data analysis

Determining crystalline atomic positions RUNFIT and MKFIT are written in Perl and have currently been

: T tested on unix/linux platforms. They are a new part of the UWX-
using XAFS’ a new addition to the UWXAFS AFS analysis package(Steet al, 1995) and can be obtained by

analysis package sending e-mail to stern@u.washignton.edu.
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XAFS and x-ray diffraction (XRD) are complementary structure de- +
termination techniques. The combination of XAFS and XRD can executes feff
be used to determine the complete crystal structure when diffrac-
tion can not be refined. This is often the case at high pressures or feffxxxx.dat
high temperatures where there is limited access to the samples and \
energy dispersive x-ray diffraction is used. A new method to de- executes mkfit
termine the atomic positions within the unit cell using EXAFS data feffit.i np
with the program&UNFIT andMKFIT is described. These programs i
systematically produce and test models for the XAFS data that are .
consistent with the diffraction results. The programs were written executes feffit
to solve the structure of two intermediate high pressure phases of feffit.log
AgCl, and are distributed with a working example. +
Keywords: crystal structure ; atomic positions ; high ; ;
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1. Introduction Figure 1

XAFS and x-ray diffraction (XRD) are complementary x-ray tech- sc_hematic of t.h(RUNFIT processRUNFIT automates the process of cre-
niques. Diffraction patterns give the average long-range symme"’—‘t'ng and testing XAFS models.

tries of the crystal structure. This includes the space group and the

unit cell dimensions. Often at high pressures or extreme tempera-

tures diffraction has been used to determine the space group of the

crystal structure and the unit cell dimensions but there is insuffi-

cient data to determine the atomic positions within the unit cell.

This is because the extreme conditions limit the access to the say- o UNEIT

ples and energy dispersive x-ray diffraction is used, losing peak in-
tensity information due to the variation of the source intensity with
wavelength. XAFS probes the radial distribution of atoms abouf?
the absorbing atom in a crystal structure, which is determined b
the space group and unit cell dimensions as well as the positio . o . . )
of the atoms within the unit cell. Therefore the combination ofcrements the atomic positions inaoms.inp  file, executes

XAFS and XRD can determine the complete crystal structure. AFEFF(Z?\Ib'nSKﬁet ?I"Iligz)é maléeti ‘Efzt"tnp . f'flfh exec%tes
new method to determine the atomic positions within the unit ceIIFEFF'T( ewvilleetal, ) and then determines if the goodness-

using EXAFS data, with the progran@NFIT and MKFIT, is de- of-fit values are physically reasonable using user defined criteria.

scribed. These programs systematically produce and test modelrsso .the fit.i.s saved and the process starts over until all pqssiblg
for the XAFS data that are consistent with the diffraction results.atomIC positions have been sampled. For each set of atomic posi-

The programs were written to solve the structure of two intermedi:[IonS a small summary is written to a log file.
ate high pressure phases of AgCl(Kedlyal., to be published), and RUNFIT has several parameters that can be specified in the
are distributed with a working example of the second high pressuréitialization, runfit.inp , file. A template runfit.inp

phase (HPPII) of AQCIRUNFIT automates the process of creat- can be generated bRUNFIT. Some of the options include:
ing and testing different models for the structure to find atomic(1) Cut off values for the R-factor and reduced-chi-squared
positions that result in XAFS spectra that are consistent with thealue(Newville, 1994; Steret al, 1995) that determine whether
XAFS and XRD datarUNFIT usesMKFIT which generates the ex- the fit is good, and (2) the incremental step size for the atomic
pressions for the radial distance between the absorbing atom anpisitions as well as their ranges. A more complete list of options
the neighboring atoms in terms of the unit cell parameters and this given in theRUNFIT documentation.

atomic positions for the atoms within the unit cell.

UNFIT automates the process of creating and testing XAFS mod-
Is. To do this it executes several other UWXAFS programs. A
chematic of th&®UNFIT process is shown in Fig. RUNFIT in-
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Figure 2 Figure 3

The magnitude|X(R)|, and real part, Rg(R), of the Fourier transform The magnitude|x(R)|, and real part, Rg(R), of the Fourier transform
of the x(Kk) - k of a possible model run0002 and AgCI data for HPPII.of the x (k) - k of a possible model, run0004, and AgCI data for HPPIL.
Table 1 lists the Fourier transform parameters. Table 1 lists the Fourier transform parameters.

3. MKFIT

One major component GciUNFIT is the automatic generation of
the feffit.inp file which contains the expressions for all path
lengths included in the fit in terms of the unit cell dimensions andRUNFIT comes with a working example of a high pressure phase
the atomic positions. This process is handled by a separate programh AgCl.(Kelly et al, to be published) The&kunFIT documen-
MKFIT which is used byRUNFIT. By separating the increment of tation details the initialization steps. Once thanfit.inp

the atomic positions and creation of tiefit.inp file, MKFIT file has been set umuNFIT will try 10 different atomic posi-

can be used independently. There are many situations were the utitns and write a small note about each imuafit.log file.

cell dimensions and/or the atomic positions need to be slightly perAll the fits that met the goodness-of-fit criteria are saved in the
turbed, for example at high pressures or high temperatures. In thiub-directory calledaves . The feffit.log files in this di-
situationMKFIT will write the expressions for all the path lengths rectory shows thateFFIT found two minimum,run0002.log

given a partially completedeffit.inp or you can initialize andrun0004.log . Fig. 2 and Fig. 3 illustrates the data and
MKFIT using amkfit.inp file. Some of the options faRUNFIT model for both of these minimum. Table 1 lists the Fourier
are: (1) Guess or set values for energy shiftsyalues and unit transform parameters and the degrees-of-freedom in the fit. Ta-
cell dimensions and (2) user defined expressions to determine olde 2 lists the goodness-of-fit values and the atomic positions
atomic position in terms of another as required by the space groufor both of these models. The goodness-of-fit values are calcu-
For example if two atoms within the unit cell are related accordinglated by FEFFIT and their definitions can be found in tFeFFIT

to (u,v,w) and (u+0.5,v+0.5,w+0.5) then this information needs todocumentation(Newvilleet al., 1995). Briefly, the values fox?

be included so that only u,v, and w are determined in the fit. Alscare often as large as several hundred because of the neglect of
the paths to include in the fit may be specified using the maximunsystematic errors. The final uncertainties of the fit parameters are
number of legs, the minimum amplitude ratio, and the maximumincreased to correct for the contribution of systematic errors by
distance for the fit. multiplying the initial error byy?.(Sternet al., 1995)

4. Example:High Pressure Phase of AgCl
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list the Fourier transform parameters and the degrees-of-freedom
T T T T - I T in the fit. As shown in this table we needed to increase the number

0.25— — Data I of variables from 7 used in the models kaxFIT to 13 in our final
B -- Model model. This is becauseuUNFIT works best with as few parameters
0.2 — as possible in the initial search for atomic positions. Table 2 list the
L _ goodness-of-fit values and the atomic positions for the final model.
For this part of the analysis it was useful to use ankFIT by its
0.15- self to generate thieffit.inp file as described above.
= 0.1— — Table 2
= L i The best-fit values for the atomic positions, Agit and Cl22y, and
- y the goodness-of-fit parameters for the two minimum foun&byFiT,
0.05— /7 ~ ] run0002 and run0004, and the final model.
- ) A . Model Aglly Cl22y R X2
Ne=== 1 1 1 LM N
run002  0.4002:0.0008 0.137#0.0013 0.015 821
run004  0.39540.0011 0.15730.0020 0.030 1008
final 0.39940.0013 0.13460.0030 0.003 171
0.1
5. Is RUNFIT the right tool?
The use oRUNFITwiIll not result in a perfectly refined fit, see Fig 2
0 and Fig. 3RUNFIT uses crude? values as determined by the Cor-
related Debye function with a single Debye temperature for each
@ atom type RUNFIT also uses crude energy shifts, one for each atom
’gj_o 1 type independent of the distance from the core atom. These approx-
04 imations mean thakuNFIT will only be able to find approximate
solutions.
RUNFIT is ideal if the space group and unit cell dimensions are
-0.2 known from previous diffraction data, but there are a few atomic

position variables that have yet to be determined. This is often the
case at high pressures and high temperatures where there is lim-
ited access to the samples and energy dispersive diffraction is used
loosing the peak intensity information because of the variation of
Figure 4 the source intensity with wavelength. Most of the atomic position
The magnitudelx(R)|, and real part, Rg(R), of the Fourier transform /ariaples will be related to each other as determined by the space
of thex (k) - k of the final model and AgCl data for HPPII. Table 1 lists 5.5 50 that even if there are many atoms in the unit cell there are
the Fourier transform parameters. only a few unknown parameters. In this situatoNFIT will sys-

tematically explore the parameter space for these atomic positions
Table 1 and save only a few possibilities.

The data range\k, the fit rangedr, the degrees of freedom in the fit, :
the number of variables determined in the fitaNand the number of This work was supported by the US Department of Energy Grant

independent points in the fit,id\,. Both data sets were processed withNOS. DE-FG03-87ERA45622 and DE-FG03-98ER45681. SSRL is

k-weight = 1 in the Fourier Transform of the data and with the full widthsupported by the US Department of Energy and the National Insti-
of the Hanning window sill, dk=24—1). tutes of Health.
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