogram
Fo extraction flag editing options - (<?> CEHL,NX >

Y ou are now done setting the extraction flag so enter' X' to return back to the least squares
controls menu. You may also wish to set the number of cycles (C' option) to zero to
reduce the computation time; the structure factor and profile calculations will be made but
no least squares matrix will be generated. Now return to the mainEXPEDT menu.

EXPEDT data setup option (<?>, D F, KL P,RS X >

The next step isto set the Fourier controls; thisisamanEXPEDT option. Enter 'F' to
select this option.

Enter desired map (<?>, DELF, FCLC FCBS, PTSN DPTS, EXIT) >

The available Fourier calculations include Patterson (PTSN'), difference Patterson
(‘'DPTYS)', observed Fourier (FOBS'), difference Fourier ('DELF') and calculated
Fourier (FCLC') maps. Thefirst two can be calculated from le Bail extracted intensities;
the others require Fo values extracted by the "normal” method. We want you to calculate
an observed Fourier map for the garnet so enter 'FOBS'.

Enter section desired (X Y,2) >

Y ou are now requested to indicate the axisthat is to vary from section to section in the
Fourier calculation. Inthe case of garnet, which is cubic, thereis no preferred direction so
enter 'X'. If you anticipate that there will be fewer pointsto be calculated along a particular
axis then choose that axis; the calculation will use less computer time than the other
choices.

Do you wi sh to specify individual map steps for each axis (Y/ <N>)? >

Generally, the grid size for a Fourier map should be the same aong the three axes; only in
special cases might you need different size steps. Respond with'CR' to select asingle grid
Size.

Qurrent overall map step size is 0.2000 A
Enter new overall nap step size in Angstrons >

Thisis areasonable map step size so enter '/*. This choice ensures that the contouring
routines FORPLOT and PLOTTER will draw sensible contours without consuming too
much computer time. The next listing shows the chosen step size and number of steps for




Page 74 GSAS TRAINING MANUAL 9/2/94

each cell edge. The step sizes are adjusted so that specia sections (1/4, 1/3, 1/2 etc.) are
explicitly included according to the cell symmetry.

The a-axis is 12.188955 A
The new del -x is 0.2031 A
The cell will be divided into 60 points al ong x

The b-axis is 12.188955 A

The new del -y is 0.2031 A

The cell will be divided into 60 points along y

The c-axis is 12.188955 A

The new del -z is 0.2031 A

The cell will be divided into 60 points along z

ddx limts are 0.0000 to 0.0000

Enter nmini mum and naxi mumval ues of x in fractions of the cell edge >

The next step isto set the axes limits for the Fourier calculation. The old x limits are clearly
wrong. Reference to "International Tablesfor Crystallography, Vol. A" suggests that the
[imits on the x-axis for this space group are-1/8to 1/8. Enter'-1/8 1/8'.

New x limts are -0.1250 to 0.1250
Addy linmts are 0.0000 to 0.0000
Enter mini numand nmaxi numvalues of y in fractions of the cell edge >

The new limitsfor x are shown; they are set to be on agrid point. Aswasfor x theoldy
limits are wrong; the suggested rangeisaso -1/8to 1/8. Enter'-1/8 1/8'.

Newy limts are -0.1250 to 0.1250
ddz limts are 0.0000 to 0.0000
Enter mi ni mumand naxi numvalues of z in fractions of the cell edge >

The new limitsfor y are shown; again they are on agrid point. The z limits should be 0 to
V4. Enter'0 1/4'.

New z limts are 0.0000 to 0.2500

At least one asymmetric part of the unit cell is included in the Fourier.
Enter new list of histogramnunbers in the order you wish themto be read.
The last occurrence of a reflection will be used.

I nclude histogram (O to termnate list) >

The new z limits are shown. The message indicates that the volume you have selected
contains at least a complete unique part of the unit cell. Next you have to indicate which
histograms contribute reflections to the calculation. In case of duplicate reflections between
histograms, the last one found will be used in the Fourier calculation. Thus the numerical
order of the histograms entered here may be important. For this example there is only one
histogram soenter '1 0" to include it and terminate the list.

Enter FOUR ER map calcul ation option (<?>,ADEFHI,LLMPRS T WX >
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Thisisthe main Fourier control menu; enter'CR' to see the help listing.

The FOUR ER control data edit options are

<?> - Type this help listing

- Add another map to the set to be cal cul ated

- Change minimumreflection Dspacing for this phase
- Erase a map fromthe set to be cal cul ated

- Edit phase conposition

- Select histograms to include in the nap

- Enter new map intervals

- List the current controls

Sel ect nap type to be conputed

- Sel ect phase (only one can be processed by FOUR ER
- Enter newunit cell limts for the nmap

- Change the sections control

- Change the experiment title

- Change the map listing options

- Exit to EXPEDT nain menu

Enter FOUR ER map cal culation option (<?> ADEFHI,LLMP RS T, WX >

Xs—H0WIVUVErTITMO>»

All of the items you have just entered can be now edited separately from this menu. Enter
'L" tolist the current settings.

Qurrent Fourier map options for phase 1 are:
Cal cul ate a FOBS map
Do not generate a map listing
Cal cul ate sections at constant X
Dvide the cell into 60 points al ong x
The x interval is 0.2031 A
The range is -0.1250 to 0.1250
Dvide the cell into 60 points along y
The y interval is 0.2031 A
The range is -0.1250 to 0.1250
Dvide the cell into 60 points along z
The z interval is 0.2031 A
The range is 0.0000 to 0.2500
At | east one asymmetric part of the unit cell is included in the Fourier.
There are 1 histograns
The histogramtype flags are
1 PNC
1 of themare to be used
The ones to be used are:
1
FOO0 is 98.071
Enter FOUR ER map cal culation option (<?> ADEFHI,LLMP RS T, WX >

You are al finished with EXPEDT so return to the main GSAS prompt by entering' X' a
sufficient number times.

The next section of this manual describes the map display programFORPL OT but first
you need to extract structure factors and calculate the Fourier. At theGSAS prompt on a
VMS system enter "GENLES FOURIER' and respond to the two pairs of batch job
guestions. Both runs are relatively short so choose the appropriate queue. Two batch jobs
will be submitted to perform the required cal culations; after they finish continue with the
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exercise. The operation is essentially the same for UNIX except that GENLES and
FOURIER are run sequentialy.

Fourier Map Display

In this section you will run the Fourier display programFORPLOT. It is capable of
displaying single slices of the density map calculated by FOURIER in any orientation and
over any range. A dliceis produced by 8 point interpolation for each point in agrid
covering the dice area to the computed map and uses symmetry operations to complete the
coverage. The plots are always square and are contoured with levels of your choosing.
The area covered by the dice islimited by computer memory and is also related to the
fineness of the grid. Successive plots may be generated by incremental displacement and
rotation from areference position. This exercise will demonstrate some of these facilities.

To start the program type' FORPLOT' at the main GSAS prompt; the following will be
displayed.

Program FCRPLOT Versi on 6. 25 |
| Oystal structure Fourier map draw ng program |
[ D stributed on TEST Vers. 20-JUN 1994 |

[ Allen C Larson and Robert B. Von Dreele |
[ Manuel Lujan, Jr. Neutron Scattering Center, M5 H305 |
[ Los Al anos National Laboratory, Los A anbs, NM 87545 |
I I
I I

Copyright, 1994, The Regents of the University of California.

Enter termnal type (<?> AB CDEFGHZ >

Asinthe earlier exerciseswith EXPEDT and POWPL OT, you need to identify the type
of graphicsterminal you are now using. Enter the appropriate letter. FORPLOT will
read the map file output by FOURIER and show you a summary of what it found as well
as the default plotting parameters.
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A FCBS file has been opened
Problemtitle: Garnet Powder Data Refinenent
Phase name: garnet
Map par anet ers:
Map X axis divided into 60 steps, from -8 and covering 17 steps
Map Y axis divided into 60 steps, from -8 and covering 17 steps
Map Z axis divided into 60 steps, from 0 and covering 16 steps
Map scaling factor 1. E+00
Rescaled rho limts from -0.59 to 3.19
There were 4624 map el enents stored
The map values range from -0.59 to 3.19 with a scaling factor of 1.E+00
5 contours will be drawn between rho = 0.00 and 3.19
with an interval of 0.53
Contours will be drawn at:
0.53 1.06 1.59 2.12 2.65
The nmap center is at 0. 00000 0.00000 0.00000
The map orientation vectors are:
U= 1.00000 0.00000 0.00000
V = 0.00000 1.00000 0.00000
Pl ot axes to crystal transfornation nmatrix:
0. 082041 0. 000000 0. 000000
0. 000000 0. 082041 0. 000000
0. 000000 0. 000000 0. 082041

Hei ght of section above center is 0.000 A

The map size - center to edge is 5.00 A

The map grid interval is 0.300 A

Enter FORPLOT command (<?>, ACDGFHI,LMNOPQRST,V >

Thefirst few lines indicate the step sizes and ranges for the Fourier calculations and show
the number of elementsin the map. The rest of the display shows the default settings.
FORPLOT has selected 5 contours which are to be drawn at equal intervals between zero
and the maximum map density. The default orientation is with the crystallographica-axis
horizontal, the b-axis up the screen and the c-axis out of the picture towards you. In this
case they are orthogonal axes. The columns of the transformation matrix indicate the
crystallographic rea space vectorsthat are horizontal, vertical and normal to the screen; in
this case 100, 010 and 001, respectively. Note that the menu is quite extensive, type'CR'
to see the help listing.
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FORPLOT commands:
<?> - Type this help listing
- Define nmap center and orientation by entering 3 or 4 atomseq. nunbers
Set map center
- Set atomlabeling limt
- Read a different Fourier map
- Set grid interval "g" in A (default = .3)
Set height "h" of section above center in A
- Select contour interval in rho "v"
- List current settings
Sel ect mnimumrho value "v" (default = 0.0)
- Sel ect nunber of contours "n" and assign their val ues
- Plot map
- Quit FORPLOT
Enter axis (x,y,or z) and angle for rotation of current draw ng
Set map size - center to edge (default = 5.0 A)
- Dsplay rho at "x,y, z"
- Set map orientation vectors "u" and "v" (Enter 6 val ues)
Map horizontal is u and normal is uxv
Enter FORPLOT command (<?>, ACDGFHI,LMNQPQRST,V >

(9]
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There are several types of commands for FORPLOT. One set controls the contours (G',
‘1", "N" and 'M"), another the map orientation and position (A', 'C','H', 'R and 'V") and
the rest provide information. To see the default plot type'P' and the contoured plot will
immediately follow.

@ @ Center of reference
0.000 0.000 0.000

Hei ght above center
0.000 A
Map size 10.000 A
Orientation matrix
u \ Uxv
0.0820 0.0000 0.0000
0.0000 0.0820 0.0000

@ 0.0000 0.0000 0.0820
Contours are drawn at
0.53 1.06 1.59
2.12 2.65
Ti mes 1
@ 2.5 0.122 0.

S
S

°© @ _

Garnet Powder Data Refinenent F
gar net 20- JUN-94 10: 44: 29

Thisisa 10 X 10A ab-section centered at 0,0,0 looking down thec-axis of the garnet cell.
The peak in the center isthefirst Fe/Al atom, the smaller peaks nearby are closeto the O
atom positions and the intermediate peaks to the right and left are Y atoms. A graphics
cursor and a menu also appears on the plot. To move the cursor push the arrow keys (or
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mouse) until it is positioned where you want. The picture in this manual has the cursor
placed on the peak with the numbers nearby. Move the cursor to that peak and type'W' to
show its crystallographic coordinates. They are printed to theright. Then type'H' to
show the dengity; it is printed to the left. The'C' option allows you to set the map center
for the next picture. To exit the cursor mode and return to the mainFORPLOT menu,
type'X'.

Enter FORPLOT command (<?>, ACDGFHI,LMNQOQP QRST,V >

The next plot we want you to try is aview with thea-axis horizontal and the 110 real axis
vertical; thiswill give aview down the real space 0-11 vector. Enter

'V 1 0 0 0 1 1;thiswill settheU and V vectors. FORPLOT will then display the
new orientation matrix.

New grid to crystal transformation matrix:
0.08204 0.00000 0.00000
0. 00000 0.05801 -0.05801
0. 00000 0.05801 0.05801
Enter FORPLOT command (<?>, ACDGFHI,LMNOPQRST,V >

We want the center of the plot to be at 0,1/2,0 and span twice the range as the previous
plot. We aso want al atoms that fall within 0.5A of the plot plane to be labeled. All these
commands can be entered on onelinesotype'C 0 /2 0 S 10 D 05 P, theplot
will immediately follow.
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Garnet Powder Data Refinenent
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Y ou may wish to explore this structure using some of the other options of FORPLOT.
There are some precedence rules for the various options that you should be aware of. The
'R' commands are cumulative, that is each rotation is applied to the previous orientation to
giveanew one. A'V' or'A' command starts a new orientation and wipes out the effect of
any previous'R' commands. The height option'H" isonly effective for the next plot to be
drawn, after the plot is made the height isreset to zero. A new set of contoursisonly
generated by the'l" and 'N' options. Changing the minimum density with the'M" option
will not generate extra contour levelsuntil an'l’ option isgiven, and'M" has no effect on
the contour levels set with the'N' option..

Distance-Angle Setup and Calculations
Thereisaset of controls for a distance/angle calculation which are set to some default

values. Inthispart of the exercise you will examine them. The editing of these controlsis
reached by the'D' option in the main EXPEDT menu.

Select editing option for D stance/angle calculation (<?>,ADPT,X >

Thisisthe distance/angle editing main menu. Here you can completely define aknown
crystal structure; both phase and atom editing options are available. Enter'?' to seethe help
listing.

The avail abl e options are:

<?> - Type this help listing

A - Edit atom paraneters

D - Edit the distance/angle routine controls

P - Edit phase data - lattice & sp. group

T - Change the experiment title

X - Return to main EXPEDT nenu

Select editing option for D stance/angle calculation (<?>,ADPT,X >

Since you are interested in distances and angles for the refined structure of yttrium-iron
garnet enter 'D' to examine the controls.

Qurrent D stance and Angle options for phase 1 are:
Cal cul ate di stances based on atomtype limts
Cal cul ate angl es based on atomtype linits

Atomtype Dst. radii Angl e radii
Y 2.00 1.80
FE 1. 47 1. 27
AL 1.60 1. 43
(0] 1.09 0. 89

Do not include any Fourier map peaks
Enter DI SAGQ control data edit option (<?> CD F L NQX >

The default setup for a distance/angle calculation is shown. The atom radii were obtained
from the atom data file and provide a reasonable starting point for upper limits for bond
distance and angle calculations. These can be changed with the'C' option. You aso have
the choice of using overall limitsfor both distance and angle calculations. This choiceis
also made with the'C' option. Enter '?' to seethe help listing.
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The DI SAG control data edit options are
<?> - Type this help listing
C - Change distance linit type and val ues
- Delete calculation of distances for this phase
F - Change the Fourier peak inclusion option
L - List the current controls
N n - Process phase "n"
O - Select a new output option
X - Exit to DSAQA editing main nenu
Enter D SAGQ control data edit option (<?> CD F L NQX >

Since the default selections for the controls are reasonable for a distance/angle calculation
enter ' X' asufficient number of timesto exit EXPEDT.

To run the distance/angle program enter 'DISAGL' at the GSAS prompt and respond to
the two batch run questions. This calculation is quite rapid so select afast batch queue.
The output will be appended to the list file and can be examined after the job compl etes.
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Single Crystal X-ray Data Exercise

As an introduction to the use of GSAS to process single crystal data, we present first a
flow diagram for the run which we want you to work through. Thisis given in the box
below.

We have prepared an exercise to acquaint
you with using GSASfor single crystal
dataanalysis. The example which we are cAD4rD |
using is oxonium hexafluoroantimonate,
(H30)*(SbFg)-. This structure has been
published in Acta Crystallographica B.
The compound is cubic and the space group
iseither 1a3 or 1213. The lattice constant is (_i_]__
10.120(7) and there are eight formula units ISTATS &

per unit cell. Theraw datafor this exercise
was collected on a Enraf-Nonius CAD4 SCMERGE  Ja——»

single crystal diffractometer. * g
FOURIER J:—»

CAD4 Data Setup

INSTRUMENT
PARAMETER
FILE

EXPEDT

» | REFLECTION
\ FILE

4

To begin set the default directory to where
you wish to run this exercise and enter
'GSAS OXONIUM' to start the GSAS
command file and set the experiment name
to 'OXONIUM' which is the name we have DISAGL  Jame——b | .
chosen for this exercise.

GENLES J:—i

FOURIER b—»

¢l come to GSAS
The General Structure Anal ysis System

Qurrent listing output page length is 60 |ines
Default for running Least-squares and other long jobs is O\NLINE
Enter a ? or a sinply a <CR> for information on avail abl e conmands

YBYSTEM W NOSUCHFI LE, no such file

\ OXONL UM BEXP\

The experiment is OXONNUM creation date =
M ST: : GSAS Command? >

Aswith the powder exercises the error message informs you that these is no experiment file
for OXONIUM, you will create it inamoment. Inthefirst part of this exercise you create
the experiment file at the same time the diffraction dataisread. Enter' CAD4RD' to begin
and you will get the first prompt .
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Experinent - OXONLUM - was not found.
Do you wish to create it (Y/<N>)? >

Y ou want to create the file OXONIUM.EXP, so enter "Y' and you will get the next prompt.
After it is created you should not see this prompt at the beginning of CAD4RD or
EXPEDT unless you are inadvertently in the wrong directory or have the wrong
experiment name.

The new experiment - OXONLUM - has been created.
Enter atitle for this experinent
>

Give the experiment atitle, 'Single Crystal Exercise’ might be an appropriate one. At this
point you will see the program banner and the next prompt.

| Program CADARD Ver si on 6. 14 |
| Convert CAD4 data to a standard form |
| Modified by James Fait, University of Calgary Apr 89 |
| Modi fied by ACL Feb, Apr 90 |
| D stributed on TEST Vers. 20-JUN 1994 |

[ Allen C Larson and Robert B. Von Dreele |
[ Manuel Lujan, Jr. Neutron Scattering Center, M5 H305 |
[ Los Al anos National Laboratory, Los A anbs, NM 87545 |
I I
I I

Copyright, 1994, The Regents of the University of California.

Enter Single Oystal instrument paranmeter file nane (<?>,$, QJT)
>

Thefile'GSAS_EXERCISES:INSTPARM.CAD4' (for UNIX use
'lusr/gsas/INSTPARM.CAD4') isthe instrument parameter file for the CAD4. It
contains information that characterizes the Enraf-Nonius CAD4 diffractometer including the
relationship between the goniometer and the 'laboratory coordinate system' as well asthe
sense of rotation and zero positions of the goniometer circles. It also has attenuator data
and anominal wavelength. Notice that the possibility of executing system commandsis
available here (the'$ command).

Enter single crystal data file nane (<?>,$, QJT)
>

The next prompt is for the CAD4 data file which contains both the results of the lattice
parameter and orientation matrix determination as well as the entire data acquisition results.
Enter '"GSAS_EXERCISES:OXONIUM.DAT" (or

'/usr/gsas/gsas_exer cisessOXONIUM.DAT' for UNIX) so that this information can be
introduced to GSAS. Again system commands can be used to search for it.
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First record: 21 1KENT' S H3O+SBF5- LOW TEMP - 50C 173 4.0 1.3 5.9
Is this the correct file (<Y>/NQ? >

Thefirst record on the CAD4 datafileis reproduced here and you are given the opportunity
torgectit. Thisisthe correct file so enter' CR' to accept it.

There is no phase information present
Enter identifying name for new phase nunber 1.
>

We need to enter some phase information as afirst step in thisprocess. Thefirst request is
for aname of this phase, '(H30)+(SbF6)-' or something else appropriate will do. You
will then be asked for further information about this phase.

No space group information found
Enter space group synbol (ex: Pna?2l, P42/lncm R-3c, P42im
R -3 mR for rhonbohedral setting) >

First you need the space group. This data set was collected in away that placesthe
antimony atom on the intersection of mirrorsbca at 1/4,1/4,1/4 in 1a3; thisis the 8b site.
The 8asdite at 0,0,0 istaken by the oxygen atom. If you use the aternate name for this
space group, 1b3, then these two sites are interchanged so that the antimony atom is at the
origin and the oxygen atom at 1/4,1/4,1/4. \WWe have assumed that the alternate choice is
used so enter 'l B 3' as the space group and you will get the following screen..

Space group | b 3

The lattice is centric |-centered cubic Laue synmmetry m 3
Miltiplicity of a general site is 48

The symretry of the point 0,0,0 contains 1bar

The equi val ent positions are:

(1) X Y zZ (2 z X Y (3 Y z X
( 4) X 1/2+Y 1/2-Z ( 5) 12-Z X 1/2+Y ( 6) 12+ 1/2-Z X
(7) U2-Z 1/2+X -y  (8) Y U2-Z U2+X  (9) 12+Y -Z 1/2-X
(10) 1/2-X 1/2+Y -z (11) -Z U2-X 12+4Y  (12) 1/ 2+X .Y 12-Z

Enter real lattice paraneters (Angstrons)
Enter a >

Aswas the case for the powder examplesGSAS determines that only thea lattice
parameter is needed for this cubic cell. Enter'10.12' and afull list of the lattice constants
and calculated cell volume is shown next.
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Lattice paraneters are
a,b,c 10. 120001 10. 120001 10. 120001
angl es 90. 000 90. 000 90. 000
vol umre = 1036. 434
Lattice symmetry is cubic
Space group synmetry is cubic
Enter phase edit command(<?>, $,DEFMI,L S X >

Enter '?' or 'CR' to see the options available from this menu.

Phase editi ng commands:

<?> - Type this help listing

- Enter DCL conmand

- Delete all data for phase "n"

Edit phase data for phase "n"

- Enter unit cell contents data for phase
I nsert new phase

Toggl e magnetic flag for phase "n"

- Li st phase names

n - Enter unit cell signas

- Exit to EXPEDT nain menu

At | east one phase nust be defined before | eaving this nenu
Enter phase edit command(<?> $,DEFMI,L S X >

5 35 S
1

n

XNWrZT—TMmMoe
35

The CAD4 datafile does not contain the error information on the lattice constants so we
should enter o5 into the datafile. To do thisselect option'S' from this menu.

Al sigmas for lattice parameters = 0.00

Enter real lattice paraneter Sigmas (Angstrons & degrees)
( enter / if current values are (K)

Enter Sigma(a) >

Aswith the lattice parameter input, only the error for thea lattice parameter is needed for a
cubic cell. Enter'.007' and the menu prompt for phase editing is shown.

Enter phase edit command(<?> $,DEFMI,L S X >

The next step is to enter the probable unit cell contents; these are required for the absorption
calculation that will be runin afew moments. Enter'F'.

Unit cell contents not known
Enter unit cell conposition edit coommand (<?>,$, CEF, L, X >

Y ou see amessage that there is no information on the unit cell contents. To see the entries
in thismenu enter 'CR".




Page 86 GSAS TRAINING MANUAL 9/2/94

Unit cell conposition editing commands:

<?> - Type this help listing

- Enter DCL conmand

- Change unit cell conposition

Edit unit cell conposition data

- BEdit formfactor infornation

- List unit cell conposition

- Exit to phase editing nmenu

You are linited to 9 atomtypes for all phases

Enter unit cell conposition edit command (<?>,$, CEF, L, X >

X TmQO &

Y ou want to change the unit cell contents so enter 'C'.

Enter atomtype for type(l) (<CR>to quit) >

And now enter '"h 24 0 8 sb 8 f 48' to define the contents of the unit cell.

Enter atomtype for type(5) (<CR> to quit) >

The entry of chemical formula datais terminated with ablank line; enter' CR'. The
program will next list the composition, calculated density, absorption coefficients and the
F(000) structure factors for both x-rays and neutrons.

Unit cell contents for phase 1:

H 24.00 O 8.00 SB 8.00 F 48. 00

F(000) neutrons = 27.30 Formul a wei ght = 2038. 09

F(000) xrays = 927.94 The density is 3. 265
X-Ray Abs. Coefs. 1229.96 799.59 441.55 54.09 28.01

Neut ron Abs. Coef. 0.48 + 0.48 Lanbda

Enter unit cell conposition edit command (<?>,$, CEF L, X >

Y ou are finished here so exit formula editing by entering'X".

Enter phase edit command(<?>,$, D EF MI,L S X >

Y ou are finished here so exit phase editing by entering'X'. Y ou next have the opportunity
to edit the information taken from both the CAD4 instrument parameter and datafiles.

Attenuator coefs. are

1.0000 16.2300 1.0000 1.0000 1.0000 1.0000
Enter new values or a "/"

Enter ATNOOR(1) >

These six attenuator coefficients are taken from the instrument parameter file. They are
correct for this data set so enter'/' to accept them. The program will next process the entire
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diffraction datafile listing al lattice constant and orientation matrix changes which occurred
during the data collection. Generally these changes are quite minor and can be ignored.
The orientation information in the first one will automatically be accepted, but later ones
will be presented for you to choose as to whether or not they are a better representation of
the cell orientation than the first one.

Nref = 0 Last iseq = 0 Exposure tine = 0. Lanbda = 0.70930
4. 1278001E-02 9. 7239995E-03 8. 9162000E- 02
- 8. 5389003E- 02 - 2.5436001E-02 4.2268999E- 02

2. 7078001E- 02 -9. 4682999E- 02 - 2. 5480001E- 03

Lattice constants are 10.1386 10. 1502 10. 1311 90. 20 90. 01 90. 06
Phi = 64.58 Chi = -91.29 Onega = 344.01

Nref = 1460 Last iseq = 1926 Exposure tine = 79282. Lanbda = 0. 70930
4. 2096000E- 02 9. 4630001E-03 8. 8886999E- 02
- 8. 4546000E- 02 - 2. 7169000E- 02 4. 3008000E- 02
2. 8436000E- 02 -9. 4355002E- 02 - 3. 5850001E- 03
Lattice constants are 10.1385 10.1375 10.1204 90.06 90.02 90.07
Phi = 64.16 Chi = -92.02 Orega = 343.16
Save this orientation? (Y,<N>) >

The second orientation information is insufficiently different from the first one to warrant
using, so don't save it; enter 'N'.

There were 1497 reflections read
There were 2 standard reflections used
Do you wish to list the standard reflection data? (Y,<N>) >

Y ou probably don't want to list the individual standard reflection data, so either enter' CR'
or 'N'. A summary of theintensity variation for the first standard is shown next.

Standard no. 1 is 0 4 -8

It was neasured 12 tines

Avg(i) = <W>/<W is 3520. 67
Sigma(l)/Avg(l) = 0. 0029
<abs(del (1))>/Avg(l) = 0. 0280
rns(del (1))/Avg(l) = 0. 0316
Sqre(<I**2>-<I>**2)/<l>is 0. 0316

Fitting of standards to a pol ynom al
Default nunber of terns (M is: 2 The convergence criterion (C is: 0.0100
Enter the initial nunber of terns (2-20), M>

The program will fit the intensity data to a polynomial series of the type
M

S =A+ ZBnT|n
n=1

where M isthe order of the polynomial and T isthe x-ray exposure time for the crystal.
Thefitting routine will begin with the number of terms, M, entered and will fit the first
standard until the convergence criterion is satisfied for that number of terms. Optionally,
the routine will increase the number of terms and repeat the fitting until no further
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improvement can be obtained. The number of terms found for the first standard is then
used for all subsequent standards. We shall start the polynomial fitting with two terms by
entering'2'.

Enter the convergence criterion, C >

We will use the default convergence criterion of 0.01 by entering'/'.

Do you want to search for "best" nunber of ternms (<Y>/N? >

We want the program to search for the best number of terms so enter'Y".

Nunber of terns = 2 Convergence crit. = 0. 01000
Sum of the squares of the residual s 14690. 6
Sum of the squares of the residuals 14280. 9
Sum of the squares of the residual s 13175. 3
Sum of the squares of the residual s 10963. 7
Sum of the squares of the residuals 58296. 0

<L
i nnun
ouhwN

Coefficients of normalization pol ynom al
1. 00000 -0. 169575 1. 14993 -1. 68633 0. 800769
Errors for polynomal coefficients
0.111243E- 01 0.174331 0. 779324 1. 23120 0. 628443
Pol ynonmi al evaluated at 0. and 81647. 1. 00000 1.09480
rns(del (1))/<I> = 0.0476

Standard no. 2 is 4 -6 -4

It was neasured 12 tinmes

Avg(i) = <W>/<W is 3026. 11

Sigma(l)/Avg(l) = 0. 0031

<abs(del (1))>/Avg(l) = 0.0114

rns(del (1))/Avg(l) = 0.0151
SQrt(<I**2>-<I>**2) /<> s 0.0151

Nunber of terns = 5 Convergence crit. = 0. 01000

Sum of the squares of the residuals = 9414. 70 M= 5

Coefficients of nornalization pol ynom al
1. 00000 -0.385320E-01  -0.690919E-01 0. 473014 - 0. 352103
Errors for polynom al coefficients
0. 116685E- 01 0. 182595 0. 815299 1. 28717 0. 656700
Pol ynonmi al evaluated at 0. and 81647. 1.00000 1.01329
rns(del (1))/<I> = 0.0128
Pl ot the standards? (<N>/ Y/ X=EXIT) >

Asyou can see the program tried progressively more termsto fit the first standard.
Introduction of the sixth term did not improve the fit so five terms was used for all fitting.
The second standard was fit without any further requests from you. Y ou next have the
option to plot the standards. Enter'Y' for the first plot.

Enter termnal type (<?> AB CDEFGHZ >
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Enter your terminal type letter followed by 'N' to have no hardcopy plots. Thefirst plot
will immediately follow.

Standard reflections plot
gsas_exer ci ses: oxoni um dat

I I I I | | | I I
o= 0 4-81 = 3521. Sig-1/1 =0.0280 rns(Del-1)/1 =0.0316
x = 4 -6 -41 = 3026. Sig-1/1 =0.0114 rns(Del-1)/1 =0.0151
Solid line connects the average val ues
a
<
o— a —
-
N
O_ —
-
o
O_ —
- o
38| : i
T O )
> o
ool ° °
> o |
T .
¢ 1 1 1 1 1 1 1 1 1
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0
Xray exposure tine X10E 4

This plot shows the normalized intensities for both standards plotted as symbols along with
their average asa solid line. Noticethat in this case al three curves are similar so that an
average correction is appropriate. On some terminals you need to enter' CR' to get the next
prompt.

Use all of the standards? (<Y> N >

There isno reason why we should not use all standards measured, so enter'Y".

Do you want to use polynonmial fit? (<Y> N >

Y ou now need to choose between using the results of the polynomial fit and asimple
interpolation of the normalized average standard intensities. Generally the polynomial fit
gives a better description of the intensity variations so enter 'Y'. A plot of the standards
and the polynomial fit will follow.
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Standard reflections plot
gsas_exer ci ses: oxoni um dat
T T

o 0 4-81

T T T T T

= 3521. Sig-1/1 =0.0280 rms(Del-1)/1 =0.0316
= 4 -6 -4 1 3026. Sig-1/1 =0.0114 rns(Del-1)/1 =0.0151
Data correction = solid line

0.98 1.00 1.02 1.04 1.06

Rel ative val ue

| |
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0
Xray exposure time X10E 4

Asyou can see the five term polynomial fit gives a satisfactory description of the intensity
variation. As above you may need to enter' CR' to get the next prompt.

Data will be corrected with the polynomal fit
Scan no. 1 for hkl 14 8 0 Avg-I 250. has 37 psi values starting at 1461
Do you want to plot this psi scan reflection (<Y>/N? >

Y ou are first advised that the polynomial fit to the standards will be used to correct the
intensities. Then CAD4RD finds the first y-scan data and asks if you want to plot it.
Enter "Y' and the plot will immediately follow.
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PSI reflection 14 8 0

3.0
I

X10E 2

0

1

Intensity

PSI val ue

X10E 2

This y-scan shows the typical sinusoidal variation due to absorption from a non-spherical
crystal. If there was more than oney-scan reflection set they would be plotted in turn. As
for the other plots enter 'CR' if necessary to get the next prompt.

Enter the no. of the PS

(/ for the last one,<=0 for list) >

reflection you want to use for absorption corrections

Y ou will need to select thisy-scan in order to apply the non-spherical component to the
absorption. Enter '/' or '1' to select it.

Ref | ection

These neasurenents,
1461 0.
1465 40.
1469 80
1473 120.
1477 160.
1481- 160.
1485- 120.
1489 - 80.
1493 -40
1497 0.

00

00

14 8 0 was neasured
given as | REF, PS
1462 10.
1466 50.
1470 90.
1474 130.
1478 170.
1482- 150.
1486- 110.
1490 -70.
1494 - 30.

246.
235.
243.
257.
279.
202.
219.
233.
318.
265.

Do you wish to copy themto the

234.
223.
260.
291.
266.
218.
233.
248.
282.

BXP file? (<Y>,N) >

37 timnes
and Intensity,
1463 20.
1467 60.
1471 100.
1475 140.
1479- 180.
1483- 140.
1487- 100.
1491 -60.
1495 - 20.

are
199.
235.
272.
292.
224.
219.
247.
279.
278.

1464 30
1468 70
1472 110
1476 150
1480- 170
1484-130
1488 -90
1492 -50
1496 -10

234.
249.
261.
290.
243.
205.
207.
281.
279.

Thislisting shows the measured intensity for all occurrences of the selectedy-scan
reflection in the data set. Y ou should examine it with some care because one that is out of
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sequence with the othersis not part of they-scan and belongs in the reflection data set.
Y ou will want to copy the y-scan datato the EXPfile, so enter'Y".

Copy all of this set? (<?>,Y,N >

This question gives you the opportunity to exclude some of the reflections from they-scan
set. For example, those observations that were collected during the normal data collection
and not part of ay-scan could be skipped. In the present case, however, you will want to
copy al of them to the EXPfile, so enter"Y".

Are you finished with the PSI scan data? (<Y>, N >

We are finished with the y-scan data, so enter 'Y'. The display will change the number of
reflections until the entire data set is processed after which theCAD4RD program will
terminate.

1475 refl ections have been processed
<sigma(l)>/<I>= 0.017
CADARD run ended successful ly
The experinent is OXONUM creation date = 20-JUN- 1994 10: 51: 07. 67
M ST: : GSAS Command? >

While you were running CAD4RD, it was a so producing much of the output seen on the
screen onthelist file. You can examineit by using either of theGSAS utilitiesEL ST or
TLST.

Absorption Correction Setup and Calculations
You will need to run EXPEDT to set up the absorption calculations. Thisincludes

selecting the method for calculating the absorption and entering some coefficients. Enter
'EXPEDT' at the GSAS prompt to get started.

Pr ogr am EXPEDT Version 6. 50 [
| A menu driven routine to edit .EXP files |
| Distributed on TEST Vers. 20-JUN 1994 [

[ Allen C Larson and Robert B. Von Dreele

[ Manuel Lujan, Jr. Neutron Scattering Center, Ms-H305
[ Los Al anos National Laboratory, Los A anmps, NM 87545
|
I

Copyright, 1994, The Regents of the University of California.

The last history record is :
HSTRY 1 CAMARD V-6.14 20-JUN-94 10:51:17
Is this the file you wish to use? (<>, DKNQRY) >
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To make acopy of this experiment file and commence editing enter'Y'. If you are brave
you can use the'K" option which skips the copy operation. Be aware that if you mess up
the edit you will have to live with it because the' Q'uit option is not available when the
'K"eep option is selected.

Experinent title:
Single Oystal Exercise
The last history record is :
HSTRY 1 CADARD V-6.14 20-JUN-94 10:51:17
EXPEDT data setup option (<?> D F, KL P,RS X >

The absorption correction setup is one of the controls for single crystal data preparation, so
enter'S.

Enter Single Oystal data preparation option(<?> A DI,L, P T,UX >

Y ou should look at this menu further, so enter 'CR' to get the help listing.

The avail abl e options are:

<?> - Type this help listing

A Enter and edit data for SCABS

D n/n:m- Do not use histograns

- Enter or change instrument paraneter file
L - List histogramtitles

P - Edit phase information

T - Change the experinent title

Un/n:m- Use histograns
X
En

Exit fromsingle crystal data editing
ter S|ngle Cystal data preparation option(<?> ADI,L P T,UX >

Y ou need to set up the controls for single crystal absorption calculations by SCABS so
enter 'A'.
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The absorption flag is NONE
The radiation type flag is MoKa
The absorption coefficient is 0. 000

The maxi mrumval ue of d* to be used is 2.000
The instrument error constant is 0. 0100

PSI scan data is present

Scan 1 was neasured with the 14 8 O reflection

There are 37 val ues

PSI  Val ue PSI  Val ue PSlI  Val ue PSI  Val ue PSI  Val ue

0.0 0.9841 10.0 0.9372 20.0 0.7982 30.0 0.9360 40.0 0.9400
50.0 0.8914 60.0 0.9389 70.0 0.9972 80.0 0.9715 90.0 1.0401
100.0 1.0904 110.0 1.0429 120.0 1.0281 130.0 1.1630 140.0 1.1687
150.0 1.1607 160.0 1.1167 170.0 1.0664 -180.0 0.8971 -170.0 0.9743
-160.0 0.8085 -150.0 0.8720 -140.0 0.8748 -130.0 0.8194 -120.0 0. 8766
-110.0 0.9314 -100.0 0.9875 -90.0 0.8268 -80.0 0.9343 -70.0 0.9921
-60.0 1.1167 -50.0 1.1236 -40.0 1.2734 -30.0 1.1293 -20.0 1.1127
-10.0 1.1179 0.0 1.0601

Reflection data will not be listed in SCABS
The Absorption type is currently NONE
Enter absorption type desired (<?>, AGNP,SWX >

A summary of the available data for the absorption correction including they-scan datais
listed. Another new menu, let uslook at it by typing'?'.

The absorption types available are

<?> - Repeat this hel p nessage

A - QOvystal described by 25 or fewer planes
Absorption cal cul ated anal ytically

G - COystal described by 25 or fewer planes

Absorption by Gauss approxi mati on

- No absorption is to be applied

- PSI-scan data will be used

- Assune a spherical crystal

- Spherical crystal, nodified by PSlI-scan data

- Eit fromabsorption type editing

The Absorption type is currently NONE

Enter absorption type desired (<?> A GNP, SWX >

Xsnoz

The type of correction that you will use on this data is a combination of a sphere andy-scan
data. Enter "W' to accomplish this.

Radi us of the sphere in mm? >

The crystal was approximately a 0.2 mm cube, you can assume a .3mm sphere as a good
approximation, so enter '0.15' to define the radius of the sphere.

Do you wish to nodify the PSI scan data? (Y,<N>) >

No, don't modify the g scan data, so enter either ‘N’ or 'CR'.
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The Absorption type is currently SPHR+PSI
Enter absorption type desired (<?> A GNP, SWX >

Y ou have compl eted the absorption correction setup so enter' X' to exit.

SCABS control data editing option (<?> ADFI,LLMP,RX >

Enter ' X' to exit from SCABS control editing.

Enter Single Oystal data preparation option(<?> A DI,L, P T, UX >

Enter 'X' to exit from single crystal data editing.

EXPEDT data setup option (<?> D F, KL P, RS X >

You are finished with EXPEDT for now, so enter ' X' to exit from EXPEDT.

EXPEDT term nated successfully
The experiment is OXONUM creation date = 20-JUN 1994 10: 51: 07. 67
M ST: : GSAS Command? >

Now you are ready to perform the absorption calculations. Enter' SCABS' to perform the
absorption calculations. This may be run as a batch job on VMS systems or in background
on UNIX systems. Thisjob will completein afew minutes and the output is sent to the list
file. Some output will appear on the screenif it isrun "online" (or in foreground). When it
finishes you are ready for the next step.

Intensity Statistics

After the SCABS run completes, you can run | STAT S to check on the proper choice of
space group. This data set was collected for the primitive space group Pm—3 and it is of
interest to check the intensity of the various parity classes to determine the correct space
group. Enter 'ISTATS at the GSAS prompt. The following output will appear on both
the screen and the list file. The reflection classes that should be extinct for 1b3 are marked
in the manual by asterisks (not in the screen output though), you should look for them on
your screen.
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[ Proogram | STATS Version 6. 14 |
| Programfor determining reflection statistics |
[ D stributed on TEST Vers. 20-JUN 1994 |

[ Allen C Larson and Robert B. Von Dreele |
[ Manuel Lujan, Jr. Neutron Scattering Center, M HB05 |
| Los Al anos National Laboratory, Los A anbs, NM 87545
I I
| |

Copyright, 1994, The Regents of the University of California
There are 1 histograns

H stogramwi || be used in |east-squares
H stogram 1 has 1460 refl ections

Ref | n1460

Set Parity n <F/sF> n>3s n>9s Max(F/ sF)

h0oOo h =2n 3 78.024 3 3 83.31

g[0[0] h = 2n+l 2 0.284 0 0 1.48 *
0ko k = 2n 8 59.157 8 8 83. 05

0ko k = 2n+1 7 -0.456 0 0 0. 63 *
ool | = 2n 8 58.015 8 8 81. 39

ool | = 2n+1 7 -0.778 0 0 0.93 *
hk0 h =2n 57 33.732 30 30 91. 50

hkO h = 2n+l 49 0. 626 3 1 10. 10 *x
hkO k = 2n 55 35.290 30 30 91.50

hkO k = 2n+1 51 0. 245 3 1 10. 10 *x
hkO h+k = 2n 54 36.190 33 31 91.50

hk0O h+k = 2n+1 52 -0.016 0 0 2.56 *
hol h =2n 64 31.280 33 33 90. 11

hol h = 2n+l 49 0. 370 1 0 8. 65 *x
hol | = 2n 58 34.639 33 33 90. 11

hol | =2n+l 55 0.200 1 0 8.65 ok
hol h+l = 2n 57 35.647 34 33 90. 11

hol h+ =2n+1 56 -0.211 0 0 1.88 *
Okl k = 2n 117 27.626 61 61 91.91

Okl k = 2n+l1 108 1. 747 21 6 24. 00 *x
Okl | = 2n 117 27.665 61 61 91.91

Okl | = 2n+1 108 1. 705 21 6 24.00 *x
Okl k+l = 2n 113 30. 467 82 67 91.91

Okl k+ = 2n+1 112 -0.194 0 0 1. 80 *
hkl h+k = 2n 733 17.245 272 251 91.91

hkl h+k = 2n+1 727 3.347 163 79 65. 51

hkl h+ = 2n 734 17.256 276 246 91.91

hkl h+l = 2n+1 726 3.316 159 84 65. 51

hkl k+l = 2n 733 18.027 323 269 91.91

hkl k+l = 2n+1 727 2.559 112 61 64. 52

hkl h+k+l = 2n 734 20.612 435 330 91.91

hkl h+k+l = 2n+1 726 -0.076 0 0 2.70 *
hhl | = 2n 58 38.428 49 44 91.50

hhl | =2n+1l 53 0.005 0 0 2.70 *
hhl h+l = 2n 56 34.648 33 33 91.50

hhl h+l = 2n+1 55 5. 250 16 11 64. 29

hhh h =2n 3 77.659 3 3 91. 50

hhh h = 2n+l 3 0. 680 0 0 2.64 *

The experinment is OXONNUM creation date = 20-3L»+1994 10: 51: 07. 67
M ST: : GSAS Command? >expedt
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Asyou can see we collected adata set for the primitive lattice. Thereisno doubt about the
|-lattice centering, however the evidence that the space group should really be 123 isvery
weak. The extra extinctions needed for b3 (marked **) do not show much more intensity
than the extinctions common to both space groups (marked *). For the remainder of this
exercise we have assumed that 1b3 is the correct choice.

Data Merge and Patterson Calculations

The next step isto merge the equivalent reflections to give the unique set for the space
group 1b3. However, you can save alittle time by setting up a Patterson cal culation and
running the data merge program and the Fourier calculationsin sequence. Thus, the first
step hereisto enter 'EXPEDT' for the Fourier setup of a Patterson map.

| Pr ogr am EXPEDT Version 6. 50 [
| A menu driven routine to edit .EXP files |
| Distributed on TEST Vers. 20-JUN 1994 [

[ Allen C Larson and Robert B. Von Dreele |
[ Manuel Lujan, Jr. Neutron Scattering Center, Ms-H305 |
[ Los Al anos National Laboratory, Los A anmps, NM 87545 |
| |
I I

Copyright, 1994, The Regents of the University of California.
The last history record is :

HSTRY 3 SCABS V-6.16 20-JUN-94 10:57: 21 Fini shed
Is this the file you wish to use? (<?>,DKNQRY) >

To start editing Fourier controls enter 'K F'. The current experiment file will be opened for
editing.

Experinent title:
Single Oystal Exercise
The last history record is :
HSTRY 3 SCABS V-6.16 20-JUN-94 10:57:21 Fini shed
Enter desired map (<?>, DELF, FCLC FCBS, PTSN DPTS, EXIT) >

Y ou want to calculate a Patterson map, enter 'PTSN'. GSASwill properly compute the
Patterson map so that the symmetry is appropriate for the space group 1b3.

Enter section desired (X Y,2) >

Since the unit cdll is cubic the choiceisimmaterid, enter' X'.

Do you wi sh to specify individual map steps for each axis (Y/ <N>)? >

It is not necessary to make the map steps different for the three axes, enter'CR'.
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Qurrent overall map step size is 0.2000 A
Enter new overal|l map step size in Angstrons >

Y ou can get alittle better definition of the peak locations with afiner step size than the
default, enter '0.1".

The a-axis is 10.120001 A

The new del -x is 0.1012 A

The cell will be divided into 100 points al ong x
The b-axis is 10.120001 A

The new del -y is 0.1012 A

The cell will be divided into 100 points along y
The c-axis is 10.120001 A

The new del -z is 0.1012 A

The cell will be divided into 100 points along z
ddx limts are 0.0000 to 0.0000

Ent er nmini mum and naxi mumval ues of x in fractions of the cell edge >

The output shows the number of stepsit finds along each cell edge. The next step isto
determine the fraction of the cell edge that is the minimum needed to generate a complete
map. Reference to the 'International Tables for X-ray Crystallography Vol. A’ for this
Space group suggest that you should enter thelimits'0 /4 0 /4 0 1/2.

New x limts are 0.0000 to 0.2500

Addy limts are 0.0000 to 0.0000

Newy limts are 0.0000 to 0.2500

ddz linits are 0.0000 to 0.0000

New z limts are 0.0000 to 0.5000

At least one asymmetric part of the unit cell is included in the Fourier.
Enter new list of histogramnunbers in the order you wish themto be read.
The last occurrence of a reflection will be used.

Include histogram (0 to termnate list) >

Y ou entered a sufficient part of the cell to be calculated so that all the unique part of the map
iscovered. Next you need to select the histogramsthat are the source of the structure
factors needed for the calculation of the Patterson. Thereis only one histogram available so
enter 'l O toincludeit and terminate the list.

Enter FOUR ER map cal cul ation option (<?> ADEFHI,LLMP,RS T, WX >

You are all done entering the Fourier controls so enter ' X".

At least one asymmetric part of the unit cell is included in the Fourier.
EXPEDT data setup option (<?> D F, KL P,RS X >

Y ou are reassured that the choice of limitsis at least one asymmetric unit and you are all
finished in EXPEDT so enter ' X' to exit.
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EXPEDT term nated successfully
The experiment is OXONUM creation date = 20-JUN 1994 10: 51: 07. 67
M ST: : GSAS Conmand? >screrge fourier

Now you are ready for the data merge that we put off from above and the Patterson map
caculation. On VMS systems enter 'SCMERGE FOURIER' and respond to the two
sets of batch job questions about log files and queues. On UNIX systems run them
sequentially in either foreground or background. TheSCM ERGE program will take
longer to run than any of the previous batch jobs in this exercise; however FOURIER is
quite fast. Both programs will produce results on the list file, consult them at your leisure.
After they both finish you will be ready for the map search step.

Map Search and Structure Solution

After the two jobs you submitted above have completed, you will need to determine the
location of peaksin the Patterson map. The program FORSRH will do thisfor you, so at
the GSAS prompt enter 'FORSRH" and you will get the following screen.

| Pr ogr am FORSRH Ver si on 6. 16 [
| Fourier map peak search program [
| Dstributed on TEST Vers. 20-JUN-1994 |

[ Allen C Larson and Robert B. Von Dreele |
[ Manuel Lujan, Jr. Neutron Scattering Center, M HB05 |
| Los Al anos National Laboratory, Los A anbs, NM 87545 |
I I
| |

Copyri ght, 1994, The Regents of the University of California.
A PTSN fil e has been opened

The range of map values is -239.091 to 9373. 339
Enter nin. Peak value (negative if negative values are desired) >

The program FORSRH opens the PTSN map file and lists the extreme limits on the map
density. You are being asked to set the minimum peak value cutoff for the search. For
this search you should enter '50' to locate all peaks greater than 50. If you were interested
in negative peaks aswell as positive peaks you could enter a negative number.

Enter nunber of peaks to be located (1 to 225) >

The program wants a maximum number of peaksto save, before raising the cutoff value.
Enter '50' as areasonable maximum. Thus, the number of peaks listed will be limited to 50
and all will have a density greater than 50.

Save the peaks located in the EXP file? (Y,<N>) >
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There is no need to save these peak locationsin the experiment file, so enter'N' and wait
for the program to scan the Patterson map and then list out its findings.

Mn rho = 50.00000 No. of peaks = 50 Peaks saved?

The followi ng vectors were found

Rho X Y 4 Length
1 9373.339 0.0000 0.0000 0.0000 0.00
2 8617.319 0.0000 0.0000 0.5000 5. 06
3 1236. 617 0.2500 0.2500 O0.2500 4.38
4 329.964 0.1373 0.1019 O0.4403 4.78
5 300.689 0.1023 0.0610 0.3649 3.88
6 299.863 0.0615 0.1351 0.1034 1.83
7 293.569 0.0617 0.1353 0.3968 4.29

Total CPUtime for FCRSRH was 0. 49 seconds
FCRSRH terninated successful ly.

The experinent is OXONUM creation date = 20-JUN 1994 10: 51: 07. 67
M ST: : GSAS Conmand? >

After abrief summary of the limitsimposed on the peaks list, FORSRH finds that the
Patterson map has only seven unique peaks. It noted that it was dealing with a Patterson
vector map and modified the space group operations properly to determine the unique set of
peaks in the map. Y ou might want to examine the Patterson map with either PLOTTER

or FORPLOT, or both at this point.

We know that there are only eight antimony atomsin the unit cell, so we can assume that
they arein set 8a at 0,0,0 and the eight oxygen atoms arein set 8b at 1/4,1/4,1/4. Y our
only task in solving this structure is to choose the Sb-F vector from the remaining four
peaks. The choice of space group as 1b3 makes thistask easier in that one of the four xyz
vauesisthe location of the fluorine atom. Remembering that the |attice parameter is ~10A,
peak number 6 is about the right length (1.83A) for a Sb-F bond. However, the vector
shown points in the direction of the oxygen atom at 1/4,1/4,1/4 so you must choose an
aternate location for the fluorine atom. A good choiceisto change one sign so the fluorine
atom would be at -x,y,z or -0.0615,0.1351,0.1034.

Atom Insertion and Structure Refinement

After you have solved the Patterson, you will need to runEXPEDT to enter the atoms into
the experiment file and set some least squares controls. Since you have done these
operations for both powder exercises we want to demonstrate to the power of the type
ahead features in GSAS by entering as much as possible long strings of commands. Be
very careful when you type them in so that the correct sequence will be executed. To start
enter 'EXPEDT" at the GSAS prompt, the following familiar screen will appear.
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| Pr ogr am EXPEDT Ver si on 6. 50 [
| Anenu driven routine to edit .EXP files |
| Dstributed on TEST Vers. 20-JUN 1994 [

[ Allen C Larson and Robert B. Von Dreele |
[ Manuel Lujan, Jr. Neutron Scattering Center, M HB05 |
| Los Al anos National Laboratory, Los A anbs, NM 87545 |
I I
| |

Copyri ght, 1994, The Regents of the University of California.
The last history record is :

HSTRY 5 SOMERCE V-6.14  20-JUN-94 10:58:54
Is this the file you wish to use? (<?>,DKNQRY) >

Thefirst steps are to open this experiment file, enter least-squares editing and then atom
editing. Enter 'K L A’ to get there.

Experinent title:
Single Oystal Exercise
The last history record is :
HSTRY 5 SOMERCGE V-6.14  20-JUN-94 10: 58:54

Phase No. 1 There are 0 atons for this phase
Title: (H30 +(SbF6) -
Gve atomediting command (<?>,$,1,S X >

Some of the information lines appear before you see the atom editing line. Notice that there
are no atoms, you will now enter the three for (H30)*(SbFg)~. Start by entering'l 1"

Enter TYPE, X Y, Z FRAC or <?> for help
>

Now enter the antimony atom. It isat the origin and we will take defaults for the name and
temperature factor. Enter'SB 0 0 O 1 / | /. Don't worry if the input line wraps on
your terminal, all the characters will be accepted. Next you see the data you entered for the
antimony atom.

SER TYPE X Y z FRAC  NAME u SO OCCDE STSYM MAT FXU
1 SB  0.00000 0.00000 0.00000 1.00000 SB(1) 0. 02500 | -3(111) 8 000

Phase No. 1 There are 1 atons for this phase
Title: (H3O +(SbF6)-
Gve atomediting coomand (<?>,$,CDEF I, KLMSTUVX+-,*/) >

Next you need to enter the oxygen atom coordinates; for the other data you will use
defaults. Enter'l N O 14 1/4 1/4 1 / | [, againdon't worry about the line
wrap.
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SER TYPE X Y z FRAC  NAME u SO CCDE STSYM MALT FXU
20 0. 25000 0. 25000 0.25000 1.00000 Q(2) 0. 02500 | -3(111) 8 000

Phase No. 1 There are 2 atons for this phase
Title: (H3O +(SbF6)-
Gve atomediting coomand (<?>,$,CDEF I, KLMSTUVX+-,*/) >

Finally, enter the fluorine atom parameters. Enter 1 N F -0.0615 0.1351 0.1034
1 / 1 /. Asyou can see quitelong strings of commands can be entered into GSAS;
you will probably never exceed the 132 character buffer available for user input.

SER TYPE X Y Z FRAC  NAME u SO CCDE STSYM MLLT FXU
3 F -0.06150 0.13510 0.10340 1.00000 F(3) 0. 02500 | 1 48 000

Phase No. 1 There are 3 atons for this phase
Title: (H30 +(SbF6) -
Gve atomediting comand (<?>,$,CDEFI, KL MSTUV,X+-,*/) >

The next step isto set the flags for refinement of the atom coordinates and temperature
factors. Enter'V 1:3 X U'. Thissetstheflagsfor all three atoms.

SER TYPE X Y z FRAC  NAME u sO OCDE STSYM MAT FXU
1 SB 0.00000 0.00000 0.00000 1.00000 SB(1) 0.02500 I XU -3(111) 8 000
20 0. 25000 0. 25000 0.25000 1.00000 Q'2) 0.02500 I XU -3(111) 8 000
3 F -0.06150 0.13510 0.10340 1.00000 F(3) 0.02500 I XU 1 48 000

Phase No. 1 There are 3 atons for this phase
Title: (H30 +(SbF6)-
Gve atomediting coomand (<?>,$,CDEFI, KL MSTUV,X+-,*/) >

Notice that the flags to refine coordinates for the Sb and O atoms were both set by this
command. GSAS will use the symmetry information to hold these values fixed regardless
of the refinement flag because both atoms are in special positions. Y ou are finished with
atom editing, enter ' X'

Select editing option for Least Squares calculation (<?> ABFLQOQRST,X >

The next step isto modify the least-squares controls, enter ‘L' to see the menu.
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Maxi mum nunber of cycles is 3
Refine on Fsq
The Single crystal Least Squares weight function is
W= Wght
Wht = 1.0/ (Si gmaFoSq) **2 for FoSq refinements
Wiht = (2*Fo/ Si gnaFoSq) **2 for Fo refinenents
M ni mum D-spacing is 0.000
Maxi mum D-spaci ng i s 99. 990
Include all data as observed
Enter L-S control editing option (<?> CF,GI,KL MNP, SWX >

You are told the defaults for single crystal refinements. Enter' CR' to see the help listing.

C n - maxi mum nunber of cycles

F - Change mininization function

Ga - Uper linit on wave-length for SCD data
| a - Treatnent of Negative (bs.

L - List current settings

Mn - upper Dspacing limt

Nn - lower Dspacing limt

P - Select options for the output listing

R - Change the weight nodification flag, Robust
Sn- Set alower I/Sigl cut-off in RFNF

Un - Set a Wper 1/Sigl cut-off in RFN-F

Wn - refinenent weight option "n"

X - Exit fromediting | east squares controls

Enter L-S control editing option (<?> CF,GI,KL MNP, SSWX >

The modifications that we want you to do are to change the number of least squares cycles
to 5, set the I/ol cutoff to 1.5, and set the refinement to be on F rather than F2. To do all of

theseenter'C 5 S 15 F N X'. Some messageswill appear as each valueis set and
you will exit from this menu.

Maxi mum nunber of cycles is 5

Lower 1/Sigl cut-off for Frefinenents is 1.500

Refine on F

Sel ect editing option for Least Squares calculation (<?>ABF L QRST,X >

The last step isto modify the scale factor so that the starting value is closer to what you will
obtain when the |least squares converges. Normally you would have refined this value first
before moving the atoms, but you will change it here this way for the purposes of this
exercise. To changethisoverall parameterenter'O H C 04 X X X'. Some
messages will appear asthe scaleis changed. Y ou need not set the refinement flag, it is set
"Y' by default.
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Editing hi stogramscal e factors
H stogramw || be used in |east-squares

H sto. scale = 1. 0000 Refine Y Danping flag = O
H stogramw || be used in |east-squares
H sto. scale = 0. 40000 Refine Y Danping flag = O

EXPEDT data setup option (<?> D F, KL PRSX >

The sequence of exit commands in your last command string brought you to the last menu
in EXPEDT. Thismenu can only be exited (and hence out of EXPEDT) by entering an
‘X' onanew line. Do that now.

EXPEDT term nated successfully
The experinent is OXONUM creation date = 20-JUN- 1994 10: 51: 07. 67
M ST: : GSAS Command? >

The atoms are entered and the least squares controls are now set. Enter'GENLES at the
GSAS prompt and respond to the log file and queue questions. The run will take afew
minutes, when it finishes you can examine the resultsin thelist file.

Anisotropic Refinement and Structure Results

After GENLES finishes and you have satisfied yourself that all is going well if might be
useful to convert the thermal parameters to anisotropic and then make another pass through
GENLESfollowed by a distance and angle calculation and an analysis of the thermal
ellipsoids with DISAGL and BIJCALC. Asfor the previous section, you will enter
several commands in sequence so that the changes are made with minimal output on the
terminal. To begin enter 'EXPEDT"' at the GSAS prompt.

Pr ogr am EXPEDT Versi on 6. 50 [
| Anenu driven routine to edit .EXP files |
| Dstributed on TEST Vers. 20-JUN 1994 |

| Alen C Larson and Robert B. Von Dreele

[ Manuel Lujan, Jr. Neutron Scattering Center, M HB05
[ Los Al anbs National Laboratory, Los Al amos, NM 87545
|
|

Copyright, 1994, The Regents of the University of California.

The last history record is :
HSTRY 7 GENLES V-6.48 20-JUN-94 11:02: 12 Sdsg= 0. 112E+05 S E= 0. 125E-03
Is this the file you wish to use? (<?>,DKNQRY) >

First you need to select this version of the experiment file, least squares editing, atom
editing and finally list theatoms. Enter'K L A L'todoall of these.
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Experinent title:
Single Oystal Exercise
The last history record is :
HSTRY 7 GENLES V-6.48 20-JUN-94 11:02: 12 Sdsg= 0. 112E+05 S E= 0. 125E-03

Phase No. 1 There are 3 atons for this phase
Title: (H30 +(SbF6) -

SER TYPE X Y z FRAC  NAME u SO OCCDE STSYM MALT FXU
1 SB 0.00000 0.00000 0.00000 1.00000 SB(1) 0.01511 I XU -3(111) 8 000
20 0. 25000 0. 25000 0.25000 1.00000 Q'2) 0.03686 | XU -3(111) 8 000
3 F -0.05996 0.14043 0.10432 1.00000 F(3) 0.02604 | XU 1 48 000

Phase No. 1 There are 3 atons for this phase
Title: (H3O +(SbF6)-
Gve atomediting coomand (<?>,$,CDEF I, KLMSTUVX+-,*/) >

Now you want to make all the atoms anisotropic and then exit asfar as possible, enter
‘U 1.3 A X X X

SER TYPE X Y V4 FRAC  NAME u SO CCDE STSYM MLLT FXU
1 SB 0.00000 0.00000 0.00000 1.00000 SB(1) A XU -3(111) 8 000
ull, 22, U3s, U1z, U3, 23 = 0.01511 0.01511 0.01511 0.00000 0.00000 0.00000
20 0. 25000 0. 25000 0.25000 1.00000 Q' 2) A XU -3(111) 8 000
Ull, W22, U33, U12, U13, 23 = 0.03686 0.03686 0.03686 0.00000 0.00000 0.00000
3 F -0.05996 0.14043 0.10432 1.00000 F(3) A XU 1 48 000

ull, 22, U3s, U1z, U3, 23 =  0.02604 0.02604 0.02604 0.00000 0.00000 0.00000

Phase No. 1 There are 3 atons for this phase
Title: (H30 +(SbF6) -
EXPEDT data setup option (<?>,DF, KL P,RS X >

The equivaent anisotropic thermal parameters for each of the atomsislisted and then the
last menu in EXPEDT isshown. To exit from this one you must enter ' X' on anew line,
do this now.

EXPEDT term nated successfully
The experiment is OXONUM creation date = 20-JUN 1994 11:02: 07. 65
M ST: : GSAS Command? >

To finish the refinement and cal culate some structural resultsenter'GENLES DISAGL
BIJCALC' (for VMS systems) and respond to the three pairs of batch questions. The
results of these calculations can be found in your list file. Y ou can next work on refining
the structure in the correct space group (12;3) asindicated by the relatively few observed
hkO reflections with h and k odd seen inthe ISTAT S run.

Structure Drawing

The last part of this exercise consists of an introduction to the structure drawing program
ORTEP. ORTEP was originally written many years ago by C. Johnson of Oak Ridge
National Laboratory and it has become one of the most widely used programs for drawing
crystal structures. We have modified it for usein GSAS to make an interactive version
using the GSAS menu handling facilities. Most of the original features of ORTEP have
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been retained in this version. We have assumed that you have refined the structure of
(H30)* (SbFg)- in the space group 1b3 with anisotropic thermal parameters. To begin enter
'ORTEP' at the GSAS prompt.

Program CRTEP Version 6. 17
| Oystal structure plotting programby C K Johnson |
| D stributed on TEST Vers. 20-JUN 1994 |

| Alen C Larson and Robert B. Von Dreele |
[ Manuel Lujan, Jr. Neutron Scattering Center, M5 HB05 |
[ Los Al anos National Laboratory, Los A amps, NM 87545 |
| I
| |

Copyright, 1994, The Regents of the University of California.

Enter termnal type (<?> ABCDEFGHZ >

Asusual for this question enter your terminal type and an'N' to avoid creation of a hard
copy file. ORTEP will next read information from your experiment file and produce a
summary of what it found. If you are working in one of the four face-centered cubic space
groups that have 192 symmetry operators (Fm3m, etc.), ORTEP will reduce the
symmetry and add extra atoms as necessary to give 96 operators.

Title: Single Oystal Exercise
Phase nare: (H30 +( SbF6) -
Lattice paraneters:

a, b, c

al pha, bet a, gamma

10.1200 10.1200 10. 1200
90. 000 90. 000 90. 000

Space group | b 3

The lattice is centric |-centered cubic Laue symretry m3
Miltiplicity of a general siteis 48

The symetry of the point 0,0,0 contains lbar

The equi val ent positions are:

( 1) X Y zZ (2 z X Y (3 Y z X
( 4) X 1U2+Y 122 (5) 122 X 1/2+Y ( 6) 1/2+Y 1/2-Z X
(7) U2-Z 1/2+X Y (8 =Y 12-Z 124X ( 9) 1/2+Y -Z 1/2-X
(10) 1/2-X 1/2+Y -Z  (11) -z U2-X U2+ (12) 1/2+X Y 12-Z

Do you want atomlist (Y/ <N>)? >

If you respond'Y" here the atoms will be listed, to skip that enter 'N'. After the atoms are
read in thelist is examined for duplicate coordinates and the extra atoms are removed from
thelist. Two additional atoms are added, one is at the unit cell origin and the other is at the
unit cell center.
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New crystal to cartesian transformation matrix:

0.09881 0.00000 0.00000

0.00000 0.09881 0.00000

0. 00000 0.00000 0.09881
No atons in draw ng array
At om nanes:

1 SB(1) 2 2 3 F(3) 4 CRGAN 5 CENTER

Enter nodel building comand (<?>, ABDELSTUX >

Thefirst step isto select a set of atomsto be drawn by ORTEP. Most of the facilitiesin
the original version are available as menu selections. Y ou presently have no atoms selected
for drawing. Enter 'CR' to seethe help listing.

Model bui | di ng commands:
<?> - Type this help listing
- Atom desi gnat or codes (ADC
- Box of enclosure
- Subsequent conmmands wi || DELETE at ons
- Erase all atons
- List current contents of atomarray
- Sphere of encl osure
- Triclinic cell of enclosure
- Insert unit cell corners
Exit nodel buil ding
ADC i s the code "acccss" where a i s the atom sequence nunber, ccc is unit cell
designators (1-9) and ss is the synmetry operator nunber. If a positive ADCis
foll oned by a negative ADC then all atons between themare included. Ex. 155501
for 1st atomin center cell & 1st operator; 155501 -2455504 for all atons in
center cell between atons 1 and 24 for operators 1 to 4.
Enter <CR> to continue

XCHnrrmow>

These commands allow you to select single atoms, sets of atoms, all atoms within certain
volumes and can even cause chains of atomsto be selected. The atoms are designated by
ORTEP by a"atom designator code" (ADC) which has three parts. Thefirst part isthe
atom serial number aslisted by ORTEP. Seethe atom name list above for these values.
The second part is athree integer code that indicates which unit cell the atomisin.

ORTEP will permit unit cell designation within a 9x9x9 block of unit cells. The
designation "555" refersto the central unit cell within thisblock. Thelast part of the ADC
isatwo integer designator for the symmetry operator. Thusan ADC looks like "acccss' as
noted in the help listing. For example, the code "355602" refers to atom number 3, located
in unit cell 556 generated from the origina position by symmetry operator number 2. Enter
'CR’ to continue.

At om nanes:
1 SB(1) 2 2 3 F(3) 4 CRAN 5 CENTER
Enter nodel building coomand (<?>, A B DEL,STUX >

We want you to draw the SbFg ion; to begin you need to select the Sb atom. Enter'A’ for
individual atom selection.
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Enter atomdesignator code (0 to quit,-1 for help) >

Y ou want to include the Sb atom in the center cell and first symmetry operator, enter
'155501'

Enter atomdesignator code (0 to quit,-1 for help) >

That isthe only atom you want to select that way, enter'0' to terminate individua atom
selection.

At om nanes:
1 SB(1) 2 2 3 F(3) 4 CRAN

5 CENTER
Enter nodel building command (<?>, A B CDELRSTUX >

The easiest way to select the six F atomsis to include those that are inside a sphere about
the Sb atom, enter 'S' to use this option.

Enter first origin atomdesignator code (0 to quit,-1 for help) >

The sphere of inclusion can be constructed about a range of atoms. In this case you only
want a sphere around just the Sb atom, enter the ADC'155501' for it.

Enter last origin atomdesignator code (0 to quit,-1 for help) >

In this case, the list of origin atomsin this case is terminated by the same atom, enter
'155501".

Enter first target atom nunber >

Y ou want F atoms to be selected when they fall inside the sphere. Since F isthe third atom
inthelist enter'3'.

Enter last target atom nunber >

Again arange of atoms can be selected if they fall inside the sphere of inclusion. In this
case you only want F atoms so enter'3' again.

Enter nmax. interatonic bonding distance >
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Y ou only want those F atoms that are bonded to the Sb atom. The Shb-F bond length is
somewhat less than 24, so enter'2.0'. ORTEP will find all atom number 3's that fall
within 2A of the already included Sb atom.

At om nanes:
1 SB(1) 2 q2) 3 F(3) 4 ORI

anN 5 CENTER
Enter nodel building conmand (<?>, A B CDELRSTUX >

To list the atom ADC'sthat ORTEP found enter 'L".

Contents of drawi ng array:
155501 355501 355502 355503 355513 355514 355515
Drawing array contains 7 atons
At om nanes:
1 SB(1) 2 2 3 F(3) 4 CRAN

5 CENTER
Enter nodel building command (<?>, A B CDELRSTUX >

Asyou had hoped there is seven atoms in the list, one Sb and six F atoms. Notice that
although all seven atoms are in the same unit cell (555), the symmetry operators for the
atoms selected might have been difficult to determine manually. You are finished here so
enter 'X'. Asyou exit from this menu ORTEP writes this atom selection list on the
experiment file so that when you reenter ORTEP later they are read automatically.

Enter ORTEP command (<?> B, CEL MNP RS T, UV,Q >

You are now in the main ORTEP menu. This menu was skipped earlier when ORTEP
found that no atoms had been selected for drawing. Enter'CR' to seethe help listing.

CRTEP conmands:
<?> - Type this help listing
B - Edit bond sel ection controls
- Select origin at centroid & give best view
e - Choose ellipsoid style e
- List structure data
- Build or nodify structure nodel
- Select a new phase n
- Plot nodel
r - Enter axis (x,y,or z) and angle for rotation of current draw ng
r - Enter axis (x or y) and angle for stereo rotation of current draw ng
- Select title & | abel options
- Enter viewpoint
v - Enter reference vectors "u" & "v"; resets transformation matrix
- Qit ORTEP
Enter ORTEP command (<?>, B, CEL MNP, RS T, UV,Q >

D QO >

cC C

C
E
L
M
N
p
R
S
T
u
\
Q

The commands listed here allow you to position the object for drawing by selection of
reference vectors or rotation from the previous orientation. There are also commands that
determine the ellipsoid style for the atoms and permit labeling of the atoms. Y ou need,
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however, to complete the model by instructing ORTEP how you want the interatomic
bonds to be drawn. Enter 'B' for bond selection.

There are no bond sel ection controls
At om nanes:

1 SB(1) 2 q2) 3 F(3) 4 RGN 5 CENTER
Enter bond sel ection coomand (<?>,1,L,X) >

ORTEP informs you that no bond information is present , lists the atom names and gives
ashort menu. Enter 'CR' to see the help listing.

Bond sel ection editing commands:

<?> - Type this help listing

| - Insert bond sel ection control

L - List current bond selection controls
X - Exit bond sel ection

Enter bond sel ection coomand (<?>,1,L,X) >

Y ou want to make abond sdlection so enter'l' to start.

Enter first origin atom nunber >

ORTEP draws bonds from one set of atomsto another set of atoms when the interatomic
distance falls within arange of distances. Y ou first haveto select the origin set of atoms
for the bond drawing. Enter'1' so that the bonds are drawn from the Sb atom.

Enter last origin atom nunber >

Y ou need to terminate the list of origin atoms, enter'1'.

Enter first target atom nunber >

Next you have to select the range of target atoms for the bond drawing. Enter'3' so that
the bonds are drawn to the F atoms.

Enter last target atom nunber >

Again the target atom list must be terminated, enter'3'.

Enter bond type (<1>,2,3,4,5) >
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ORTEP now wants an indication of how the bond isto be drawn. The bond is drawn
with "bond type"* 2 number of lines. Enter'3' so that six lines are used for each bond.

Enter min. (>0.0) and nmax. bond length & radius >

ORTEP now wants the range of distances to use for selecting the bonds to be drawn. It
also wants the radius of the stick that is drawn to form the bond. All of thesearein
Angstroms. Enter'1 2 0.02' to draw bonds 0.04A thick between 1.0 and 2.0 A long.
When you are used to the input of the bond selection controls all eight of these values can
beentered onasingleline(i.e'l 1 3 3 3 1 2 0.02).

Enter bond sel ection coomand (<?>,D/1,L, X >

To see the bond drawing control you have entered, type'L".

Bond sel ection controls:
No. Qi. ANR Tar. ANR Type Dmn Dnmax Radius
1 1 1 3 3 3 1.0000 2.0000 O0.0200
At om nanes:
1 SB(1) 2 2 3 F(3) 4 CRAN 5 CENTER
Enter bond sel ection coomand (<?>,D/1,L, X) >

Thisisthe only bond control needed so enter' X' to leave thismenu. ORTEP writesthis
information on the experiment file.

Enter CORTEP command (<?> B, CEL MNP RS T, UV,Q >

The next step isto set the viewing direction for the SbRs~ ion. The "best” view is one that
looks through the thinnest "diameter” of the molecule. To get the best view enter the'C'
command.

Do you want the best view of the rmodel (<Y>/N? >

Respond with a'CR’, abest view through the ion is selected for drawing. After this
command is done then any of the other positioning commands (R’ or 'V') may be used to
further refine the viewing direction.

Enter ORTEP command (<?> B, CEL MNP RS T, UV,Q >

Next you want to select the ellipsoid style, enter'E'.
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Enter ellipsoid style (<?>, A B, CD and scale >

You may enter 'CR' to seethe help listing here, the'A' option displays the ellipsoidsin the
cross-hatched octant style so commonly seen in crystallographic publications.

Enter ellipsoid probability (default = 0.50) >

ORTEP now asksfor the probability value that defines the ellipsoid surface to be plotted
for each atom. To take the default enter /'.

Enter CORTEP command (<?> B, CEL MNP RS T, UV,Q >

The drawing is now ready to be plotted, enter 'P' and the plot will immediately follow.

Asusua enter 'CR' to get the next prompt.

Enter ORTEP command (<?> B CEL MNP, RS T, UV,Q >

Y ou may wish to further explore the features of ORTEP. We recommend that you try
different orientations, viewing positions and distances. Try the labeling options
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('T' command) especially the cursor controlled atom labeling feature. To exit from
ORTEP enter 'Q'.

CRTEP has fi ni shed
The experiment is OXONUM creation date = 4-NMAY-1994 16: 28: 08. 62
M ST: : GSAS Command? >

This completes the third exercise. Many of the GSAS programs used in this exercise
wrote information to alist file. Y ou should examine it with theGSAS utilitiesEL ST,
TLST and SLST.
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Mathematical Basis
I ntroduction

In this section of the technical manual we describe the mathematical functionsused in
GSASfor the computation of various quantities and indicate the principal locations of the
associated algorithmsin the code. The routine names are in bold face.

Structure Factors

The structure factors, Ry, for both single crystal and powder data are computed in the
standard way from atomic coordinates, atom form factors and temperature factors and the
same expressions are used for both x-rays and neutrons. For the powder case, thereisa
set for each phase (p) in each histogram (h). The expression isthe usua complex quantity

Fp,h = Ap’h + |Bp,h

where A and B are the cosine and sine parts of the structure factor (see below). If the
structure is centrosymmetric and the inversion center is located at the unit cell origin then B
iszero. Because of this simplifying process the space group routinesinGSAS always
place the inversion center at the origin. Since the observed intensity is related to the square
of this quantity, the expression

Fc2=A2+ B2

iscaculated for al diffraction data. Given that the atomic X-ray form factors also include
anomalous dispersion contributions and are modified by atomic site fraction (x) and the
thermal motion correction (T" - see below)

f=xT"(fo + ' + if")

the expressions for A and B are then broken down into three components each

A=Ag+A'-B"

B=By+B +A"

where

Ag= ZXiT"ifoiCOSZT[h-I’ Bo = zxiT"ifoisi n2mth-r
i i

A= ZXiT"if'iCOSZT[h-I‘ B' = inT"if'isinZHh-r
i i

A" - ZXIT"If"ICOSzT[hr B" = ZX|T"|f"|Sn2T[hr
i i



PAGE 116 GSAS TECHNICAL MANUAL 9/2/94

and the sums are over the unit cell contents. For neutrons the expressions are the same
except that the form factors are generally just rea scattering lengths (k). A few elements
and isotopes show anomal ous scattering so

f=xT"(bo +ib)

In the powder case the averaging process means that the intensity for asingle reflection
includes contributions from Friedel reflection pairs. Thus the above components must be
differently combined for the single crystal case to represent the powder intensity

F2 = (Ag+A")2 + B"2 + (Bo+B')2 + A"2

In GSAS the atomic coordinates, site fractions and thermal motion parameters are refinable
guantities. In addition, the anomalous dispersion contributions (f' and ") for X-rays are
also refinable.

The temperature factors are expressed as either Ui, or Uj; where the thermal correction to
the structure factor is either

T" = e -(8MU;g,Sin 20/72)
for isotropic thermal motion or
T =ze -[2T[2(u11h2a*2 +...+ 2u12hka* b* +.. Il

for anisotropic thermal motion. Alternative forms for the temperature factors which may be
more familiar are Bjs, and pj; where

Biso = 8mUigo
and
Bij = 218" & Ujj

The structure factors and their derivatives for x-rays and nuclear scattering of neutrons are
calculated by subroutine STRFCTR for both powder and single crystal data.

Additionally, neutrons may also be scattered by ordered magnetic moments on some of the
atomsin acrystal structure. InGSAS we assume that the neutron beam is unpolarized,

i.e. the neutron spins are randomly oriented with respect to the diffraction vector. Thus,
the total diffracted intensity isasimple sum of the nuclear and magnetic scattered intensities
F2=F2nyc + I:2mag

The structure factor for magnetic scattering depends on both the magnitude of the magnetic
cross section (p) and the magnetic interaction vector (). Thusthe structure factor is

Fmag = ZQipieznjh'Xi
i
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which isavector quantity and the sum is taken over all the magnetic atomsin the unit cell.
Since there is no polarization, the magnetic scattered intensity is simply the square of the
magnitude of Frag. The magnetic cross section is afunction of the magnitude of the
magnetic moment (S) and the magnetic form factor (fy,) for the magnetic atom

p = 0.54Sf, x 1012 cm

and the magnetic interaction vector for the jth atom depends on the unit vector (g) for the
scattering vector (h) and the unit vector for the magnetic moment on that atom(Kj)

gj = e(e’Kj)-K;
Magnetic structure factors and derivatives are calculated iInMAGSTRFCTR.

Atom input and output in GENL ESis handled by the subroutinesATM SINP and
ATMSOUT, respectively. There are several atom editing routines all called by
EDTATM in EXPEDT. The X-ray anomalous dispersion coefficients are edited as
overall parameters by EDTFFAC.

Total Powder Diffraction Profile Intensity

The total normalized profile intensity, I, at any point in a powder diffraction pattern has
contributions from the nearby reflections and from background scattering. The reflection
contributions are calculated from the structure factors and are corrected for all geometric
and sample dependent factors such as absorption, extinction, preferred orientation, etc.
The background is modeled with awell behaved empirical function. The general
expressions for the intensity of TOF data are

| —Ilio
0™ WI;

or for CW data

and

lc=1p+ Sh Y SphYph
P

where |'g is the number of counts observed in a channel of width W, |j is the incident
intensity, I, is the background value, $ isthe histogram scale factor, S, isthe individual
phase scale factor within an histogram and Yp p, is the contribution from the b reflection of
the pth phase. The two scale factors are useful for the analysis of multiphase mixtures. A
weight, w, is assigned to each I from consideration of the variancesin both I'y and I;.
The sum is over those reflections from all phases in the sample that are sufficiently closeto
the profile point to make a significant contribution. Each of the termsin this expression
will be discussed below. The computation of the total intensity and final assembly of its
derivativesis done in subroutine PDCALC.
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Incident Intensity Function

Theincident intensity, I;, for atime of flight (TOF) powder diffractometer can be measured
by placing anull coherent scatterer such as vanadium in the normal sample position and
then recording the spectrum observed by each of the counter banks. Alternatively, the
incident spectrum can be obtained from alow efficiency beam monitor. Usually these
spectra are used without correction for absorption or detector efficiency to determine the
incident intensity. The lack of a detector efficiency correction in the neutron TOF caseis
exactly compensated because the powder diffraction datafrom a sampleis collected with
the same set of detectors. The lack of an absorption correction is compensated largely by
the refinement of the sample absorption factor (see below). Theincident intensity for a
TOF diffractometer is represented by one of five possible functions each with a maximum
of 11 or 12 coefficients. Only three of these functions are suitable for synchrotron x-rays;
however, the usual procedure isto normalize synchrotron data point-by-point before
processing by GSAS and not use the fitted incident intensity (see the section onGSAS
Standard Powder Data File). These coefficients are determined by fitting to the
measured incident spectrum,; thisis done by the program FITSPEC. It writesto an
instrument parameter file the coefficients, estimated standard deviations (esd's) and the
correlation matrix from aleast squares fit. POWPREF uses this information to calculate
the incident intensity and its esd for every point in a powder diffraction pattern. Thisesdis
used to adjust the weight assigned to each profile point for the uncertainty in the calcul ated
incident intensity.

The 'TYPE 1' function is a sum of exponentials of TOF (T) in millisecondsor 22 in
degrees.

i = Py + Poe~-(P3T) + pye-(PsT?) + . .

This function has a maximum of 11 coefficients. The 'TY PE 2' function replaces the
second term in the above function with a Maxwellian expression; again TOF isin
milliseconds. Thisfunction is not suitable for x-rays.

li = Py + Poe (Pa/T2)/75 + pye-(Ps* T2 +

Again thereisamaximum of 11 coefficients. The coefficient P; in this function and the
‘TY PE 4' function shown below can be used to calculate an effective moderator
temperature.

_ 2.374x10°4C2
~ P3sin2e

where C is the diffractometer constant (DIFC). Thistemperatureisusually 10-20K higher
than the real temperature when the intensity data has not been corrected for absorption or
detector efficiency. The TYPE 3' function isa 12 term Chebyschev polynomial of the first
kind ("Handbook of Mathematical Functions,” M. Abramowitz and I.A. Stegun, Eds., Ch.
22).

12
li=5PTj1
=1
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where T'j-1 are the coefficients of the Chebyschev polynomial taken from Table 22.3, p
795 of the Handbook. Each coefficient is of the form

i-1
T'n = Zmem

m=0

and the values of Cyy, arelisted in the Handbook. These coefficients are generated in
subroutine IFUNADV. The TOF or 20(T) is converted to X to make the Chebyschev
polynomial orthogonal by

X = (2T) -1

Given that the usual range of TOF is 1 to 100 millisec and 20 isfrom 2° to 175" then X
ranges from about -1 to +1 which is the orthogonal range for this function. The TYPE 4'
incident intensity function has a Maxwellian term and part of the Chebyschev polynomial
used for TYPE 3. Itisnot used for x-rays.

P> 2, 12
li=P1+ ﬁe'(Ps/T ) + j§4PjT'j_3

Again T is TOF in milliseconds and T’ are the coefficients of the Chebyschev polynomia
of thefirst kind. The TYPE 5' function isthe same as 'TY PE 3' except that X is defined
as

X =T/10

The TYPE 3, 'TYPE 4' and 'TYPE 5' functions have a maximum of 12 coefficients.
For constant wavel ength data with no incident spectrum, a'TY PE Q' incident spectrum is
used and has no coefficients; thisgives l; = 1.0 for al data points and ol is taken only
from lo. The subroutine HSTPROC in POWPREF reads the incident spectrum
parameters, computes the values by calling NAWCAL and places thisinformation with
the observed pattern on the histogram file. INAWCAL a so provides the appropriate set
of derivativesfor use by FITSPEC. The histogram file is processed by GENLES using
the subroutine PDCALC.

Background Functions

There are currently six background functions available in GSASfor fitting to powder
diffraction data. Each function has a maximum of 36 possible coefficients athough in
vitrually al casesfar fewer will sufficeto fit the background in a powder pattern. Infact,
an attempt to use alarge number of background coefficients will usualy fail in an
unpredictable way. Thefirst function is the 'Chebyschev polynomial of the first kind' and
issimilar to that used for the incident spectrum 'TYPE 3. A conversion is applied it make
the Chebyschev polynomial orthogonal:

Z(T'Tmin) -1

X =
Tmax-Tmin
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where Tmin and Tmax are the actual range of dataused in the calculation. T isin
milliseconds TOF or degrees 20. Then the background intensity is calculated from

36
b= YBjTj-1
=1

The coefficients T'j are the same as those for the "TY PE 3'incident spectrum and the
values of B;j are determined by |east squares during the Rietveld refinement of the powder
pattern. The second background function is a cosine Fourier series with aleading constant
term.

36
Ip = B1+ Bjcos (P(j-1))
1 J; j

In the case of CW data P isin degrees 20 and isjust the detector position for the step. For
TOF datathe times are scaled by 180/TMAX, where TMAX is the maximum allowed by
the incident spectrum. This function appears to be more robust than the Chebyschev
function for both CW and TOF data and thus is chosen as the default.

The third function uses a straight line for the first part and the major features of area space
correlation function for the remainder. Thus this background function can model diffuse
background from an amorphous phase in the sample or the background from a quartz
sample holder. Thefunctionis

17
_ B2i+1sin (QB2i+2)
Ilhb=B1+B-oT+
b= B17E2 Z QB2j+2
where
Q= 2r/d

The d-spacing is computed for each point from the TOF or 29 and the diffractometer
constants (see below). The values of Boj+2 correspond to interatomic distances in the
amorphous phase. To assist the user in estimating these values, POWPL OT has an
option for plotting both the modified residuals and the correlation function from the profile
deltas; the Byj+2 can be picked off the latter plot.

The fourth function is designed to account for background contributions that increase with
Q. The principa contributor of thiskind isthermal diffuse scattering so thisfunction isan
expansion of the exponential

36

2(j-1)
lp= ZBJ' %_1)!
J:
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The fifth function accounts for background contributions that tend to rise at small Q. In x-
ray scattering the principal contribution of thistypeisfrom air scatter in the vicinity of the
sample. Thisfunction isassumed to be effectively the reciprocal of the previous one

36

b = ZBJ Szﬁ)b
J:

The sixth function is then amixing of the previous two functions which can account for the
background contributions at both low Q and high Q.

17
_ Q2 .l
lp = B1+ JZ%ZJ Tt Bajna @%

Thisfunction is generally useful for both x-ray and neutron powder data although it may
require afew more termsto get a satisfactory fit to the background. All three of these latter
functions use the same definition for Q that is used for the third function.

Except for function #3, these background functions are normally quiteflat. Thereis
usually only adlight curvature arising from the thermal diffuse scattering from the sample.
Larger background contributions will be fitted by these functions given sufficient terms,
but short period fluctuations not associated with an amorphous phase cannot be fit very
well. Inthat case the fixed background subtraction feature of GSAS must be used for the
fluctuating component of the background with the remainder fitted with one of these
functions. Examples of background problems include frame overlap peaksin aTOF
pattern, miscellaneous peaks from sources outside the experiment and unaccounted extra
phases. In the case of extra Bragg peaks from other phasesin the sample, it is better to
insert the phase explicitly and fit it as part of the crystallographic model. Using too many
background terms may seriously degrade the quality of some other parts of the least
squares model. In particular refinement of atom thermal parameters and some profile shape
parameters may become very unsatisfactory because a very complex background function
may begin to model parts of the Bragg peak intensities. Thusit is best to use the minimum
number of background terms that give a satisfactory fit. The background coefficients are
edited by subroutine EDTBAK and the input, output and calculationsinGENLES are
done by BACKINP, BACKOUT and BACK CAL, respectively. The routine
CALCBAK isusedin POWPLOT for subtracting calculated background.

Bragg Intensity - Yp

The contributed intensity, Y h, from a Bragg peak to a particular profile intensity will
depend on several things. Obvioudly the value of the structure factor and the amount of
that particular phase will determine the total contribution. In addition, the peak shape and
width in relation to its position will also have an effect. The intensity is aso affected by
extinction and absorption as well as some geometric factors.

Yp’h = sz'hH(T'Tp,h)Kp'h
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where Fp 1y is the structure factor for a particular reflection, H(T-Tp ) isthe value of the
profile peak shape function for that reflection at a position, T, displaced from its expected
position, Tp h, and Kp 1y is the product of the various geometric and other correction factors
for that reflection. In GSAS all of the applicable correction factors are applied to the Bragg
intensities so that the resulting scale factors are proportional to the number of unit cells of
each phase present in the sample. Moreover, the corrections include the angular effects to
produce scale factorsin a TOF experiment that are independent of scattering angle. The
reflection position independent information and associated derivatives for powder data are
assembled by subroutine REFL IN and written to a 'window' array which is read by
PDCAL C asthe profile points are processed.

Intensity Correction Factors

The intensity correction factors, Kp h, consist of those factors which are dependent on the
sample, the instrument geometry, and the type of radiation used.

where Ep 1 is an extinction correction, Ay, is an absorption correction, Gy is the preferred
orientation correction, Mp is the reflection multiplicity, L isthe angle dependent correction
(Lorentz-polarization), and V, is the unit cell volume for the phase. These corrections and
their derivatives are assembled in REFLIN and are dependent only on the reflection. Each
will be discussed in turn below.

Extinction in Powders
The extinction in powdersis calculated according to aformalism developed by Sabine, Von
Dreele and Jorgensen (T.M. Sabine, Aust. J. Phys., 1985, 38, 507-18 & T.M. Sabine,
R.B. Von Dreele & J.-E. Jorgensen, Acta Cryst A44, 374-379, 1988) and is a primary
extinction effect within the crystal grains. The extinction correction 1, is a combination of
Bragg and Laue components
Eph = Epsin 20 + Ejcos 20
where
Ep = 1/V1+x

and
2 3
E|:1-§+%-%...forx<1

or

=2, 1 3 15
SR S . ] forx>1
=V L i o 100w 1 TOrX

where
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x = Ex(A\FIV)2

where F is the calculated structure factor and V isthe unit cell volume. The units for these
expressions are such that Ey isin pm? and is a direct measure of the mosaic block sizein
the powder sample. Thereisavalue of the coefficient E; for each phase in each histogram
in a powder mixture. The powder extinction coefficients are input and output by
EXTPINP and EXTPOUT, respectively; the function and its derivative are calculated by
EXTPCAL. Editingisdonein EDTEXTP.

Powder Absorption Factor

Several powder absorption functions are available inGSAS. In thefirst one, the
absorption, Ay, for acylindrical sampleis calculated for powder data according to an
empirical formula (A.W. Hewat, Acta Cryst., A35, 248, 1979 & K.D. Rouse, M.J.
Cooper, & A. Chakera, Acta Cryst., A26, 682-691, 1970). It isassumed for TOF data
that the linear absorption of all componentsin the sample vary with L/velocity, and it is
indistinguishable from multiple scattering effects within the sample. For constant
wavelength data the absorption coefficient, Ag, is related to the value for 1A neutrons; the
correction is indistinguishable from thermal motion effects and should not be refined. For
X-ray datait is suitable only for data taken in the Debye-Scherrer geometry on aweak
absorber; it should not be used for Bragg-Bretano or other flat plate geometries.

An = e (-T1ABNToAg??)
where

T1 = 1.7133-0.0368sin 20
and

T =-0.0927-0.3750sin 20

The second function isasimple linear absorption which is useful for the neutron case
where the beam suffers substantial absorption by passing through sample containment
vessels, etc.

Ap= e-AgA

The third and fourth absorption functions are two forms for the surface roughness effect
that is prevalent in Bragg-Brentano x-ray diffraction geometry. These two functions have
two refinable coefficients, Ag1 and Aga. Surface roughness can strongly reduce the
intensity of Bragg reflections at low scattering angles and is caused by a gradient in the
sample packing density as afunction of depth. Samples with high absorption are more
susceptible to surface roughness effects and if not corrected can yield negative temperature
factorsin the crystal structure results. Function threeisa"normalized” form of the
function described by Pitschke, Hermann and Mattern (Powder Diffraction, 8,74-83,
1993).

_ 1-Ag1(1/sine - Ago/sin 20)

An 1-Ag1tAB1AB2
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Function four is anormalized form of the empirical function proposed by Suortti (J. Appl.
Cryst. 5, 325-331, 1972).

_Ap1+(L-Agye -Apo/sine

A
"7 Ap1+(1-Apr)eAB2

The two surface roughness functions give essentially identical results, however, the
Suortti function is better behaved at low (<20° 20) scattering angles.

The absorption coefficients are input and output by ABSCINP and ABSCOUT,
respectively; the function and derivative are calculated by ABSCCAL. Editingis
performed by EDTABS.

Preferred Orientation of Powders

The preferred orientation correction, Gy py, isthe formulation of Dollase and March
(Dollase, W.A. (1986). J. Appl. Cryst. 19, 267-272 and March, A. (1932). Z. Kristallogr.
81, 285-297). Itisapplicable for both needle and plate shaped crystals and is explicitly
correct when the sample has cylindrical symmetry along the diffraction vector and isa
reasonabl e approximation when the cylinder axisis perpendicular to the diffraction plane.
Thus, it covers the two most common diffraction geometries for powder diffraction;
Debye-Scherrer geometry as used in neutron diffraction and Bragg-Bretano geometry as
used for most X-ray powder diffractometers. It isespecialy effective when the sampleis
rotated about the appropriate axis to ensure cylindrical symmetry. The refinable coefficient,
Ro, gives the effective sample compression or extension along the cylinder axis due to
preferred orientation. |If thereis no preferred orientation then Ry=1.0.

n
Oph= Z (Ry2cos 2Aj +sin 2/A\J'/F\’o)'3/2/M p)
=1

where Aj isthe angle between the preferred orientation axis and the reflection vector b,
The sumis over the reflections equivalent to hy. It is assumed that the preferred orientation
axisfor the sample lies either preferentially normal to the diffraction plane or coincident
with the diffraction vector. The value of the coefficient will depend on both the diffraction
geometry and the crystallite shape. If acylindrical sampleisused so that platy crystals
would be expected to pack normal to the diffraction plane R, will be greater than one. For
aflat plate sample, platy crystals are expected to pack normal to the diffraction vector and
Ro will be lessthan one. For needle-shaped crystals the reverse relationships for the value
of Ry are obtained. A second form for the preferred orientation correction uses the March-
Dollase formulation for a cylindrically symmetric distribution which is oriented to be
parald to theincident beam. For both functions, it is possible to define a set of multiple
preferred orientations for each phase. Thus, each orientation has two coefficients, R, and
fo; fo isthe fraction of crystallitesthat are associated with a particular orientation axis. The
values of g are forced to sum to 1.0. The routines for input, output and calculation are
PRFOINP, PRFOOUT and PRFOCAL, respectively. The editing is done by
EDTPRFO and has facilities for selection of the preferred orientation axes as well as
editing the coefficient and refinement flag.
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Reflection Multiplicity

The reflection multiplicity, Mp, as determined by symmetry is computed when the
reflection set is generated by POWPREF and is written on the reflection file along with
the Miller indices and other relevant values associated with each reflection. The reflection
generation is done by REFGEN and REFGEN1 which produces the unique, space
group allowed set of reflections for all possible 3-dimensional space groups.

Angle Dependent Corrections
The angle dependent corrections for powder diffraction include the Lorentz factor for both
neutrons and x-rays and the polarization factor for x-rays. For TOF neutron datathereis
an additional factor for the variation of scattered intensity with wavelength. For TOF
neutrons
L=d¥sine
for constant wavelength neutrons

_ 1
" 2sin 20c0s ©

and for x-rays there are three functions. Thefirstis

_ Pny+(1-Py)cos 220
L= :
2sin 20c0s 0

the second is suitable for x-ray diffractometers with an incident beam monochromator in
paralel geometry

L = Phcos 220+1
sin 20c0s 0

and the third isfor a diffracted beam monochromator also in parallel geometry

L = 1+Phcos 220
(1+cos 220)sin 20co0s ©

where Py, is arefinable polarization fraction defined for each x-ray powder histogram.
These terms are calculated in DIFSCAL.

Profile Peak Shape Function

The contribution a given reflection makes to the total profile intensity depends on the shape
function for that reflection profile, its width coefficients and the displacement of the peak
from the profile position. The locations of the peak are given in microseconds of TOF or in
centidegrees 20. Discussion of these valuesis given first followed by details of the peak
shape functions presently installed in GSAS.
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Neutron Time of Flight

For aneutron time-of-flight powder diffractometer the relationship between the d-spacing
for aparticular powder lineand its TOF is

Tph = DIFC dy + DIFA d?, + ZERO.

The three parameters DIFC, DIFA and ZERO are characteristic of agiven counter bank on
a TOF powder diffractometer. The values of these constants as used inGSASyield TOF
inusec. DIFC may be calculated with good precision from the flight paths, diffraction
angle, and counter tube height by use of the de Broglie equation.

DIFC = 252.816-2sine(L1+VL22+L3%/16 )

where @ isthe Bragg angle, L1 isthe primary flight path, Lo is sample to detector center
distance and L3 isthe height of the detector; al distances arein meters. The units of DIFC
arethen psec/A. These coefficients are also slightly affected by the choice of profile
function (see below). Precise valuesfor constants DIFC, DIFA and ZERO must be
obtained by fitting to a powder diffraction pattern of a standard materia; thisfacility is
availablein GSAS. These coefficients are read by GENL ESin subroutine DIFSINP,
they are output by DIFSOUT and the calculation of the functions and derivativesis done
by DIFSCAL. They are edited by subroutine EDTDIF in EXPEDT.

Neutron and X-ray 20
The reflection position in a constant wavelength experiment is obtained from Bragg's Law.
A= 2dpsn C]

where ) isthe wavelength. In GSAS the powder diffraction profile positionsarein
centidegrees 20. Thus, the expression for the reflection position is

Tp,h = 200asin (Ay/2dp) + ZERO

In the case of neutron diffraction the GSAS system requires asingle value for A (called
LAM1inthe code) and the ZERO value. Thisvalue of A is obtained by fitting the powder
pattern of a standard having awell known set of lattice parameters. For x-rays two values
of A\p can be used (called LAM1 and LAM?2) along with the ZERO value. For conventional
sources these wavelengths are well known and are tabulated in many references; however
for synchrotron sources a calibration of the single wavelength with a standard sample can
be performed. If both LAM1 and LAMZ2 are present they can not be refined. The intensity
associated with LAM2 is normally assumed to be 1/2 the intensity of LAM1 in accord with
theoretical expectations for K x-ray radiation emission from alaboratory source. However,
thisratio (called KRATIO) can aso be refined for those cases where the instrument optics
have modified the Kao/Kaq ratio. The same routinesin EXPEDT and GENL ES that
handle the TOF instrument parameters DIFC, DIFA and ZERO also handle LAM1, LAM2
and KRATIO.
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Profile Functions

Each type of powder diffraction data has its own set of profile functions, H[T-Tp n];
currently there are asmall number installed in GSAS for each type of histogram which are
discussed in turn. In all casesthe input and output of the profile coefficients are done by
PRFCINP and PRFCOUT, respectively. The calculations are grouped together in
PRFCCAL which calls specific routines for each function. The editing is handled by
EDTPRF which calls routines specific to the powder data type.

TOF Profile Functions
There are currently three TOF profile functionsinstalled inGSAS. Thefirst oneisthe
function (J.D. Jorgensen, D.H. Johnson, M.H. Mueller, J.G. Worlton & R.B. Von
Dreele, Proc. Conf. on Diffraction Profile Anaysis, Cracow, 14-15 Aug., 1978, 20-22;
R.B. Von Dreele, J.D. Jorgensen & C.G. Windsor, J. Appl. Cryst., 15 581-589, 1982;
R.B. Von Dreele, unpublished).
H(AT) = N[eVerfc (y) + eVerfc (2)]
where AT isthe difference in TOF between the reflection position, Tp 1, and the profile
point, T; the terms N,u,v,y and z are dependent on the profile coefficients. The function
erfc isthe complementary error function (see "Handbook of Mathematical Functions,” Ch.

7). Thisprofile function isthe result of convoluting two back-to-back exponentials with a
Gaussian.

H(aT) = [G(aT-1)E(r)dt
where

E(r) =2Ne9T fort <0
and

E(r) =2Ne-Ptfort>0

for the two exponentials; a and g are the rise and decay coefficients for the exponentials.
The Gaussian function is

G(T-1) =+ e-(8T-1)%/202
V21162

The Gaussian variance is the coefficient o2. These functions when convoluted give the
profile function shown above. The normalization factor, N, is

N =528 o
2(a +p)
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The coefficientsu,v,y and z are

u= %(0(02 + 2AT)

v=5(p02 - 24T)

_ac2+ AT

V202

Z:BGZ-AT

202

Each of the three coefficientsa, g and o2 all show specific dependence on the reflection
d-spacing. Inthe case of o2 there are terms for anisotropic broadening that depend on the
angle ¢ between hy and a broadening axis.

a=oag+ai/d
B=po + py/d*
02 = 0o?2 + 61202 + 022d4 + (0pe? + 016202 + 02e2d4) oS 2p

In addition, the AT is modified to accomodate the isotropic, €j, and anisotropic, e, Strain
induced displacement of the diffraction lines from their positions expected from the lattice
parameters by

AT = (T-Tp ) - €id - egdcos @

Thus the profile function has twelve coefficients (ag, a1, Bo, B1, 002, 012, 022, Goe?, 0162,
022, & and eg) which are refinable by GENLES. Within GSAS these parameters are
narnw llal p_OII' Ilal p_]-Il’ "bd—o", n bet_lll’ IIS' g_OII’ IIS' g_1II, llg'g_zlll Ilw&:"’ Ilsla:lll IISZ&:II’
"rstr' and "rsta’, respectively. These parameters are sensitive to the scattering angle and
any possible sample broadening effects; there is a set of these for each phase and each
powder pattern.

The second TOF profile function has been developed by W.I.F. David and R.B. Von
Dreele (unpublished) and incorporates the moderator pulse shape of S. Ikeda & J.M.
Carpenter, Nuc. Inst. and Meth., A239, 1985, 536-544. The Ikeda-Carpenter functionis
composed of a convolution of two functions; the first represents the slowing down
spectrum from the moderator

3
Sk(1) = % 12g 0T

and the second is amixing of as-function and an exponentia decay:

Rk(1) = (1-R) 3(1) + Re Pt
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The two parts describe the leakage of fast and dow neutrons from the moderator and have
‘fast’ and 'slow' decay constants, o and B, respectively, which are related to the moderator
material and dimensions. The mixing coefficient, R, isrelated to the moderator
temperature. The result of the convolutionis

k() = [Sk(Rk(t-1)drt

0 = G[-Rieot+ PR Lt [1+i(ap)+ L a-p2e ]

In GSAS an alternative form of this function is used to smplify some of the mathematics

(1) = (1—R)a(21;2(2)[e -at(1-K) + e'at(1+k)-2e'°‘t] +

Rop(1-kA[2a%k2 | ot 1 t(1+k) - L o -at(1+k) 4 2 -t]
o2 Xyz eB-Ze at( )-Xe at( )+ye°‘

Where k is a perturbation coefficient (=0.05 inGSAS) and

X = a(1-k)-p

y=a-p

z=a(1+k)-B

This function is convoluted with a pseudo-Voigt to give the full peak shape function
H(AT) = [P(aT-t)l(t)dt

The pseudo-Voigt is defined as alinear combination of a Lorentzian and a Gaussian
P(t) = nL(t,r) + (1-n)G(t,r)

The Gaussian function is defined above and the Lorentzian function is

L0 =3 722+ 2]

The mixing factor, n, is given by P. Thompson, D.E. Cox & J.B. Hastings, J. Appl.
Cryst.,20,79-83, 1987 as afunction of the total FWHM () and the Lorentzian coefficient

(v)
n = 1.36603(y/r) - 0.47719(y/r)2 + 0.11116(y/T)3

where T isafunction of the Gaussian FWHM (Fg) and y

5
F=Vrgd + 2.69269 gl + 2.42843 [ 432 + 4.47163 I g2y3 + 0.07842 [gy* + 5
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and the Gaussian FWHM is

rg = 080'2“'] 2

Thus the two convolutions between the |keda-Carpenter function and a Gaussian and
Lorentzian are needed. The Gaussian part is

G'(aT) = [G(aT-t)I(t)dt
or

. 1-k2)[ 2Ra2pk?
G(ot) = *CEI 2R B +

{1- RN pguy + f1- RN g - of 1

Y h@s)]

and

h(g,r) = e (@*+erfc ()

where
_-AT?
9 202
_ Ba2-AT <= a02-AT
ov?2 oV 2
U= a(1-k)-aT v a(1+Kk)-AT
ov?2 oV 2

The Lorentzian part is also obtained by integration
L'(aT) = [L(AT-t)Ik(t)dt

or

L'(aT) = g(nl](-;)((?/)z [ZRaszzl () +
yz{ x-Ra(1-K)} 1 (p(1-K)) + xy{ z-Ra(1+k)} I (p(1+K)) - 2xz{y-Ra}I(p)]
where

1(q) = Im[e 9E1(q)] (i.e. imaginary part of e d times the exponential integral of q)

and
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io [
p=-aaT+5) q=-paT+ 5

The profile coefficients are defined by

_ 1
4= aotalh
B=1Bo

R = o-(81.799/kA2)
62 = 62 + 07202 + 024
Yy =vyo + y1d + y2d2 + (y1ed + y2e0d2)cos ¢

This function currently has 15 parameters (ag, a1, Bo, K, 602, 612, 622, Yo, Y1, Y2, Yies
y2e, DIFC, DIFA and ZERO) and is still under development. DIFC isincluded to
compensate for the offset in the peak location from that used for the first and third TOF
functions. In thisfunction the peak location is where the Ikeda-Carpenter function first
rises from zero, i.e. at the front base of the profile. The other functions have the peak
location at the junction between the exponentials, i.e. just to the low TOF side of the peak
top. A weakness of thisfunctionisthat it only suitable for data taken with very short
detectors. Usually the detector banks are made up of arank of 3He tubes which are 6-12"
long and the peak profile displays a sharp rise from the geometric effects from this tube
length. The names of these coefficients withinGSAS are "alp-0", "ap-1", "beta’,
"switch", "sig-0", "sig-1", "sig-2", "gam-0", "gam-1", "gam-2", "stec", "ptec”, "difc",
"difa", and "zero", respectively.

Thethird TOF profile function is an extension of the first function to include the generally
L orentzian broadening exhibited by most samples. Thus, the anisotropic broadening terms

have been assumed to be Lorentzian. It isaconvolution of the back-to-back exponentials
used in the first function with the pseudo-Voigt used in the second function.

H(aT) = [E(aT-t)P(t)dt
H(aT) = (Ln)N[e Uerfc (y) + eVerfc (2)] + “n" {- Im{e PE1(p)] - Im[e 9Ex(c)]}

where N, u, v, y and z are defined as in the first function and p, g andn are defined asin
the second function. The profile coefficientsa, g and o2 are defined in ways similar to the
two previous functions

a= ai/d
B=Po+pr/d*
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For they profile coefficient an additional type of broadening isintroduced where two
classes of reflections can be defined. Those that fall on a sublattice (as defined by three
vectors) have the following expression for they coefficient

Y = yo + y1d + y2d2 + (y1ed + y2ed?)cos ¢

while the rest have the following expression (note the difference in the last coefficient
between these two equations)

Y =vyo + y1d + y202 + (y1ed + y2502)cos ¢

This means that one set of reflections has a different particle size anisotropy than the other
set. This effect is seen when the sample contains stacking faults which will broaden some
reflections leaving a sublattice of sharp reflections which correspond to the substructure
which continues unmodified through the stacking fault. Generally,y>swill be much larger
than yoe. The sublattice is defined by three vectors chosen by the user viathe profile
function'A' option in EDTPRF. Thus, this function has 13 coefficients (a1, Bo, B1, 002,
012, 022, Yo, Y1, Y2, V25 Yie Y2e € and eg). These are named "alp”, "bet-0", "bet-1",
"sig-0", "sig-1", "sig-2", "gam-0", "gam-1", "gam-2", "gsf", "glec", "g2ec", "rstr", and
"rsta’, respectively, within GSAS.

The editing of the coefficients for al three functionsis done by EDTPTPL. Calculations
are handled through PRFCCAL which calls EXPGAUS, IKCARVT and EXPSTVGT
for the three functions, respectively.

Interpretation of TOF Powder Profile Coefficients
The profile coefficients from atime of flight (TOF) neutron powder pattern Rietveld
refinement with GSAS can give information about the microtexture of the sample. This
discussion will describe how this information can be extracted from the coefficients.

Strain broadening

In the reciprocal space associated with a sample with isotropic strain, there is a broadening
of each point which is proportional to the distance of the point from the origin, i.e.

Ad*/d" = constant
In real space (the regime of a TOF experiment) then
Ad/d = constant

for strain broadening. Thus examination of the expression for the Gaussian variance of the
peak shape from a TOF pattern for the first function

02 = 0o2 + 61202 + 022d4 + (00e? + 016202 + 0262d4)cos 2p

implies that the second term contains an isotropic contribution from strain broadening. The
other major contribution to 012 is from the instrument; because it is expressed as a variance,
it can simply be subtracted. The remainder isthen converted to give strain (S) asa
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dimensionless value which is frequently expressed as percent strain or fractional strain asa
full width at half maximum.

S= %\_/ 8ln 2(012 - 01j2) 100%

where C isthe diffractometer constant (DIFC) that relates TOF to d-spacing ando;2 isthe
instrumental contribution. In the case of anisotropic strain broadening, the parallel
component of the strain is calculated from

S, = %\/sm 2(012 + 0162 - 01j2) 100%
The perpendicular component is then
Sp= % V8In 2(612 - 61j2) 100%

For the second and third functions, the sample broadening is assumed to be Lorentzian and
examination of the expression

Yy =vyo + y1d + y2d2 + (y1ed + y2ed2)cos ¢

indicates that strain should affect the second term. We assume that the instrumental
contribution is Gaussian so no correction for an instrumental contribution is needed here

1
S=¢v1 100%
As above, the anisotropic strain can be determined from the two expressions

1
S = C (v1 + y1e) 100%

Sp= % y1 100%

Particle size broadening

In reciprocal space isotropic particle size broadening makes all points the same size
independent of the distance from the origin. Thus,

Ad* = constant

Thereciprocal of this quantity is then the average particle size. Inreal space (for TOF) the
broadening is

Ad/d2 = constant

From the expression for the Gaussian broadening of a TOF peak for the first function, the
particle size affects the third term (022) in the expression. This term generally has no
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instrument contribution and is used directly to calculate the particle size. Sinceitisin
usec?/A2 and is a variance, the particle size (p) then is given by

o= CK
V8In 2092

where C isthe diffractometer constant (DIFC), K isthe Scherrer constant and the units for
paeA. Theanisotropy in the particle size can aso be determined relative to the
broadening axis so that the parallel component is

CK
Py =
V8In 2(022 + 02¢2)

and the perpendicular component is

pg=_ K
V8In 2092

For the second and third functions, the corresponding L orentzian particle size broadening
appearsin the third term so the particle sizeis

_CK

P=,

The anisotropy isthen given by

_ CK
PI=vo + yoe
_CK
PO V2

In the presence of stacking faults, theyos coefficient can be used to obtain the average
distance between faults by

_C
Ps Y2s

where the fault planes are perpendicular to the broadening axis.

Aswas noted for the strain, it has usually been observed that the particle size broadening is
Lorentzian. Thus, it would appear that the third function would best fit diffraction data
taken on high resolution TOF diffractometers with tall detectors.

CW Profile Functions

There are currently just two CW profile functions which are available for both x-rays and
neutrons. Thefirst function installed in GSAS isto be used for low resolution constant
wavelength neutron powder diffraction data and is the standard Gaussian function modified
for peak asymmetry, As, as described by Rietveld and others (H.M. Rietveld, J. Appl.
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Cryst., 2, 65-71, 1969; Cooper & Sayer, J. Appl. Cryst., 8, 615-618, 1975; & Thomas,
J. Appl. Cryst., 10, 12-13, 1977).

H(aT) = N[1 - AT'|aT'|Adtan o]e -AT%/202

the normalization factor, N, is

N = 1/// 2102

and the modified 2o differenceis

AT' = AT + Fq/tan 20

The variance of the peak, 02, varies with 20 as

02 = Utan 20 + Vtan © + W + Fy/tan 4o

Thus there are six profile coefficients U, V, W, Ag, F1 & F> for constant wavelength
neutron data; these are named "U", "V", "W", "asym", "F1", and "F2", respectively in

GSAS. Thisfunction and its derivatives are calculated in M ODGAUS, the coefficients
are edited by EDTPTP2.

The second and considerably more successful function employs a multi-term Simpson's
rule integration described by C.J. Howard (J. Appl. Cryst.,15, 615-620, 1982) of the
pseudo-Voigt, F(AT), described by Thompson, et a. and used above in the second and
third functions for TOF data

n
H(aT) = ,ZlgiF(AT')
1=
where the pseudo-Voigt is
F(AT) = nL(aT'r) + (1-n)G(AT',I)

The mixing coefficient, n, and the FWHM, I, are defined above. The 20 difference
modified for asymmetry, As, and sample shift, S, is

AT' = AT + fjAdtan 20 + S€os 0 + TSin 20

where the number of termsin the sum depends on the size of As. The corresponding
Simpson's rule coefficients, g and fj, depend on the number of termsin the summation.

In the case of Bragg-Bretano geometry for x-ray powder diffraction, the sample shift in can
be interpreted as a physical shift of the sample, s, from the diffractometer axis by

_-TRSs
S = 36000

where R isthe diffractometer radius. In asimilar way, the effective sample absorption can
be obtained from the transparency coefficient, Tg, by
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_ -9000
Heff = RTgm

The variance of the peak, o2, varies with 20 as
o2 =Utan 20 + Vtan @ + W + Plcos 20

where U, V and W are the coefficients described by Cagliotti, Pauletti and Ricci in 1958
(Nucl. Instrum.,3, 223) and P is the Scherrer coefficient for Gaussian broadening. The
Lorentzian coefficient, y, varies as

y = (X + XeC0s @)/cos© + (Y + Y gCos g)tan ©

Thefirst term isthe Lorentzian Scherrer broadening and includes an anisotropy coefficient,
Xe. The second term describes strain broadening and also includes an anisotropy
coefficient. If asublatticeis defined by use of "stacking fault vectors', then the above
function only is applied to the reflections that are part of the sublattice. All other reflections
have their Lorentzian broadening defined by (note the change from Xg to Xy)

y= (X + Xg0s g)/cos © + (Y + Y gCos g)tan ©

This function gives the different anisotropic Scherrer broadening that is associated with the
presence of stacking faultsand issimilar to that used in the #2 and #3 TOF functions
shown above.

Thus there are twelve coefficients for this function (U, V, W, X, Y, Tg, Ag, S5, P, Xe, Ye
and Xg). Within GSAS these are named "GU", "GV", "GW", "LX", "LY", "trns",
"asym", "shft", "GP", "stec", "ptec”, and "sfec", respectively. This function gives a better
fit to asymmetric profiles than the first one and shows less correlation with the lattice
parameters. The function and its derivatives are generated by SIMGAUS. The editing of
the coefficients for these functions for neutron data are done InEDTPTP2. The
coefficients for x-ray data are edited by EDTPTP3. The pairs of peaks arising from the
al-a2 doublet in the conventional x-ray case are treated as separate reflections.

I nter pretation of CW Powder Profile Coefficients
Aswas the case for the TOF profile functions, the coefficients from a CW powder profile
function can also be interpreted to give both strain and particle size information. Because
the first function is suitable only for low resolution neutron CW diffractometers, it will
rarely yield any significant line broadening information. Thus, the following discussion
will consider only the coefficients from the second CW function.

Strain broadening

In the case of a CW experiment the strain broadening in real spaceisrelated to 2
broadening from

Ad/d = A2ec0ot © = constant

or
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A20 = (ad/d)tan ©

In thisexpression A20 isin radians. Examination of the expression for the Gaussian
broadening

o2 = Utan 20 + Vtan © + W + P/cos 20

indicates that the first term contains a strain broadening component. Asfor the TOF
expression, thisis avariance and the instrument contribution can be subtracted off. This

varianceisin centideg? and must be converted to radians to yield strain, thus
s
S= mg 8In 2(U - Ui) 100%

Alternatively, the Lorentzian component of a CW peak shape has the expression
y= (X + Xec0s g)/cos @ + (Y + Y oS g)tan ©
and the strain term is the one that varies withtan ©. Again any instrumental or spectral

contribution can be subtracted to yield the strain component. Thisisin centideg and is
already afull width at half maximum so the strainis

S= (Y - Yi) 100%

_n
18000

Asin the case of TOF datathe parallel and perpendicular anisotropic strain components can
be calculated by

S (Y + Ye- Y{)100%

_ Tt

1= 18000
Sz, l )1009
0= 1g000(Y - Y1)100%

Particle size broadening
For the case of a CW experiment the particle size broadening can be obtained from

Ad/d2 = Aze%te = constant

From Bragg's law then

2A26Cc0otes ne
2 — cLeYLULUIITIY
Ad/dé = X

The broadening is

_AAd/id
"~ 2c0s0

A20
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Thefirst term in the expression for the Lorentzian broadening is of thisform where

_ A

X= g2

The particle size can be obtained by rearrangement of this expression and converting from
centideg to radians by

_ 18000K A
- 1iX

where K isthe Scherrer constant. The unitsare A. The anisotropic particle size
components are given by

_18000KA
Pr= (X + Xe)

_ 18000KA
I 1.4

In asimilar way to the TOF functions #2 and #3, the average stacking fault separation can
be obtained from the coefficient Xg by

_ 180002
Ps X<

The corresponding term in the Gaussian expression is the fourth one. Converting from
centideg to radians gives the expression

_ 18000K A
™/ 8In 2P

and again the units are A.
Reflection Peak Widths

The reflection peaks are considered to have a definite cutoff at the wings where the
magnitude of the function falls below some value. The cutoff positions depend on the
nature of the profile function and its coefficients; they are found using numerical techniques
by subroutine PROWDT; editing of the cutoff factorsis done by EDTPRF. When anew
function isinstalled, the subroutine PRCAL C must be modified to call the new routine
that generates the function and its derivatives.

Least Squares Theory

The refinement technique used by GSAS is the method of least squares and is performed
by the program GENLES. In general the expressions for the calculated values
corresponding to the set of crystallographic observations are transcendental and thus the
least squares minimization function is nonlinear and the processisiterative.

For single crystal data the function usually minimized inGSAS s
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M = w(Fo? - SFc?)?

where Sisthe scale factor for that data set (or histogram) and the sum is over the entire
reflection set. The observed structure factors, Fy2, are obtained by correction of the raw
intensity scans for Lorentz-polarization effects and absorption in the GSAS routines
SCABS and SCM ERGE aswell as background subtraction. The weights, w, are derived
from an error propagation scheme during this process and are assumed to be uncorrel ated.
Asindicators of the quality of the refinement a set of residuals are defined as

R= > [Fo?-SFc|
> IFo?l

and

RW = M
; ZW|F02|

The reduced x2 or "goodness of fit" is defined by the minimization function as

o _ M
X —_ .
(Nobs-Nvar)

Alternatively and perhaps better, the function
M = w(Fo-SFc)?

can be minimized. In this case the residuals become

R= E |FO'SFC|
S Fol
and
Rw =
W > WIFo|

The x2 is defined as above.

In analogy to the single crystal case, the least squares program GENL ES minimizes for
powder data the function (Rietveld, J. Appl. Cryst. 2, 65-71, 1969)

M = ZW(lo'lc)Z

The quality of least squares refinement in this case is aso indicated by some residual
functions. These cover different parts of the pattern; oneisfor just that part of the pattern
used in the refinement (marked "FITTED") and the other covers the entire pattern except
excluded regions (marked "ALL"). Normally the entire pattern isincluded in the
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calculation so these values are the same. Optionally, the regions which have no
contribution from Bragg peaks can be excluded from the first calculation. In analogy to the
single crystal case, the residuals are defined as:

_Zlo-ld]
Rp= 7o

and

M
Rwn =

The reduced x2 is also defined the same way asin the single crystal case by

M

X2 =N - N __
Nobs - Nvar

One can hand cal culate an "expected Ryp" from

expected Ryp = Rw

X2

A statistical measure of the seria correlation in the powder pattern differences @ = Io-l¢) as
given by Durbin and Watson (Biometrica 58,1, 1971; Hill and Flack, J. Appl. Cryst. 20,
356-361, 1987) is also calculated from

N
> (8iloi - 8j-1/0i-1)?
Daw="2
D (ailai)?
=1

If no serial correlation is present in the differences then Dy iscloseto 2. Thevaue at the
beginning of arefinement is usually very close to zero because of the strong correlations
and it increases to some maximum value as the refinement improves. Normally the
correlations are such that a string of differences tend to have the same sign so that Dy will
be lessthan 2 in thefinal refinement. Thisindicates that some aspect of the profile model is
inadequate and a systematic error remainsin the analysis. Depending on the nature of the
systematic error, the deviations of the refined parameters from the "true" values may be
more is than indicated by the estimated standard deviations given by GENLES.
Experience has shown that the principal systematic errorsin most Rietveld refinements are
in the profile functions and that they have little effect on the structural parameters resulting
from the least squares analysis.

In GSASitisalso possibleto provide as a set of observations the expected values for a set
of interatomic distances assigning to each an appropriate standard deviation. These so
called "soft constraints' are then used to generate a minimization function
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M = KZW(do2 - dc2)2

The scaling factor K is used to adjust the contribution of these observations to the total
minimization function. Usually K is set large in the beginning of arefinement and
progressively made smaller as the model improves. This procedure is used to avoid an
inadvertent bias in the results because of an incorrect preconceived notion about the value
of the interatomic distances. The large contribution in the beginning of the analysisis used
to avoid diverging refinements. These calculations are doneinGENLES by BNDCALC
and the editing is by routine EDT SOFT.

To minimize M by least squares, a set of derivatives of the function (2, I or dg?) with
respect to a set of variablesis obtained for each datapoint. These variables comprisea
reduced set of parameters (atomic coordinates, thermal parameters, scales, powder
parameters, etc.) obtained by successive application of three rectangular constraint
matrices.

aF oF
= RilUikSyj 5 on;

These matrices are obtained from the rigid body constraints (R), the user constraints (Ujk)
and the symmetry constraints (Sj). The symmetry constraints are those required by the
crystallographic point group for each atom position and affect the coordinates and
anisotropic thermal parameters. The user constraints are those imposed on otherwise
unrelated parameters because of some known or presumed relationship. The rigid body
congtraints are derived from a geometric description of molecular units where the least
squares variables are distances, molecular origin coordinates and orientation angles.

This vector of derivativesisthen used to produce the least squares normal equations which
in matrix form are

Ns OFne NP N oci
ZWh(tho Sthc) hC + szUko lkc) akc + Zwl(d io- dZIC) IC
h=1 k=1

where the sums are over the three types of observations. After expansion asa Taylor series
and ignoring the high order terms, the set of observational equations becomes

Ax=y
where in the case of single crystal data

N

= 2 |aF20h|
Yi ZWhAF h v,

Xj = AV|
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N
o A|SF2ch| A|SF2ch|
aj = th AV Avj

There are similar expressions for powder profile intensities and soft constraints on bond
lengths. These equations are linear in theAv; and can be solved by inverting the symmetric
matrix A by

A-lIAx = A-ly
x =A-ly =By

This gives the set of shiftsto be applied to the variables. They must be retransformed by
the constraint matrices to give the set of shiftsto be applied to the parameters

Ap; = AViRj U kSy

In GENL ES the matrix A is normalized before inversion by dividing each element by the
square root of the product of corresponding row and column diagonal elements.

The same is a'so done to the vector y

= Yi
Vi VAii

This eliminates much of the difficulty of inverting a matrix with as much as 16 orders of
magnitude range in the element values and gives amore robust refinement. The inverse
matrix B and shift vector x are recovered by asimilar transformation

VAiiAjj
_ X
Xj =
VAii

Theinverse matrix B isthen used to obtain the variance-covariance matrix by normalizing
by the reduced x2 .

B..
ozij 2%
X

The sguare roots of the diagonal elements of this matrix are then the estimated standard
deviationsin the shifts that are applied to the least squares variables. It isthen assumed that
these esd's apply to the variables themselves and proper error propagation through the
constraint matrices is used to obtain the esd's for the set of parameters.
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These calculationsin GENL ES are performed by MATSLV and a set of subroutines
called by it for matrix normalization (MATSCL), inversion (LSSSand MATINV) and
renormalization (MATUSCL).
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File Structuresin GSAS
I ntroduction

In this section of the GSASTECHNICAL MANUAL we describe the structures of each
type of file generated by the system.

File Name Conventions

All files generated by GSASin the course of calculations on a given structural problem
have the same main file name; they differ only in the extension. Thisfile name is chosen
by the user with the' EXPNAM" option of the main GSAS command procedure. This
name must be given by the user before beginning work on that problem withGSAS. Al
files are generated in the same directory asthefirst one and must dwaysresidein asingle
directory.

EXPNAM .EXP - The Experiment File

Usually thefirst file produced by the system is the main data and control file,
EXPNAM.EXP. On VMS systems, thisfileisaformatted ISAM (Indexed Sequential
Access Method) file. Each record in thisISAM file is 80 characters or less long and starts
with a 12 character key which is used by the system to fetch that record from thefile; the
information on that record isread in fixed format. For the UNIX versions of GSAS, the
ISAM structure is simulated by routines within GSAS; thefileitself isin direct access
format. What followsis an essentially complete listing of al currently defined recordsin
thisfile with an explanation of each, its format and the source of that record. The records
arein alphabetical order by key (blank, upper case and numbers; no lower case or special
characters are used for these keys by GSAS).

Overall datarecords
Theinitia section of records covers overall datafor the entire experiment.
(" DESCR ', 2X, A66) DESCR

Main descriptive title for the experiment (66 characters maximum). Entered into thefile by
NEWEXP immediately after creation by OPNEXP and edited by EDTTITL.

(' VERSI ON , I 5) | VERSN

Version number for GSAS. Thisisthe main flag used to determine whether any of the
records in the experiment file have to be modified because of changesinGSAS. If the
value of IVERSN on the record does not match the current version number then the
subroutine UPDATEL1 is called to make the necessary changes. This check isdonein
subroutine OPNEXP, and is done by all programsin GSAS that open thisfile with
READ/WRITE access.
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(' HSTRYnnn' , 1X, 67A) TEXT
nnn=ver si on nunber for experinent file

History record for GSAS; anew one iswritten as each version of the experiment fileis
produced and by programs that modify the contents of the file. The TEXT includes the
name of the GSAS program that produced the file, its version number, and the date and
time the file was accessed by that program. Usually listed is some brief indication of what
was done by that program; for example, EXPEDT lists the magjor menu requests and
GENLES gives an indication of the refinement progress. Programs that only read
information from the experiment file do not produce a new version or write history records.

(" DSGL CDATc', 2X, A) CDATA
c =1 to 9(max)

Distance and angle program controls. The controls are written as a free format string. They
are defined and modified by EDTDIST. Thereis one of these cards for each phase, 'c'.
The data are flags controlling distance and angle calculation limits and inclusion of data
from a peak search of Fourier maps.

(" FNDP CDATc', 215) NPEAKS, M N
(" FNDP HDATc', 15A4) (LHST(I),
c =1 to 9(max)

I NT
I =1,

M

Control datafor FINDPK, the peak search routine for data from the SCD instrument at
LANSCE. Thefirst record gives the maximum number of peaks to accept from a
histogram and the minimum peak value to use. The second givesthelist of histograms to
be searched. Thefirst item in thelist can be either of the strings, "REST" or "ALL", or a
number.

(" FOUR CDATc', 2X, 2A5, A2, A5, A8) (FDATA(I),1=1,5)
c =1 to 9(max)

Fourier map controls; each control isread as a character string and indicates the type of
map, section direction, phase number, print control and a special dyin if such is needed.
One of these recordsiswritten by EDTFOUR for each type of map to be calculated.
Fourier map control data for only one phase can be generated at atime. They are read by
FOURIER to set up map calculations.

(" GNLS RUN ', A43,14, GL7.5) TEXT, NCYCLES, CH SQ

Least squares run indicator; it gives the date, time and total number of cycles attempted for
the experiment and the latest value of x2. Thisisused by POWPLOT to produce the
secondary plot title and by DISAGL to coordinate the variance-covariance matrix with the
structural parameters.

(" GN\LS CDATc', 2X, 8A8) (CDATA(I),1=1,M
c =1 to 9(max)

Least squares controls (maximum number of cycles, etc.). Each control isan 8 character
string and is entered by EDTL SQ. There may be more than one of these records. The
controls are read for GENLES by RDLSCNTL.
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The next few records contain the control datafor INTEGRATE, the program for
extracting intensity data from the LANSCE single crystal instrument, SCD. They are
edited by EDTINGRT. They areread in the integration program by INGREAD.

(" INGT CDAT1', 2F5. 3, F6. 3) WNDOX, WNDOZ, EM N

These parameters define the x,y dimensions of the reflections for integration. Thefirst two
values define the spot size and the region to used for background evaluation. The last item,
EMIN, isused for aminimum count cutoff to limit the region of integration.

(" INGT CDAT2', 2F6. 1, 12X, 2F6. 3) S&0, SG1, BEO, BE1

These data define the shape of the peak along the time direction. They are quite smilar to
those used in the powder profile parameters.

(" I NGT CDAT3',2F5.2,7F4.1,F6. 3, 1X A 21 3)BI NM N, VRATMX, (RAT(I),1=1,7),
DM N, SCLLER, I XL, I XU

Integration limiting and final data selection flags. BINMIN defines the minimum fraction
of apeak included in the integration for accepting the value. VRATMX determines the
maximum ratio peak to background allowable for the peak to be included. This can get
very largeif the peaks are very dense. The seven RAT values are I/sig(l) cutoffs used for
creating atable of data with which the quality of the data can be evaluated. SOLLER and
IXL and IXU define the Soller shield used on SCD from 1982 until mid 1988.

(' I NGT HDATc', 15A4) (LHST(1),1=1, M
c =1 to 9(max)

Thelist of histograms for integration. Histograms can be summed together before
integration of the reflection data. Thisis accomplished by entering -h for histograms which
are to be added to the current data before integrating.

(" AFAC aaaa ',9F7.0)(FFAC(1),1=1,9)
a = el enent synbol

Thefirst atom data record for atom type 'd. The element symbol consists of the standard
two letter chemical symbol (upper case) and the valence as a sign and a numerical value,
e.g. TI+4'; thisis part of the key. The 9 values are the coefficients for the x-ray scattering
factor for that chemical species aslisted by Cromer & Waber (1974), International Tables
for X-ray Crystallography, Vol. 1V, p 99-101. Thisand the succeeding 'AFAC' cards are
copied from the atom data file by REDSCTF whenever anew atom TY PE isinput by the
user into EXPEDT. Theserecords are read by RDSCFT in GENLES.

(" AFAC aaaa M, 9F7.0) ( MFFAC(1),1=1,9)
a = el enent synbol

Thisrecord is the exception to the rule just noted. It is present only when a magnetic form
factor has been entered into the experiment inEXPEDT using the form factor editing
option in the 'Least Squares' editing menu and magnetic form factors are selected. The
datafor thisrecord isnot currently in the atom data file to be described later. Datain table
4.4.5.1 of International Tablesfor X-ray Crystallography, Vol. C, can be used aslisted for
the elements and ionsin that table. Datafor other atoms or ions can be derived from tables
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4.4.5.2-14 of that source. Alternatively, one can read afile containing the scattering factor
data as afunction of sine/x and fit it to the needed function in subroutineEDTM FF.

(" AFAC aa_nnn', F7.0, 4F6. 0) WI', BLEN, RNMU, RNMUX

The isotopic datafor 'aa_nnn' where 'aa’ is the chemical symbol (upper case) and 'nnn' is
theisotope. The data are isotopic weight, real neutron scattering length, and the
wavelength dependent and wavel ength independent neutron absorption cross sections.
Since there are only a very few atomic isotopes for which an imaginary scattering length is
needed, we do not currently have that datain our data base. If 'nnn'is blank then the data
are for the natural abundance element. Synthetic elements do not have 'natural abundance’
data.

(" AFAC aa_Sl Z', 2F10. 2, F5. 2, | 5) DRAD, ARAD, PRAD, COLOR

This record contains default atom size data for distance/angle calculations and for the
structure plotting programs.

(" AFAC aa_XAB', 1X, 5F6.0) (RXMJ(1), 1 =1, 5)
The x-ray absorption cross sections for Cr, Fe, Cu, Mo and Ag Ka radiation.
(" AFAC aa_XAN , 1X, 10F6. 0) (XFP(1), XFPP(1),1=1, 5)

The real and imaginary parts of the anomalous dispersion for Cr, Fe, Cu, Mo and Ag
radiation for the a-th atom type.

(" EXPR HTYPc', 2X, 12( A4, 1X)) (HTYP(1), | =1, NHST)
c =1 to 9(max)

The histogram type flags, HTY P, are 4 character strings which indicate the type of sample
(P: powder or S: single crystal), type of radiation (N: neutron or X: x-rays), type of data
(T: time of flight or C: constant wavelength) and the status of the data set (blank: usein
least squares, D: dummy powder histogram not processed by GENLES, F: SCD
histogram peak positions have been determined by FINDPK, G: SCD histogram peak
positions found by FINDPK but will not be used, I: SCD histogram intensity data
generated by INTEGRATE, N: new SCD histogram not yet processed by FINDPK, R:
read powder histogram, X: powder profile not processed by POWPREF or *: do not use
inleast squares). Thusthe flag 'PNT ' means that this histogram is neutron TOF powder
data that can be used in aleast squares refinement. The special histogram type 'RSN" is
used for "soft" constraints which are treated as a set of observations and are placed in their
own histogram. Thereis onetype for each histogram and they arein the order of the
histogram numbers. These flags are generated in several placesinGSAS, and the records
are written by WRHTY P and read by RDHTYP.

(" EXPR NATYP' ,|5)NATYP

The number of atom types. The maximum number of atom typesis 9 dueto limitations
imposed by array sizesin GENLES and EXPEDT. Thisvalueisupdated by TYPINS
and TYPDEL. Thisvalueisread by RDSCFT in preparation for reading the scattering
factors.
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(' EXPR NHST ', 15)NHST

The number of histograms, NHST, loaded into the GSAS system for this problem. This
value never decreases and is updated when new histograms are read by HSTINS for
powder data, REDHST for SCD single crystal data, CAD4RD for Enraf-Nonius CAD4
dataand generated by EDT SOFT for soft constraint data.

(" EXPR ATYPnn', 2X, A8, 15, 2F10. 0, F5. 2, 1 5) TYPE, NATOM DRAD, ARAD, PRAD, COLOR
n = 1, NATYP

Record contains the atom type, the number of atoms of that type in all phases and atom
radii limits for distance and angle calculations and data for structure plotting. The type
matches that used for an individual atom entry (see below) and is composed of the chemical
symbol (upper case) valence (if any) and isotope (if any). The form of thetypeis
‘aasv_nnn' where 'aa is the chemical symbol, 's is the valence sign (+ or -), 'v' is the
valence (typically 1-6) and 'nnn’ is the isotope number. The number of atomsis
incremented when anew atom of that type is added and decremented when an atom is
deleted. If thisvalue reaches zero then thisrecord is deleted, however the 'AFAC' records
for this atom type are not deleted. The atom radii are edited by EDTDI ST and read by
DISAGL.

(' EXPR ftypRL',110) LENREC

Thisrecord iswritten by FOURPRT4 within FOURIER and contains the length of
records in the 'ftyp' Fourier map file. ‘ftyp' is one of 'FOBS, 'FCAL', DELF, PTSN',
or 'DPTN'. Itisread by the Fourier map processing or plotting routines in preparation for
opening the appropriate map file.

(" EXPR NVKTLS', 91 5) (NVXTLS( | PHAS) , | PHAS=1, 9)

Thisrecord iswritten by INDEXSCD and records the number of separate crystals found
for each phase in asingle crystal experiment. These crystals may be multiple crystalsin a
histogram, or they may be separate settings of asingle crystal which fell off in the middle
of an experiment, or separate crystals used because of crystal loss, etc. The code allows
for up to nine crystals per phase. Therecord isread in severa places in the processing of
single crystal datafrom the SCD instrument.

(' EXPR NPHAS ', 91 5) (NPHAS(| PHAS) , | PHAS=1, 9)

Phase flags for phase number IPHAS. The value of each flag is 1 if thereisjust nuclear
phase information, 2 for mixed nuclear and magnetic phase information, 3 for magnetic
only phase information, or zero if the phaseis absent. Thisrecord is updated by
EDTPHAS and isread in many placesin GSAS.

Crystal structurerecords

The next section of records are specific structural information for each phase, p, in the
sample.
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(' CRSp PNAM , 2X, A66) PNAM

A characteristic name for the phase; entered by the user iInEDTPHAS and used for
various heading titles.

(' CRSp  ABSCO , 7F10. 2) (XAB(1), 1 =1, 5), RNMJ, RNMUX

Computed absorption coefficients for this phase based on the chemical formula and the five
x-ray wavelengths and the two neutron absorption coefficients. This and the next three
records are changed by EDT COM P any time the chemical formulais changed.

(' CRSp  ATYPS', | 5) NATYPS

Number of atom types for this phase; used to read the formularecord," CRSp  FRMLc' ,
shown below.

("CRSp  F000 ', 2F10. 0) FNEUT, FXRAY
The Fooo scattering factors for neutrons and x-rays based on the chemical formula.

(" CRSp FRMLc' , 4(2X, A8, F6. 2) (ATYP(1), NAT(1), I =1, NATYPS)
c =1to 1+(NATYPS-1)/4

The contents of the unit cell for this phase. Used to calculate absorption coefficients,
formulaweight, density and Fogp values.

(" CRSp  NATOM , I 5) NATOM

The number of atom positions for this phase. Thisrecord is updated by ATMINS and
ATMDEL,; if it reaches zero the phase can be deleted by PHASDEL .

( ABC(1),1=1, 3), | REF, | DAMP
(' CRSp ABCSI G, 3F10. 6) ABCSI (1),
(' CRSp ANGLES', 3F10. 4) ANGLES( 1),
( )

"CRSp ABC ', 3F10. 6, 4X, A1, 4X,11)
| =
| =
"CRSp ANGSI G, 3F10.4)ANGSI (1), 1=

(

1,3
1,3
1,3

Thefirst record contains the real lattice edge lengths for the phase, arefinement flag and a
damping factor. The third containsthe lattice angles. If the refinement flagis'Y' then the
lattice parameters (as reciprocal metric tensor elements) will be refined. Refinement is
possible with powder diffraction data and single crystal datafrom SCD type instruments.
The damping defines what fraction of the calculated shift is applied to give the new values
of the parameters. The applied shift is (10-IDAMP)/10 times the calculated shift. The
second and last records are the estimated standard deviations in the lattice parameters.

(" CRSp ATmmMmMA' , 2X, A8, 4F10. 6, A8, 1 4, 1X, 3A1) ATYP, X, Y, Z, FRAC,
NANME, MULT, (I DAMP(1),1=1, 3)
(' CRSp ATmmB', 6F10. 6, 2X, 4A1) (U J(1),1=1,6), (CODE(l),I=1,4)
m= 1 to NATOM

Atom parameter records for atom 'm'; the first one contains the atom type (matches one of
the atom types given above), fractional coordinates, atom fraction, atom name (chosen by
user), multiplicity of atom site, damping factors for FRAC, XY Z and UlJ. The second
contains the temperature factors; if CODE(1) ='I' then UIJ(1) is Ujg, if CODE(1) ='A'
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then six anisotropic ujj values are given. |If CODE(2) ='F' then FRAC isto be refined; if
CODE(3) ='X' then XY Z's are to be refined as permitted by symmetry; and if CODE(4) =
'U' then Ujg, or the uijj's are to be refined as permitted by symmetry. These records are
written by WRTATM and read by REDATM; the parameters are edited by severa atom
editing routines called fromEDTATM.

(" CRSp ATnmMM , 3F10. 5, 2(1X, A2), 3F10.3) (ATMON(1),1=1, 3),
CODE(5), | DAMP(4), (ATMON(I), I =4, 6)
m=1to NATOM

The magnetic moment data record for atom 'm’', ATMON(1-3) give the components of the
magnetic moment along the three orthogonal directions defined earlier, ATMON(4-6) are
the magnitude of the moment and the moment orientation angles, y and w relative to the
orthogonal Z- and X-axes. CODE(5) = 'M' to refine the moment and IDAMP(4) isthe
damping factor to be applied as defined above.

(" CRSp CELVOL', 2F10. 3) CELVOL, SI GOVL

The unit cell volume and esd; thisrecord is updated each time the lattice parameters are
changed.

(' CRSp DENSTY', F10. 3) DENSTY

The density of this phase in Mg/m3; this record is updated by EDTCOM P any time the
chemical formulais changed. It isnot affected by atom parameter refinement or atom
editing.

(" CRSp FMHSTn', 20l 3) HSTLST
n=1to9 (mx)

The list of included histogram numbers to use for the Fourier calculation. The structure
factors are read from the histograms in the order as shown. The last occurrence of a
structure factor isthe one used in the calculation. Mixing of x-ray and neutron histograms
isnot allowed. Thisrecord iswritten by EDTFOUR and read by FOURIER when the
map is calculated.

(" CRSp FMPCTL', 91 5) NXI', NYI, NZI , NXO, NYO, NZO, NXT, NYT, NZT

This record gives the number of steps along the cell edges, the starting step position and the
ending step position for a Fourier map calculation. It iswritten by EDTFOUR and read

by FOURIER when the map is calculated. Thisinformation isthen written in the second
record of the Fourier map file during processing by FOURIER (see below).

('CRSp FPK ', 2X, A66) TEXT

Thisrecord gives the time and date of extraction of peak positions from a Fourier map
along with the map type that was processed by FORSRH. It iswritten by FRSHR.

(' CRSp FPKnnn', 3F10.5, F10. 3) (XN(1), 1 =1, 3), I XN

These records contain the positions and heights of the peaks extracted from a Fourier map.
They are written by FRSHR and can be read by DSGREAD for distance and angle
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calculations by DISAGL and FPLTATM for plotting on contoured maps produced by
FORPLOT

("CRSp MRGR',4(A F6.3),A 15" wWR(Fsq)=',Rl,' WR(F)=', R2,
" R(Fsq)=",R3," R(F)=',R4," N(I)=", NREF

Record written by SCM ERGE giving the R-factors from the merge of equivaent
reflections and the number of resulting unique reflections.

(' CRSp MXDSTR , F10.5) DSTRWX

The maximum d* for magnetic reflectionsin this phase. This record is produced by
ATMMAG and used by CELLINP.

(' CRSp PEAKRD , 2F6. 0, 11F5. 2) PKMAX, PKM N, FDRAD, FARAD,
(REJRAD(1), | =1, NATYP+1)

Distance and angle code controls for processing peak information fromFORSRH. The
data are peak minimum and maximum values, the radius of the peak for distances and
angles, and the peak overlap rejection radius for each atom type and for the peaks
themselves. Thisrecord isproduced by EDTDIST.

(' CRSp SG SYM , 2X, A20) SPSGSYM

The space group symbol for this phase. The symbol is entered by the user to SPSGSYM
which calls the space group interpreting routine SGROUP before entering it into the file.
Thisrecord isread in other parts of GSAS which then call SGROUP to produce al the
relevant symmetry information.

(" CRSp SPAXI S, 3F5.0, 4x, A, 6F5. 0) PAXI S, NAXI S, UAXI S, VAXI' S

The principa broadening axis, PAXIS, for this phase; it is used to calcul ate the anisotropic
broadening termsin some of the powder profile functions. If NAXISis'Y' then two
additional axes are defined for the sublattice of reflections that are subject to adifferent
anisotropic particle size broadening than the nonsublattice reflections. Thisfacility isused
by some of the profile functions to simulate broadening due to stacking faults. Thisrecord
isedited by EDTPRF, and input by PRFCINP and output by PRFCOUT.

(' CRSp SPNFLP', 12F4. 0) (SPNFLP(1), 1 =1, 12)

This record contains the current state of the spin flip operations to create the magnetic space
group from the nuclear one for this phase. The values are +1.0 for no spin flip and -1.0
for spin flip. Thisrecord is created by ATMMAG and read by POWPREF and
ATMSINP.

(' CRSp UCRFLn', 201 3) (I PARM ), | =1, 60)
n=1, 3

Refinement flags used in CELLL SQ. Thisrecord will only appear while processing
LANSCE SCD data.
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(' CRSpe EXTSN ', 15, 2X, 3A, 2X, 31 1) EXTTYP, | EXCOD, (| DAMP(1), | =1, 3)
(' CRSpe EXTSNL', 3E10.3) (EXTSI NG 1), | =1, 2) , EXTRPRI

Single crystal extinction flags and coefficients. They are edited by EDTEXTS, input by
EXTSINP and output by EXTSOUT. Thereisaset for each phase and crystal element in
the sample.

(' CRSpe HKLDnn', 4F10. 4)

These records describe the crystal shape for use in absorption calculationsinSCABS.
They are written and edited by EDTPLNS.

(' CRSpe O-CHI ', 2F10.3) CHI, Sl GCHI
(' CRSpe O-OMG ', 2F10.3) OVG, S| GOMG
(' CRSpe O-PHI ', 2F10.3) PHI, Sl GPHI

Single crystal element orientation angles. The three orientation angles required to position
the 100 reciprocal lattice vector into the reflecting position with thehkO set of vectorsin the
standard xy plane on asingle crystal goniometer. Thew angle is measured away from the
y-axis, x from the negative z-axisand g is arbitrary. These records areinitially written by
INDEXSCD and later are modified by CEL L L SQ which adds the sigmas.

(" CRSpe PTYPE ', 2X, A8, | 4, F8. 2) PTYPE, NPLANES, PHI 0

The record describes the way that the faces of afaceted crystal are defined. The dataare
PTY PE, aflag defining the face definition, NPLANES, the number of faces, and PHIO,
the g angle at which the diffractometer x-axis and the crystal x-axis are coincident if
PTYPE="3 POINTS and 6,x and w are zero. Thisrecord iswritten by EDTPLNS and is
read by PLANIN in the single crystal absorption program SCABS.

(' CRSpe XDO ', 3F10.2) (XDO(1),1=1,3)
(' CRSpe XDOSI G , 3F10.2) (SIGXDO(i), =1, 3)

Crystal miss-centering vector and its estimated standard deviation. These records are
initially written by INDEXSCD and modified by CELLL SQ. Thisdataisused by all
codes which need to calculate detector coordinates for reflections from reflection indices or
to calculate reflection indices from detector locations.

Histogram/phase records

The next section of records contains information that depends on both the histogram, h,
and crystalline phase, p; hence the key prefix 'HAP'.

(' HAPphh ZONE' , 41 5) ZONE

The first three coefficients describe the zone axis restricting the reflection set for a powder
pattern. The fourth coefficient isthe layer number. If all zerosthereis no restriction on the
reflection set. Thisrecord iswritten by EDTZONE and read by REFGEN in
POWPREF.
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(" HAPphhELMFRN' | G16. 4, 4X, A, | 5) SCALE, REFCOD, DAMP

Crystal element fraction for this phase and histogram combination, refinement flag and
damping flag. Thisisused for asingle crystal histogram. Editing is done by EDTSCAL,
least squares input by SCALINP and output by SCALOUT.

(" HAPPhhEXTMAX' |, A, F8. 5) TEXT, EXTMAX

This record gives the maximum extinction correction applied to any reflection in this phase
and histogram. It iswritten by SNGLXTL in GENLES as each histogram is processed.

(" HAPPhhEXTPOW , E15. 6, 4X, Al, 4X, | 1) EXTPOW | REF, | DAMP

The powder extinction coefficient, its refinement flag and damping factor. These are edited
by EDTEXTP, input by EXTPINP and output by EXTPOUT.

(" HAPphhNAXI' S ', I 5) NAXI S

This gives the number of preferred orientation axes in the March-Dollase model used for
powder diffraction data. It determines the number of ' HAPphhPREFON' (See below)
records are read for this phase/histogram combination. It is created by EDTPRFO and
used by PRFOINP.

(" HAPphhPHSFR ', G15. 6, 4X, Al, 4X, | 1) SCALE, | REF, | DAMP

Phase fraction for this phase and histogram combination, refinement flag and damping flag.
Thisisused for apowder diffraction histogram. Editing isdone byEDTSCAL, least
squares input by SCALINP and output by SCALOUT.

(" HAPphhPRCF ', 215, F10. 5, 4X, | 1, 20A1)
PTYP, NCOF, CTOF, | DAMP, (I REF(1), I =1, NCOF)
(" HAPphhPRCF c¢', 4E15. 6) (COF(1), I =1, NCOF)
c =1to 1+(NCOF-1)/4

Thefirst record contains the powder profile type, number of coefficients, cutoff factor,
damping flag and a refinement flag for each coefficient. The second and subsequent record
(c=1,...) contain the coefficients with four per record. These are edited by EDTPRF and
routines called by it, input by PRFCINP and output by PRFCOUT.

(' HAPPhhPREFON' , 4F10. 5, 4X, Al, 21 5) PRFCOF, (PHKL(1), I =1, 3) , REFCOD, DAVP, TYPE
n=1, NAXI S

Thisrecord givesthe preferred orientation coefficient, direction, refinement code, damping
factor for preferred orientation axis'n’, and preferred orientation function type. The
number of these records is determined from the' HAPphhNAXI S ' (see above). These are
edited by EDTPRFO, input by PRFOINP and output by PRFOOUT.

(' HAPphhXTLELM , 2X, 91 2) ( XTLELM | PHAS, | ELEM

This record notes which crystal elements of phase, IPHAS, are present in this histogram.
The record iswritten by INDEXSCD and read by all programs needing to process
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reflection data, such as INDEXSCD, CELLLSQ, and INTEGRATE. A dummy record
with XTLELM(1,1)=1 isentered for powder histograms.

Histogram records

The next section of records contains only histogram specific information. This sectionis
described in four parts each covering the records that are specific to particular types of
histograms

All diffraction histogram types

The following records are found in the experiment file for all diffraction histogram types.
Some of these are not needed for histograms from TOF neutron single crystal
diffractometers (SCD instruments); they will be so indicated

("HST hh  HFIL', 2X, A66) RAWNAM

The file name of the GSAS standard powder datafile or SCD raw datafile which isthe
source of this histogram. This name uses whatever logical names the user had in force to
describe thisfile at the time the file was introduced to experiment by EXPEDT for powder
data, by REDHST for SCD data, or by CAD4RD for single crystal x-ray data.

(" HST hh  HNAM , 2X, A66) HNAM

A histogram title taken from the title record on the GSAS standard powder datafile or from
the cataloging string for SCD data.

("HST hh TFIL, 2X A66) | NSTNAM

The file name of the instrument parameter file associated with this histogram. Thisfile
name also uses logical names.

(' HST hh 1RAD ', 15) | RAD

Thisisan integer (1 to 5) indicating which characteristic radiation (Cr, Fe, Cu, Mo or Ag
Ka, respectively) was used for the data collection. Thisrecord originates from the
instrument parameter file and isread by PDCAL C or SNGL XTL asthe histogram is
processed. Itisonly needed for x-ray data. If IRAD is zero the wavelength is not one of
the five standard ones and special anomalous dispersion data is needed for the histogram;
these are the FFANS records described below.

(" HST hh NREF ', 15, F10. 4, 4X, A1) NREF, DM N, | FFOS

The number of reflections in the 'EXPNAM'.REFPhh or the 'EXPNAM'.REFShh
reflection file, the minimum d-spacing and aflag for powder dataindicating whether Ry2's
have been extracted from this histogram. Thisrecord is produced when the reflections are
generated by REFGEN for powder data and by the several routines that process single
crystal data. Theflagisset by PDCALC to'Y" after it has produced Fo2's and places
them in the reflection file.
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(" HST hhFFANSc' , 2X, A8, 2F10. 3, 3X, 2Al, | 5) ATYP, DELFP, DELFPP, | RE, DAMP
c = 1, NATYP

The special anomalous dispersion coefficients for x-ray data with a non-standard
wavelength. Included istwo refinement flags and a damping factor. These records are
required when IRAD is zero and there must be one for each atom type in the same order as
the' EXPR ATYPnn' recordsabove. These are edited by EDTFFAC, input by
FFACINP and output by FFACOUT.

(' HST hhOVEGA ', F10. 3) OVEGA
(' HST hhCH ', F10. 3) CHI
(' HST hhPH ', F10. 3) PHI

These are the sampl e orientation angles with respect to the diffractometer which are used
for generalized texture analysis of polycrystalline samples. They are defined in much the
same way asfor asingle crysta diffractometer (see' cRspe O CcH , €tc. records above).
These records are wirtten by HSTCHG.

(" HST hhREFLEN , | 5) REFLEN

This record gives the length of the records in the .REFhht files, where't' is'M', 'P or 'S
for single crystal merged data, powder or single crystal data respectively.

Powder histogram records

All of thisinformation which is related to powder histograms is entered into the experiment
file by HSTINS when the histogram is first read.

(' HST hh BANK ', | 5) 1 BANK
The counter bank number for the diffractometer.
(' HST hh CHANS', 61 10) HOLDOFF, | CLMP, NCHANS, CHEKHST, MCHANS, | SAMP

The holdoff for the first channel in the output powder histogram fromPOWPREF
(HOLDOFF), the number of origina data channels combined in each bin (ICLMP),
number of stepsin the original profile (NCHANS), a checksum for the intensities
(CHEKHST), the number of bins used in the calculations (MCHANS), and the sampling
frequency (ISAMP). The checksum is computed from the raw data and is used to check
whether a data set has been read previoudly.

(' HST hh DUMWY' , 110, 2X, A, 3X, 2F10. 3) NCHAN, Bl NTYP, ( BCOEF(1), | =1, 4)

These are the control values needed for dummy powder histogram generation. NCHAN is
the number of channels desired, BINTY P is either 'CONST" or 'LOG6' and BCOEF
includes the holdoff for the first channel and either the step size or the clock increment.

(' HST hh EPHAS , 915) (EPHAS(1),1=1,9)

Flags to control the extraction of integrated intensities for the reflectionsin the histogram.
The flags are generated in EDTEXTFOS and read in various placesin GENLES.
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(" HST hh 1 CONR , 3F10. 0, 2X, 3A1, 4X, 11, F10. 0, 1 5, F10. 0)

Dl FC, DI FA, ZERO, | REF, | DAMP, POLA, | POLA, KRATI O
(" HST hh 1 CONS' , 3F10. 0, 2X, 3A1, 4X, 11, F10. 0, 15, F10. 0)

Dl FC, DI FA, ZERO, | REF, | DAVP, PCLA, | POLA, KRATI O

These are the diffractometer constants for a powder diffractometer. In the case of a TOF
diffractometer the constants relate d-spacing and TOF inpsec. For CW data the same
record holds wavelength data, LAM1 and LAM2, in place of DIFC and DIFA and
KRATIO isadded to the record. The polarization coefficient POLA is absent for neutron
data. The ICONR record containstheinitial values for these coefficients as obtained from
the instrument parameter file and is used to reset the valuesif needed. These are edited by
EDTDIF, input by DIFSINP and output by DIFSOUT.

(' HST hh MAXRF' , | 5) MAXRF

The maximum number of overlapping reflections for any point in the powder pattern. This
value is determined by HSTMACH in POWPREF and is used to determine the size of
the arrays that hold reflection information in PDCALC.

(' HST hh NEXC ', I 5) NEXC

The number of excluded regionsin the pattern. There is always at least two; one for the
short end of the pattern and one for the long end. These are edited by EXCLCHG. The
first excluded region record for TOF data and the last one for CW data can be modified
only by setting the minimum d-spacing in ESTDMIN.

(" HST hh NFXB ', |5) NFXB
The number of fixed background pointsin this histogram.
(" HST hh NPHAS', 91 5) NPHAS

Phase flags for this histogram. The value of each flag is 1 if thereisjust nuclear phase
information, 2 for mixed nuclear and magnetic phase information, 3 for magnetic only
phase information, or zero if the phaseis absent. Thisrecord isupdated by EDTHPHAS
and isread in many placesin GSAS.

(" HST hhABSCOR , 2E15. 6, 4X, Al, 21 5) ABSCOR( 1), | =1, 2, | REF, | DAMP, | ABTYP

The powder absorption coefficients, refinement flag, damping flag, and absorption type
flag. These are edited by EDTABS and input and output by ABSCINP and ABSCOUT,
respectively.

(' HST hhBAKGD ', 215, 4X, AL, | 5, 4X, A1) BTYP, NCCF, | REF, | DAMP, | FULL
(" HST hhBAKGDc' , 4E15. 6) (BCOF( 1), 1 =1, NCOF)
c =1to 1+(NCOF-1)/4

The first record contains the background function type, the number of coefficients
(maximum of 36), refinement flag, damping factor and full background refinement flag.
The second and subsequent records contain the coefficients. These are edited by
EDTBAK and are input and output by BACKINP and BACKOUT, respectively.
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(" HST hhBNKNAM , A) BNKNAM

The name of the data bank used to collect the histogram. This name for TOF instruments
usually gives the detector bank location. The record is purely for descriptive purposes.

(" HST hhBNKPAR , 5F10. 0, 21 5) DI ST, TTHETA, TI LT, SEPN, HGHT, NTUBE, | TUBE

This record describes a TOF detector bank. Thisdatais used by FSTBUSBIN to compute
the spectrum shift factors required to bin multiple detectors into a single data set when the

' HST hhBNKTCc' records are absent. The second term, TTHETA (29), isread as part of
the preparation of powder plot titles and for powder absorption and extinction calculations.
Thisrecord originated from the instrument parameter file.

(' HST hhBNKTCc' , 8F8. 2) (DI FC(1), | =1, NTUBE)
c =1to 1+(NTUBE-1)/8

These are the individual DIFC values for each tube in abank of detectors; these are used by
FSTBUSBIN to calculate the spectrum shift factors. Aswith the previous record, these
records are copied from the instrument parametersfile.

(" HST hhEXCeee', 2F10. 3) (EXCM 1), EXCX(1), | =1, NEXC)
e =1 to NEXC

The excluded regions from EXCM to EXCX in msec or degrees 29; there are at |least two
of these records. These records are edited by EXCLCHG and ESTDMIN. The
excluded regions are marked in the profile by HSTPROC.

(" HST hhFXB cc', 3F10.2) (TOFB( 1), BAK(1), SBAK(1), | =1, NFXB)
c =1 to NFXB

The position, fixed background and estimated error in the fixed background value. If these
are present they should include a point at each end of the histogram even if the values are
zero at those points. These are edited by FBAKCHG.

(" HST hhHSCALE' , G15. 6, 4X, A1, 4X, | 1) SCALE, | REF, | DAVP

Scale factor for this histogram, refinement flag and damping flag. The net scale factor for a
phase in a powder histogram in the product of this scale and the ' HAP PHSFR listed
above. Thisfeature can be used in multiphase mixtures to separate the phase fraction from
the histogram scale. Editingisdone by EDTHSCAL, least squaresinput by

HSCALINP and output by HSCALOUT.

The next series of five record types characterize the incident spectrum and are copied from
the instrument parameter file. The data are defined by the programFITSPEC. All of
these are read by HSTPROC the first time a powder histogram is processed by
POWPREF.

(" HST hhl HEAD , 2X, A66) | HEAD

A title taken from the incident spectrum raw datafile.
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(" HST hhl I TYP , 15, 2F10.4,110) I TYP, TM N, TMAX, CHKSUM

Theincident intensity function type, the minimum TOF, the maximum TOF over which the
function can be applied and a checksum on the incident spectrum. The latter is used to
check if thisincident data has been applied to another histogram.

(" HST hh TRNGE', 2F10. 5) TM N, TMAX

The actual range of datain msec TOF or degrees 20 as delimited by the excluded regions.
Thisrecord iswritten by HSTPROC and is used by BACKCAL and CALCBAK for
computing function #1 (Chebyschev series).

(" HST hhl COFFc' , 4E15. 6) (VINC(1),1=1, 12)
c=1to 3

Coefficients for the incident intensity function; they are expressed in terms of TOF in
milliseconds. If ITYP aboveis zero these records are not needed.

(" HST hhl ECOFc' , 4E15. 6) (SINC(1),1=1, 12)
c=1to 3

The o'sfor each of the coefficients. If ITYP aboveis zero these records are not needed.

(" HST hhl ECORc' , 10F6. 3) (PINC(1),1=1, 78)
c=1to 8

The elements of the correlation matrix in upper triangular form for the incident intensity
coefficients. Thesewith theo's are used to calculate the o in the calculated incident
intensity at each point in the profile. If ITYP above is zero these records are not needed.

(' HST hhPRCFn ', 215, F10.5, 4X, 11, 20A1)
PTYP, NCOF, CTOF, | DAMP, (I REF(1), I =1, NCOF)
n = 1, NTYP
(" HST hhPRCFnc', 4E15. 6) (COF(1), I =1, NCOF)
c =1to 1+(NCOF-1)/4

These records give the NTY P sets of profile functions available for the histogram with their
default coefficients. Thefirst record contains the powder profile type, number of
coefficients, cutoff factor, damping flag and a refinement flag for each coefficient. The
second and subsequent records (c = 1,...) contain the coefficients with four per record.
These records are obtained from the instrument parameter file and are copied to the ' HAP
records listed above to initialize the profile coefficients for the specific histogram/phase
combination. If the user changesto adifferent type of profile function, these records are
the source of the starting values. Thefirst set defines the default profile function type for
this histogram, i.e. PTYP for the first set does not have to be 1.

Single crystal histogram records
The following records appear when the histogram isfrom asingle crystal diffractometer.

Some are only needed for x-ray or CW neutron diffraction data. Any records that are
specific to TOF instruments are described in the next section.
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(" HST hh INST',15) I NSTNO
Record pointing to the appropriate instrument parameter records.

(" HST hh CDAT1', 2(2X, A), 1X, L1, 3F6. 3) DATASRC, ABSTYPE, PRTREF,
SHPRAD, ERRI NS, DSVAX

Histogram dependent control datafor SCABS. DATASRC isthe radiation type (i.e.
CuKa), ABSTY PE isthe absorption correction type, PTREF isalogical controlling the
printing of reflections by SCABS, SHPRAD isthe sphere radiusin mm, ERRINS is the
instrument error constant and DSMAX is the maximum value of d*. Written by
EDTSCAB and read by SCABS.

(" HST hh NPSI ', 415)NPSI, PSI HKL

The number of measurements of the y-scan reflection and itshkl index. Thisrecord is
written by PSISCNDTA in CAD4RD and read by EDTSCAB and SCABS for
absorption corrections.

(" HST hh NREFM , I 5, F10. 4) NREFM DM N

Used only for single crystal data collected with constant wave-length methods. This gives
the number of reflections in the merged data set generated by SCMERGE. The DMIN is
carried over from the raw unmerged data set. Thisisthe number of reflectionsin the
"EXPNAM".REFMhh reflection file.

(" HST hhCOS2TM , F10. 5) COS2TM

For single crystal x-ray diffractometers equipped with a monochromator, the value of
CoS 20m,. It isused to calculate the Lorentz-polarization correction as part of the single
crystal extinction calculation.

(" HST hhFSQVAX , E15. 6) FSQVAX

Thissingle crystal datarecord iswritten by SCABS and is used to format the output of
reflection datafrom REFLIST.

(" HST hhLAMBDA' , 3F10. 5) LAMBDA

The values of the x-ray or neutron wavelengths for a CW single crystal experiment. Itis
used in the extinction calculations.

(' HST hhO-CHI ', F10.3)CHI 0
(' HST hhO- OMG ', F10. 3) OMX®
(' HST hhO-PH ', F10.3)PHI O

These three records give the orientation angles for the crystal as mounted on asingle crystal
goniometer. They are used in SCABS to calculate to orientation matrix in preparation for
absorption corrections.
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(" HST hhPSI | NT' , F10. 5) PSI | NT

Interval in degrees for the y-scan. Written by PSISCNDTA in CAD4RD and read by
SCABS.

(' HST hhPSI Am' , 9F7. 4) ( PHI ANG( | =1, MPSI )
n=1to MPSI/9

The y-angles at which the y-scan data were measured. This datais associated with crystal
element 'm'. There usually are 360/PSIINT valuesin the list, but some points may be
missing for various reasons. This datais written by PSISCNDTA in CAD4RD, can be
edited in EDTSCAB in EXPEDT and isread and used by SCABS.

(' HST hhPSI Vam' , 9F7. 4) ( PHI COR( | =1, MPSI )
n=1to MPSI/9

The normalized y-scan intensities. This datais associated with crystal element 'm'. There
are 360/PSIINT valuesinthelist. Thisdataiswritten by PSISCNDTA in CAD4RD can
be edited in EDTSCAB in EXPEDT and is read and used by SCABS.

(" HST hhTRNSLM , 2E15. 6) TRVX, TRWN

The maximum and minimum values for the transmission (1/absorption) for this histogram
as computed by SCABS which writes this record.

SCD instrument histogram records
These records are unique to TOF neutron single crystal diffractometers (SCD instruments).
(" HST hh NREFF', | 5) NREFF

The number of reflections found by FINDPK in this histogram. Thisisthe number in the
"EXPNAM".REFFhh reflection file.

(" HST hh NRRWMFL', 2X, A66) SCDNORMFI LE

The name of the data normalization file for this histogram of SCD data. Thisfile contains
theincident spectraand the detector nonuniformity correction data. Thisfileiswritten by
DNORMS and isread by NORMS.

("HST hh REDHS ,A) 'T run at hh:mmss on dd- nmmyy'

Date and time that this SCD histogram was introduced into the GSAS system. Thisrecord
iswritten by REDHST.

(" HST hhCHI ', F10. 3) CH

This record gives the diffractometer setting angle, x, for thishistogram. Datais written by
REDHST and read by INSTDAT.



9/2/94 GSAS TECHNICAL MANUAL PAGE 161

(' HST hhDETA' , F10. 3) DETA
(' HST hhDETD ', F10. 3) DETD

These records give the nominal 20 angle for the SCD detector and the distance of the
detector center from the sample. These records are written by REDHST and they are read
by INSTDAT.

(' HST hhDMVPTI M , A)

Thisrecord iswritten by REDHST and gives the time that this histogram was dumped by
the SCD instrument.

(' HST hhELAPSD , | 10) ELAPSD
(' HST hhEVENTS', | 10) EVENTS

These records are written by REDHST and gives the el apsed time for the data collection of
this histogram and the number of events (counts) in the histogram.

(" HST hhFILTYP , 2X, A8) FI LTYP

Thisrecord is used to differentiate between the several types of SCD histogramsthat are
supported by GSAS. Therecord iswritten by REDHST and read by INSTDAT.

(* HST hhHGVCNT' , | 10) HGVCNT

Thisisthetotal count in an SCD histogram, it iswritten by REDHST.
(* HST hhIRUN ', 15)RUN

The SCD data run number, written by REDHST.

(* HST hhl SCALE' , F10. 5) | SCALE

The scaling factor used to place this histogram on the same relative scale as the first
histogram in the set. Thisscaleis determined from the ratio of the total monitor count in
the first histogram to that of the current histogram. The record is written by
INTEGRATE.

(' HST hhMONCNT' , | 10) MONCNT
The total monitor count for this SCD histogram. It iswritten by REDHST.
(' HST hhOVEGA ' F10. 3) OVEGA

This record gives the diffractometer setting angle, w, for this histogram. Datais written by
REDHST and read by INSTDAT.

(" HST hhPH ', F10. 3) PHI

This record gives the diffractometer setting angle, ¢, for this histogram. Datais written by
REDHST and read by INSTDAT.
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(' HST hhSCLRAn' , 1 10, A) SCLR, NAVE

These records contains the scaler data collected with the histogram. They are written by
REDHST.

(" HST hhTBIN ', F10.2) TBIN

The record contains the length of a clock tick in microseconds. It iswritten by REDHST
and isread by INSTDAT.

(" HST hhTI MDLY' , F10. 2) TI MDLY

The time delay in microseconds before starting the data collection on the SCD instrument.
Thisrecord iswritten by REDHST and isread by INSTDAT.

(' HST hhTI MEnn', 101 6) (TI ME(1), | =1, WLNUM)

This SCD datarecord gives the number of clock ticks from the start of data collection to the
end of the current bin. The dataiswritten by REDHST and read by INSTDAT.

(" HST hhTLIM T ,F10.2) TLIMT

The time at which the TOF data collection scan is stopped on SCD in microseconds. This
isidentical to TIMDLY+TBIN*TIME(WLNUM). The record iswritten by REDHST and
read by INSTDAT.

(' HST hhTOTCNT' , | 10) TOTCNT

Thetotal count in the histogram and monitor spectrafor this histogram. Therecordis
written by REDHST.

(" HST hhTZERGS' , F10. 0) TZERCS

This SCD data record contains the total number of neutron pul ses which were used to
collect this histogram. The datarecord iswritten by REDHST and isread by HSTPLOT
which uses it to determine the apparent instantaneous count rate in the area detector on
SCD.

(' HST hhW.MAX ', F10. 3)
(' HST hhWLM N ', F10. 3)

These records give the range of neutron wave lengths used in collecting this histogram.
The data are written by CEL L L SQ when the |attice constants and crystal orientation
information are refined.

(" HST hhWLNUM ', | 5) WLNUM
(" HST hhXNUM ', 1 5) XNUM
(" HST hhYNUM ', 15) YNUM

The number of data channelsin this histogram in thex, y and time or wave length
directions. These data are written by REDHST and read by INSTDAT.
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Soft constraint histogram records

In the special case of a histogram consisting of expected interatomic distances with esd's
the histogram consists of the following three record types. The histogram typeis'RSN .

(" HST hh FACTR , Gl15. 6) FACTR

The multiplier for the contributions from this histogram to the minimization function. This
can be used to control the influence of the "soft constraints' on the refinement. Zeroisa
permissible value which results in weighting the restraints at approximately the same level
asthe other data, i.e. it sets the value of FACTR to the goodness-of-fit (reducedy?).

(' HST hh NBNDS', | 5) NBNDS
The number of expected interatomic distances for this histogram.

(" HST hhBNDnnn', 81 3, 2F6. 3)
| PHAS, ATSER1, ATSER2, | SYM | LATT, | A, 1 B, 1 C, DI ST, ESD
n = 0, NBNDS

The expected interatomic distance with esd from atom ATSER1 to ATSER? after
application of symmetry operator number I1SY M, the lattice trandation number ILATT and
the unit cell trandations |A,IB and IC.

Single crystal instrument data records

The following records characterize the single crystal diffractometer used in the experiment.
Currently GSAS islimited to asingle instrument description for such instruments. Some
of these records are unique to TOF neutron single crystal instruments while others apply to
all single crystal instruments.

("INST  DFIL', 2X, A66)

Name of the experiment file upon which the valuesin the instrument parameter file are
based. This record was originally written by INSTL SQ when the instrument parameters
were last updated.

(" INST | FIL', 2X, A66)

Name of the instrument parameter file which was read into this experiment.

("INST  NAME ', 2X, A66) NAVE

A title entered in the instrument parameter file to provide further identification of thefile.
(" INST  RDATE' , 2X, AG6)

Date and time of the last instrument parameter refinement.



PAGE 164 GSAS TECHNICAL MANUAL 9/2/94

(' INST ATTNWW , 7F9. 0) WAVE, (ATTN(1), | =1, 6)

The six attenuator coefficients for the CAD4 instrument. Thereisa set for each of the
standard wavelengths (ww = CU, MO, etc.). Thisrecord can be edited by CAD4RD and
isused by that program to correct the reflection intensities upon initial input.

("INST BCH ', 2F10.3)BCHI, Sl GBCH
(" INST BDETA ', 2F10. 3) BDETA, SI GBDETA
(" INST BDETD ', 2F10. 3) BDETD, S| GBDETD
(" INST BOMGA ', 2F10. 3) BOVGA, S| GBOVGA

These data records give the biases on the angles and detector distance needed to establish
the true zero points and their estimated errors for the instrument. These data are obtained
by least squares refinement of reflection position data obtained from a small standard
sample (i.e. aruby sphere). The data are copied from the instrument parameter file by
GSCDINST and areread by INSTDAT. They are updated by INSTL SQ which can be
used to modify an existing instrument parameter file or write a new one.

("INST CHID ',2F10.3)CH D, SI GCHI D

The angle that the plane containing the detector center and the incident beam makes with the
plane normal to the instrument w axis. Thisangleisrefinable in the program INSTL SQ.
Therecord isread by INSTDAT.

("INST CHIR ',F10.5)CH R
('INST OMGR ', F10.5) OVGR
("INST PHIR ',F10.5)PH R

The sense of each of the rotation axesy, w and ¢; +1 for right handed rotation and -1 for
left handed rotation about the standard coordinate axes with the single crystal goniometer in
the reference orientation. The standard coordinate axes are centered at the sample with the
x-axis pointing toward the source and the z-axis pointing along thew axis away from the
goniometer drive (usually "up"). The goniometer reference orientation has theg-axis
coincident with the w-axis and the standard z-axis and thex-axisis coincident with the
x-axis. Theserecords are only needed for single crystal histograms.

("INST DETA ', 2F10. 3) DETA, SI GCDETA
("INST DETD ', 2F10.3)DETD, SI GDETD

The effective 20 value and its sigma of the SCD detector center. Refined and written to the
instrument parameter file by INSTL SQ.

("INST FILTYP , 2X, A8) FI LTYP
The flag differentiating the various SCD data formats.
("INST L1 ', 2F10. 3) XTALD, S| GXTALD

The distance from the source, moderator, to the crystal in millimeters on the SCD
instrument. Thisistheinitia flight path length. It isrefined and written by INSTL SQ.
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("INST PHID ',2F10.3)PH D, SIGPH D

The angle of rotation the detector about the line from the crystal to the detector center. This
angle isrefined and written by INSTL SQ.

("INST TBIN ',F10.3)TBIN

Length of a clock tick used for the instrument parameter data collection. Written by
INSTL SQ, normally not used elsewhere.

("I NST TZERO ', F10. 3) TZERO

The zero-time offset for SCD data. Thisvalueisrefined by INSTL SQ which writesit to
the instrument parameter file.

("INST WBOX ', 15)
A flag defining the type of time binning used for SCD data.

(" INST XBIAS ', 2F10. 3) XBI AS, S| GXBI AS
(" INST XWDTH ', 2F10. 3) XWDTH, SI GXWDTH
(" INST YBIAS ', 2F10. 3) YBI AS, S| GYBI AS
(" INST YHGT ', 2F10. 3) YHGT, S| GYHGT

The SCD detector miscentering and height and width values and their sigmas. These
values are refined by INST L SQ which writes them to the instrument parameter file.

("INST XNUM ', 15)XNUM
("INST YNUM ', 15)YNUM

These nominal values of XNUM and YNUM are the values for the last experiment used to
revise the instrument parameter file. They were written by INSTL SQ to the instrument
parameter file and copied to here by REDHST. It may have been rewritten by

INSTL SQ.

Constraint records

The next set of records are the constraints relating the parameters to the set of variables
actually refined by the least squares. These constraints are edited by routines called by each
of the parameter editing routinesin EXPEDT.

(' LEQV cccce ', 101 5) EQUNO, (NREC(1), | =1, EQVNO)

This record gives the number of equivalence constraints and the number of terms each for
the overall parameter cccc. The overall parameter names are 'ABSC ', 'BKnn ',

'DIFA ', 'DIFC', 'EXTP', 'EXTn', 'FPc', 'FPPc', 'HSCL ", 'LAM1’,
PFnn", POLA ', 'PRFO', 'RMTN ", 'SCAL ', 'KRAT 'and 'ZERO".

(" LEQV cccennmi, 3(2X, A8, F10. 3) ) (CONSTR( 1), VALUE(1), | =1, NEQV)
n=1to EQUNO and m= 1 to NREC(n)

These records give theindividual constraint terms for the overall parameter cccc, where
CONSTR is acharacter string giving the range of histograms (as 'h’) or phases and
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histograms (as 'p,h") whose overall parameters 'cccc' are to be constrained and VALUE is
the coefficient. Allowed strings for 'p' and 'h'" are 'a for a single histogram or phase,

‘ab’ for a sequence from 'a to 'b' where'a and 'b' are integers and 'ALL' for all
histograms or phases. For example'2:4,ALL' refers to phases 2 through 4 for all
histograms. In the case of 'RMTN' constraints, CONSTR is the character string

P RM j ', where'p' is the phase number and 'ij' is the reciprocal metric tensor indices
for the element to be constrained.

(" LEQV HOLDBhh' , 6(2X, A8)) (PNAM I ), I =1, N)

This record gives the parameter names of any background coefficients for histogram 'h'
that are not to be refined. A maximum of six background coefficients can be held constant
for each histogram.

(' LEQV HOLDL p', 6(2X, A8)) (PNAM 1), 1=1, N)

This record gives the names of any reciprocal metric tensor elements for phase 'p' that the
user requires to be fixed beyond those that are fixed by symmetry.

(' LEQV HOLDpnn' , 6(2X, A8)) (PNAM 1), 1 =1, N)
n = 1, (NHOLD- 1)/ 6+1

These records list those atom parameters for phase 'p' that the user requires to be fixed
beyond those that are to be fixed by symmetry.

(" LNCNnnnnnmmmm , 2X, 4( A8, F8. 4) ) ((PNAM I, J), CNST(1,J), J=1, NTRM ,
=1,
n=1to NONand m=1to (NTRM1)/4+1

where NCON is the number of constraints, NTRM is the number of termsin each
constraint, PNAM isthe parameter name and CNST isthe coefficient. The parameter name
is constructed from the phase, atom numbers and the individual variable name. For
example,' 1 2FRAC , refersto phase 1, atom 2 and atom fraction.

ORTEP records

The next set of records are written by ORTEP and hold the last set of atoms and bonds to
be drawn by that program for phase 'p'.

(" ORTp  NATOM , | 5) NATOM
The number of atom designator codes to be found on the' ORTp  ATMBnn' records.
(" ORTp  NBOND , | 5) NBOND

The number of bond descriptor recordsto be found on the' ORTp  BONDnn' records
below.
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(' ORTp ATMBNN' , 6F10. 0) (ADR(1), | =1, NATOW
n = 1, (NATOM 1)/ 6+1

The atom designator codes for the atoms to be drawn by ORTEP. An atom designator
code 'aaacccss' is composed of three parts; the first, 'aad, is an atom serial number, the
second, ‘ccc’, isthe unit cell designators along a,b and c for the location of the atom and
the third, 'ss, is a symmetry operator designator.

(" ORTp BONDnn', 515,3F10.4)10R1, 1 OR2, | TARL, | TAR2, | BOND, DM N, DMAX, RADI
N = 1, NBOND

A bond descriptor record. The bond starts at atom serial numbers IOR1 to IOR2 and ends
at atom serial numbers ITARL to ITAR2, the bond is drawn with twice IBOND lines over
the range of DMIN to DMAX bond lengths using astick of RADI A in radius.

Rigid body records

The next set of records occur when arigid body is described as part of the structural model
in any of the phases. These begin with descriptions of the rigid bodiesin Cartesian space
and are independent of the crystal structure in which they occur.

(*RGBD NRBDS ', |5)NRBDS

The number of rigid bodies to be described.

(* RGBD n NATR ', | 5) NATR

The number of atomsin rigid body 'n'.

(* RGBD n NBDS ', | 5) NBDS

The number of timesthisrigid body is used in all phases.

(* RGBD n NSMP ', | 5) NSMP

The number of trandation operators (Symmetry parameters) needed to build the rigid body.

(' RGBD nnPARM ', F10. 5, 21 5) SDI ST, | VAR, | DAVP
m = 1, NS\WVP

The magnitude of the trandation operator 'm', the variable number in the |east-squares
matrix and damping flag. The variable number can be either unique or the same as another
tranglation operator magnitude in which case they will be taken as the same least squares
variable.

(" RGBD nnSCiii', 3F10.7)TRX, TRY, TRZ
i = 1, NATR and m = 1, NSMP

Three tranglation operators on Cartesian xyz axes for atom 'i', these are multiplied by
SDIST from the associated' RGBD nnPARM ' record to give the new atom location in
Cartesian coordinates. The NSMP trand ation operators are successively applied to the
NATR atoms to complete therigid body. Each of the NSMP operations hasits own
SDIST multiplier, least-squares matrix location and damping factor.
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Therigid bodies defined in Cartesian space are placed in crystallographic space for each
phase where needed by the following records.

(' RGBDpn NBDS' , | 5) NBDS
The number of times rigid body type 'n' occursin phase 'p'.
(' RGBDpnr  NDA', | 5) NDA

The atom sequence number for the first atom of rigid body 'r'. All atomsin arigid body
are stored in the experiment file in sequential locations. There must be 'NATR' atomsin
the atom list with serial numbersin sequence starting with 'NDA'. These atoms can not be
part of any other rigid body.

(' RGBDpnr BDFL', 915, 91 1)
(1 BDORI (1), 1=1, 6), (1 BDLOC(1),1=1, 3) (I DAMP(1), | =1, 9)

L east-squares matrix locations, variable numbers, for the six rotational variables and the
three trandational variables and their respective damping flags. The variable numbers are
normally unique, but they may be the same as the variable numbers for another variable of
the same type in which case they will contribute to the same termsin the |east-squares
matrix and have the same shifts are applied to each of them.

(' RGBDpnr BDLC , 3F10. 7) BDLOC(1), 1 =1, 3)

Three fractional unit cell coordinates for the location of therigid body origin. The IBDORI
codes are used to control their inclusion in the least-squares matrix.

(' RGBDpnr BDOR , 6(F8.3,12)) (BDORI (1), JAXI S(1),1=1, 6)

The six rotations and thelr respective axes about the rigid body origin. These rotations
operate on the Cartesian coordinate system associated with the rigid body. The axes arethe
three reference axes x,y and z represented by 1,2 and 3, respectively. Thereference
coordinates are coincident with the unrotated rigid body Cartesian coordinate system and
are aligned with the crystallographic coordinate system so thatx is parallel to a, zis paralle
to axb andy is parallel to (axb)xa. The atomic coordinates are then generated by applying
the six rotations to the rigid body coordinates, transforming the result to crystallographic
fractional coordinates and finally placing origin of therigid body at BDLOC in the unit cell.

(' RGBDpnr LSTF', 1 5) LSTF

The thermal motion model flag. If itiszero the thermal motion for each atomin therigid

body is represented by either one U or siX Ujj. Those parameters are given with the atom
coordinatesonthe' CcRsp ATmmB' records. If LSTFis 1 then the thermal motion for the
entire rigid body is represented by the TL S tensor which is given on the next set of records.

(' RGBDpnr TLSF1', 201 3) (1 TLS(1), | =1, 20)

L east-squares matrix locations for the six T and L matrix variables and the eight S
variables. The variable numbers are normally unique, but they may be the same asthe
variable numbers for another variable of the same type in which case they will contribute to
the same terms in the |east-squares matrix and have the same shifts are applied to each of
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them. These values are not checked by GSAS for consistency with constraints which arise
due to crystallographic symmetry.

(' RGBDpnr TLSP1' , 6F8. 4, 2F8. 2) (TLS(1), 1 =1, 8)
(' RGBDpnr TLSP2' , 4F8. 2, 4F8. 4) (TLS(1), 1 =9, 16)
(' RGBDpnr TLSP3' , 4F8. 4) (TLS(1), 1 =17, 20)

The six T matrix elements, the six L matrix elements and the 8 unique S matrix elements for
the thermal libration tensor for therigid body. The format changes are to accommodate the
different scales of values for the three matrices. The T matrix elements arein A2, the L
matrix elements are in degrees? and the S matrix isin degree-A.

Thelast record
(' 222777777777 Last EXP file record')

Thisisthelast record in any experiment file. Its presenceis checked each timethefileis
opened by any program in GSAS. If it is absent the program terminates with an error
because the integrity of thefile is questionable.

Handling of EXPNAM .EXP File by GSAS

When the experiment file is opened by one of the routinesin GSAS that is capable of
extensively modifying its contents (EXPEDT or GENLES), anew version isusually
produced. The new version isthen modified either interactively (as by EXPEDT) or
updated (as by GENLES) to reflect the new values. The next routine inGSAS to access
the experiment file then opens this new version. In essence these two routinesinGSAS
operate on the experiment file in much the same way as many system routines (e.g.
EDIT/EDT inVMS or vi in UNIX). The other routines that only dightly modify the
contents of the experiment file (i.e. FOURIER, POWPREF, ORTEP) and those that
just read the contents (i.e. POWPLOT, FORPLOT) do not make new versions.
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EXPNAM .REFnnx - The Reflection Files

These are fileswhich contain a set of reflections for each histogram entered in the
experiment file. The filename extension contains the histogram number 'nn’ and a letter 'x'
indicating the type of reflection information in the file. For powder data'x' is'P, for
single crystal data'x' is'S, for FINDPK output reflections 'x' is 'F and for merged
single crystal data'x' is'M'. Itisan unformatted direct access file; each record contains up
to 36 dataitems.

For powder data there are 18 data items stored for each reflection

DATA(1) =HKL(1) h index

DATA(2) =HKL(2) k index

DATA(3) =HKL(3) | index

DATA(4) = MUL reflection multiplicity

DATA(5) =1CODE reflection code

DATA(6) = PRFOCOR preferred orientation correction
DATA(7) =DSP d-spacing

DATA(8) =LAM incident wavelength

DATA(9) = FOSQ observed Fg2

DATA(10) = SIGFO esd in Fp2

DATA(11) = FOTSQ Fo2 corrected for extinction and on scale of Fg2
DATA(12) = FCSQ Fc2 with scale and extinction applied
DATA(13) = FCTSQ Fc2 on absolute scale

DATA(14) = PHAS phase angle for reflection (0-360°)
DATA(15) = TRANS transmission factor

DATA(16) = EXTCOR extinction correction

DATA(17) = PROFLP sum of profile function

DATA(18) = TOF time-of-flight

For powder data POWPREF writes the front, center and ending TOF or 2o for each
reflection in DATA(11)-DATA(13); these are overwritten by GENL ESfor those
reflections that fall within the powder pattern. The reflection code, ICODE, contains flags
indicating the status of the reflection. For refinement ready powder datait is

ICODE = IPHAS*1000 + ILAM*100 + 10NUCORMAG + [USE

where

IPHAS is the number of the phase for the reflection,

ILAM iswavelength flag
=0 for TOF dataor reflections arising from radiation of wavelength LAM1
=1 for wavelength LAM2

NUCORMAG is aflag indicating the status of a magnetic reflection
=1 space group alowed rmagnetic reflection
=2 space group extinct magnetic reflection

IUSE is aflag giving symmetry information about Fg
=1 for space group allowed reflections
=2 for space group extinct reflections

For single crystal diffraction data ('x' is'S) all 36 dataitemsin the following list are used,
for merged ('x' is'M") only the first 22 items are used and for FINDPK data (X' is'F)
only thefirst 21 are used.
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DATA(L) =HKL(1) hindex
DATA(2) =HKL(2) k index
DATA(J) =HKL(3) | index
DATA(4) =MUL reflection multiplicity
DATA(5) =|CODE reflection code
DATA(6) =INCDNT incident intensity for reflection position on TOF area detector
=PS Y angle for datafrom a standard 4-circle instrument
DATA(7) =DsP d-spacing
DATA(8) =LAM incident wavelength
DATA(9) = FOSQ observed F?
DATA(10)  =SIGFO esd in Fg?2
DATA(1l) =FOTSQ Fo2 corrected for extinction and on scale of Fg2
DATA(12) =FCSQ Fc2 with scale and extinction applied
DATA(13) =FCTSQ Fc2 on absolute scale
DATA(14) =PHAS phase angle for reflection (0-360°)
DATA(15) =TRANS transmission factor
DATA(16) =EXTCOR extinction correction
DATA(17) =WTFO weight for Fo? used in least squares
DATA(18) =TOF time-of-flight
=PHI diffractometer angle for crystal orientation
DATA(19) = XDET X detector position on TOF area detector
=CHI diffractometer angle for crystal orientation
DATA(20) =YDET Y detector position on TOF area detector
=OMEGA diffractometer angle for crystal orientation
DATA(21) =PEAK single crystal integrated intensity
DATA(22) =TBAR absorption weighted mean path through the crystal
DATA(23) = PKFRAC fraction of peak included in the integration of SCD data
DATA(24) = SIGMAI esd on PEAK
DATA(25-27) = SCR1 incident beam direction
DATA(28-30) = SCR2 scattered beam direction

DATA(31-33) = FAMAG Real part of the magnetic structure factor
DATA(34-36) =FBMAG Imaginary part of the magnetic structure factor

For single crystal data of all typesthe reflection codeis
|ICODE = IPHAS*10000 + IELEM*1000 + IMAG*100 + IFRD*10 + IUSE

where

IPHAS is the number of the phase for the reflection

IELEM isthe crystallite element number

IMAG is aflag indicating the status of a magnetic reflection
= 1 space group allowed magnetic reflection
= 2 space group extinct magnetic reflection

IFRD isaFriedd pair flag
=1 for reflection with "standard indices’
=2 for the Friedd related reflection

IUSE isaflag indicating the status of a nuclear or x-ray reflection
=1 for space group allowed reflections
= 2 for space group extinct reflections
= 3 space group allowed magnetic reflection with fractional indices
= 4 space group extinct magnetic reflection with fractional indices

Thisfile is opened by OPNREFX, written by WRTREFx and read by REDREFx where
xisP, Sor F. The'M'typefiles are opened, read and written by the'S' routines.
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EXPNAM .Phh - The Histogram Files

Thereisahistogram file'EXPNAM.Phh' for each powder histogram in the experiment
file, and the value of hh matches the histogram number. These files are blocked,
unformatted, direct accessfiles; each "record" consists of

ICODE profile point status code

T time of flight in psec or 2CE in centidegrees. The position is the center of the channel
for TOF data

YO total observed intensity

YC calculated intensity excluding fixed background

YI incident intensity

YB fixed background intensity

YW weight

cw channel or step width in same unitsas T

IOVLP reflection range code

The profile point status codeis a bit pattern with the following definitions

BIT(0) profile point has only background intensity

1
BIT(O) 0 profile point has reflection contributions
BIT(2) 1 profile point isin excluded region
BIT(2) -0 profile point is in usable region
BIT(2-10) 1 profile point coincides with reflection position
BIT(2-10) 0 profile point not at reflection position

The bit number for the peak position markers, BIT(2-10), are IPHAS+1. These are used
by the plotting program, POWPL OT, to mark the reflection positions for each phase.
These codes are generated by HSTPROC and HSTMACH in POWPREF.

The reflection range code, IOVLP, is given by
| OVLP = CHI GH 16384 + CLOW

where CLOW and CHIGH are the first and last, respectively, reflection numbers that
contribute to the profile point. These are determined by HSTMACH in POWPREF.
Obvioudly, the reflections that contribute may come from different phases; they are all
mixed together in ascending order of TOF or 2o of their leading edgesin the reflection file.

These "records' are entered into an array by WRITPRF; when full the block iswritten to
the histogram file. Similarly, the "records’ are read from the array by READPRF; if a
requested "record” is not in the current array anew block is read from thefile.

EXPNAM.CMT - Variance-Covariance File

The variance-covariance information required by DI SAGL iswritten as a sequential
unformatted file by WRCOVAR. Itisread by RDCOVAR. These routines also open
thisfile. Theold version of thisfile, if it exists, is deleted by WRCOVAR and a new one
is created and written. Thefile consists of three large logical records each of whichis
described below.
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NCYCLE, NUMPAR, ( PARNAMS( 1), | =1, NUMPAR) , NUWAR, ( VARNAMS( 1), | =1, NUWAR)

Thefirst logical record contains the least squares cycle number, the number of refinable
parameters and their names, and the number of resulting least squares variables and their
names. The number of variables can be less than the number of parameters because some
parameters may be made equivaent by symmetry or user constraints.

MATSI Z, (AMAT(1), | =1, MATSI Z)

The second logical record contains the size of the variance-covariance matrix and its
elements.

NCNSTS, (1 JONMT( 1), CONMAT( 1), | =1, NCNSTS)

The third logical record contains the number of non-zero e ements in the combined
symmetry and user constraint matrix, their indices and associated values. Thisisasparse
matrix description where only those elements with explicit non-zero values are given; the
other elements are omitted.

EXPNAM .fmp - Fourier Map Files

The Fourier map files are unformatted direct access files written by FOURPRT 4 during
the calculation of the maps by FOURIER. Thereisone of these for each possible kind of
map; they have different extensions. The extensions are FOBS, FCLC, DELF, PTSN and
DPTN which correspond to the available map types. FOURPRT4 also opens thesefiles;
any old version is deleted and a new one written. They are read by REDFMP as part of
FORPLOT, FORPLT inPLOTTER and FRSHR in FORSRH. These files consists
of two header records followed by a set of data records, one for each map 'dlice'.

NAVE, MAPTYP, (CELL(1), 1 =1, 7)

Thefirst header record contains a 66 character title, the map type (FOBS, etc.) asa4
character code (also used for the extension), and the | attice parameters and unit cell volume.
Thisrecord is skipped by REDFM P, al other routines read it.

(NXYZI (1), 1=1,3), (NXYZO(1),1=1, 3), (NXYZT(1), =1, 3),
MBECT, NRHO, RVAX, RM N, SRHO

The second header gives the number of steps along the cell edges, the starting step
position, the number of steps computed, an orientation flag and the number of density
values per dice. Thelast three values are the maximum and minimum density and the sum
of al the density valuesin the map. The step information is presented as for a hypothetical
map section with the first value for across the map, the second value down the map and the
third value for section to section. The orientation flag indicates which crystallographic axis
isnot in the sections.

(RHO(1), I =1, NRHO) , ROVX, ROWN

This record contains the NRHO density values for a section and the maximum and
minimum density in the section. There is one of these records for each section in the map.
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GSAS Standard Powder Data File

The input powder datafile for GSASisadirect access, fixed record length file. It contains
afew header records followed by blocks of data each corresponding to an individual
powder pattern. Each block is preceded by its own header. All records must be 80
charactersin length. The main header has one or two records:

(80A) TI TLE

A titlerecord isfirst; the information is used by GSASfor titlesonly. GSAS can only use
the first 66 characters of this record but it must be filled out to 80 characters.

(" I'nstrument paraneter', 60A) FNAVE

An optional record that must start with the 20 characters shown followed by the instrument
parameter file name. If thisrecord is omitted, GSAS requests this file name from the user
in EXPEDT.

Then follows a number of data blocks each beginning with a header. The header record is
in free format and has different forms depending on the type of datathat followsit. For
standard type data the header is:

(' BANK', 31, A 4F,' STD )| BANK, NCHAN, NREC, BI NTYP, ( BCOEF(1), | =1, 4)

Thefields are separated by spaces and 'BANK' must be upper case. IBANK isthe bank
number; if it is zero the data block is from the incident beam monitor. The value of IBANK
must be unique within adatafile. For TOF datathe value of IBANK must corrrespond to
the bank number found in the instrument parameter file for the detectors which produced
thedata. This correspondenceis not needed for CW data. NCHAN is the number of data
points in the block of dataand NREC is the number of records. There are 10 data points
per record so NREC is NCHAN/10 rounded up. The value of BINTY P depends on the
way the stepwidths are determined. Thisformat is suitable only when the esd associated

with each profile point can be calculated directly from the given intensity (i.e.o) = V1 ). If
the esd can not be obtained in thisway, then one of the other data formats which explicitly
input the esd should be used (see below).

If BINTYPis'CONST' then the data has a constant stepwidth; BCOEF(1) is the offset for
thefirst step and BCOEFR(2) is the stepsize, both in microseconds or centidegrees. |If
BINTYPis'LOG6' then the data has a specific logarithmic scaling for the stepwidth;
BCOEF(1) is the offset in microseconds and BCOEF(2) is either 102.4 or 409.6 which is
the allowed stepsize increment for the Los Alamos Model 6 TOF clock. If BINTYP equals
TIME_MAP then a complete time map which defines the step sizes and positionsis read
from another section of thisfile (see below) and BCOEF(1) is the number of the time map
to beread. If BINTYPis'LPSD' then BCOEF(1) isthe nominal 2o value in centidegrees
for the linear position sensitive detector (LPSD), BCOEFF(2) is the channel number for
this 20 angle, and BCOER(3) is the width of one channel in centidegrees at this position.

Usually CW datahas BINTY P equa to 'CONST' or 'LPSD' and TOF data can be any one
of the BINTY P's mentioned above except 'LPSD'.

This header isfollowed by 'NREC' records containing the data in the following format.
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(10(12, F6. 0)) (NCTR(1), YO(1), I =1, NCHAN)

where NCTR is the number of counters used to collect the data for each step and YO isthe
number of counts per counter observed. If NCTR is zero or missing then it is assumed to
be one.

Thefirst dternate form for the header is designed to handle data which has been corrected
for some instrumental effects (incident intensity, absorption, etc.) so that the weights can
no longer be derived directly from theintensities. The header is:

(' BANK', 31, A 4F,' ESD )| BANK, NCHAN, NREC, BI NTYP, ( BCOEF(1), | =1, 4)

As above the value of IBANK must be unique within adatafile. Each data point consists
of theintensity and an esd for that intensity. Thusthere are 5 data points per record and
NREC is NCHAN/5 rounded up. The values of BINTY P and BCOEF are the same as
described for the standard data header.

The datarecords arein the following form:

(10F8) (YOT(1), YE(1), 1 =1, NCHAN)

where YOT istheintensity and YE isthe esd for YOT. The decimal point must be given to
force its proper placement in these values.

The second alternate form for the header is designed to handle data which has been
collected on a diffractometer where the steps between values is somewhat uneven (e.g.
TOF data collected on the diffractometers at the | SIS Facility, Rutherford-Appleton
Laboratory, UK) The header is:

(" BANK' , 31, A 4F," ALT' ) I BANK, NCHAN, NREC, Bl NTYP, ( BCCEF( 1), | =1, 4)

As above the value of IBANK must be unique within adatafile. For TOF datathe value of
IBANK must corrrespond to the bank number found in the instrument parameter file for the
detectors which produced the data. This correspondence is not needed for CW data. Each
data point consists of the TOF, intensity and an esd for that intensity. Thusthere are 4 data
points per record and NREC is NCHAN/4 rounded up. The values of BINTY P and
BCOEF are the same as described for the standard data header with the addition of
BINTYP ='RALF which forces the use of the TOFT values below for the positions. In
this case BCOEF(1) isthe starting TOF inpsec* 32, BCOEF(2) is the width of thefirst step
in pusec* 32, BCOER(3) isthe start of the log scaled step portion of the datainpsec* 32 and
BCOEF(4) is the resolution to be used in approximating the size of each step beyond
BCOEF(3).

The datarecords are in the following form:
(4(F8.0,F7.4,F5.4)) ((TOFT(1), YOT(1), YE(1), I =1, NCHAN)

where TOFT isin microsteps (TOF in pulses of width CLCKWDT times 32 or
centidegrees times 32), YOT isthe normalized count and YE isthe esd for YOT. Normally
the decimal point isleft off the values and the format statement properly scales the values.
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A time map isincluded in thefile by starting with the following header:
(" TIME_MAP' , 31, A, F) MAPNO, NVALS, NREC, ' TI ME_MAP' , CLCKWDT

The fields are separated by spaces and TIME_MAP must be uppercase. MAPNO isthe
time map number. NVALS isthe number of dataitemsin the time map; there are three for
each point in the map. NREC is the number of records which is NVALS/10 rounded up.
CLCKWDT isin number of clock pulses per psec.

This header isfollowed by NREC records which contain the time map information.
(101 8) ((TMAP(J, 1),J=1, 3), | =1, MAXMAPU) , TMAX

where MAXMAPU isNVALS-1, TMAP isatriplet of time map valuesand TMAX isthe
maximum allowable TOF. The three time map values are starting channel number, TOF in
pulses of width CLCKWDT for the front of the channel and the channel width in pulses.
Each change in the channel width in the data set has a corresponding entry in the time map;
the entries are in ascending order of channel number. Currently there are 1024 entries
allowed for thetime map in GSAS.

These sets of header record plus data records may be repeated in any order until the entire
data set for the experiment isincluded in thefile. Thisfileis processed byHSTREAD for
POWPREF and READHST for EXPEDT; the data header records are interpreted by
EXTRBNK, the data records are read by GETRAWPT and the time map is read by
REDTMAP.

ATOMDATA.DAT - Atom Data File

The characteristic atomic information (scattering factors, absorption coefficients, etc.) are
stored on aformatted ISAM file. Each record is 80 characterslong and startswith a12
character key which is used by GSAS to fetch that record from the file. The information
on the record isread as a 66 character block by TY PINS and written unchanged on to the
'AFAC' recordsin the experiment file. Thefileisarranged so that all information for a
given element isin one place on four different kinds of records. A description of each kind
follows. There are severa records at the beginning of thefile listing the various references
used to accumul ate the data.

('zz aaaa "L, 9F7.0) (SCFC(1),1=1,9)
z = atonmic nunber, a = el enment synbol

This record holds x-ray scattering factor coefficients (g, bj and c) aslisted by Cromer &
Waber (1974), International Tablesfor X-ray Crystalography, Vol. 1V, p99-101. The
atomic number is an integer in the range 1-99; thisisthe samefor al records for agiven
element. The element symbol consists of the standard two letter chemical symbol (upper
case) and the valence as asign and anumerical value, e.g. 'TI+4', if necessary. Thereis
always one of these records for every element giving the neutral atom scattering factors;
some elements also have ionic scattering factors. The atomic scattering factor isthen
calculated by
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4
f=c+ aie'bignzelAZ

('zz aa_nnn ', F7.0, 4F6. 0) WI, BLEN, BI LEN, RNMUJ, RNMUX

The isotopic datafor 'aa_nnn' where 'aa’ is the chemical symbol (upper case) and 'nnn' is
theisotope. The data are isotopic weight, real and imaginary neutron scattering lengths,
and the wavelength dependent and wavelength independent neutron absorption cross
sections. If 'nnn’ is blank then the data are for the natural abundance element. Synthetic
elements do not have 'natural abundance' data. There may be several of these records for a
given element. The values are taken from Koster & Yelon, (1982), Neutron Diffraction
Newsletter.

('zz aa_Slz ',2F10.2, F5. 2,15) DRAD, ARAD, PRAD, COLOR

This record contains default atom size data for distance/angle calculations and for the
structure plotting programs.

('zz aa_XAB ', 1X, 5F6.0) (RXMJ 1), |=1,5)

The x-ray absorption cross sections for Cr, Fe, Cu, Mo and Ag Ka radiation, respectively.
These values are taken from Hubbell, McMaster, Del Grande & Mallett (1974),
International Tablesfor X-ray Crystallography, Vol. IV, pp 55-66.

('zz aa_XAN ', 1X, 10F6.0) (XFP(1), XFPP(1),1=1,5)

Thereal and imaginary parts (f' and f") of the anomalous dispersion for Cr, Fe, Cu, Mo
and Ag Ka radiation, respectively. These values are taken from Cromer & Ibers (1974),
International Tablesfor X-Ray Crystallography, Val. 1V, pp 149-150.

I nstrument Parameter File

The instrument parameter file is formatted the same way as the experiment file (see above)
with 80 or less character records and a 12 character key. Theinformation on thisfileisthe
characteristic datafor the instrument used to collect x-ray or neutron diffraction data. It
holds the geometric description of the instrument, characteristic intensity spectrum and
other specific data. The records are very similar to some of those in the experiment file;
only the keys are different. A few records are not used by GSAS programs but are needed
by local data preparation programs. Nonetheless, some of these records are ultimately
copied to the experiment file; thisisdone inHSTINS. What followsis a complete listing
of the recordsin an instrument parametersfile for a TOF powder diffractometer at
LANSCE with some from other types of instruments.

Theinitial set of records characterize the whole instrument and are not copied to the
experiment file.

("INS BANK ',15)NBANK

The number of counter banks on the instrument. Generally NBANK isone for CW
instruments; TOF instruments usually have more than one bank of detectors. It can also
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indicate the number of different configurations used for the instrument (i.e. different x-ray
tubes used on the diffractometer). Thisrecord isrequired by GSAS.

("INS FPATH1', F10. 0) FPATHL

The neutron flight path in meters from the source to the sample on a TOF diffractometer.
Not needed by GSAS.

("INS HTYPE ', 2X, Ad4) HTYPE

The histogram type for all data from this instrument; see the description of the' EXPR
HTYPCc' record in an experiment file for afull description of histogram types. For powder
data the last character of HTY PE must be 'R’; the other characters specify the kind of data.
Thisrecord isrequired by GSAS.

("INS MONIT ', 15, F10.0, | 5, F10. 0) MTUB1, MPATH1, MTUB2, MPATH2

The spectrum numbers and location of direct beam monitorsin meters as measured from
the source on a TOF diffractometer. Not needed by GSAS.

('INS NSPEC ', |5)NSPEC

The number of spectra collected by a LANSCE TOF diffractometer; equal to the number of
tubes plus the number of direct beam monitor detectors. Not needed by GSAS.

The next section of records contains specific information for abank of detectors. They are
repeated for each of the NBANK detectors on the instrument. Unless stated otherwise they
arerequired by GSAS.

("I'NS bb I CONS', 3F10. 0, 10X, F10.0,15, F10.0)
DI FC, DI FA, ZERO, POLA, | POLA, KRATI O
b = bank nunber

These are the diffractometer constants for one bank of detectors on a powder
diffractometer. In the case of a TOF diffractometer the constants relate d-spacing and TOF
in microseconds. For CW data the same record holds wavelength data, LAM1 and LAM2,
in place of DIFC and DIFA. The polarization fraction POLA, the polarization type |POLA,
and the Kq2/K 41 ratio KRATIO are absent for neutron data.

("INS bb I RAD ', 15)1RAD

If thisinstrument is an x-ray single crystal or powder diffractometer, thisrecord is required

and has an integer (1 to 5) indicating which characteritic radiation is used; Cr, Fe, Cu, Mo

or Ag Ka, respectively. If IRAD iszero then special anomalous and absorption coefficients
for each kind of atom will be required when this histogram is used.

(" I NS bbBNKPAR , 5F10. 0, 21 5) DI ST, TTHETA, TI LT, SEPN, HGHT, NTUBE, | TUBE

This record describes a TOF counter bank. This datais mostly used by the program
FSTBUSBIN to bin theindividual spectrafrom the3He tubesin abank into one spectrum.
It is not needed for CW instruments.
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(' INS bbBNKTCc' , 8F7.2) (DI FC(1), | =1, NTUBE)
c =1to 1+(NTUBE-1)/4

These are the individual DIFC values for each tube in abank of detectors; if present thisis
used by FSTBUSBI N in preference to the data on the previous record. They are not
needed for CW instruments and not needed by GSAS for any instruments.

The next series of records characterize the incident spectrum and areinitialy defined by the
program FITSPEC. At least thefirst two are required for both TOF and CW powder
instruments.

(' INS bbl HEAD , 2X, A66) | HEAD
A title taken from the incident spectrum raw datafile. 1t can contain "dummy" information.
("INS bbl ITYP ,15,2F10.4,110) 1 TYP, TM N, TMAX, CHKSUM

The type of incident intensity function, the minimum TOF in msec (or 29 in deg), the
maximum TOF (or 20) over which the function can be applied and a checksum on the
incident spectrum. The latter is used to check if thisincident data has been applied to
another histogram. For data sets for which there is no fitted incident spectrum, set ITYP to
0, choose appropriate values for TMIN, TMAX and pick arandom integer for CHKSUM.

(" I'NS bbl COFFc' , 4E15. 6) (VINC(1),1=1, 12)
c=1to 3

Coefficients for the incident intensity function. For TOF they are expressed in terms of
TOF in milliseconds. These records not needed if ITYPisO.

(" I'NS bbl ECOFc' , 4E15. 6) (SINC(1),1=1, 12)
c=1to 3

The esd's for each of the coefficients. These records not needed if ITYPisO.

(" I'NS bbl ECORc' , 10F6. 3) (PINC(1),1=1, 78)
c=1to 8

The elements of the correlation matrix in upper triangular form for the incident intensity
coefficients. These with the esd's are used to calculate the esd in the calculated incident
intensity at each point in the profile. These records not needed if ITYPisO.

(" I'NS bbPRCFn ', 215, F10. 5) PTYP, NCOF, CTOF
n = 1, NTYP

(" I'NS bbPRCFNnc' , 4E15. 6) (COF(1), I =1, NCOF)
c =1to 1+(NCOF-1)/4

These records give the NTY P sets of available profile functions and their default
coefficients for data from this bank of detectors. Thefirst record contains the powder
profile type , number of coefficients and a cutoff factor. The second and subsequent record
(c=1,...) contain the coefficients with four per record. The first set defines the default
profile function type for thisinstrument, i.e. PTYP for the first set does not haveto be 1.
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