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Abstract

We have developed software to accelerate the analysis of the diffuse scattering data and to recover the short-range-order (SRO) and
other parameters. The software is applied to data collected from a CuspAus, single crystal.
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1. Introduction

The local atomic structure of short-range-ordered binary
metallic alloys can be described—to a first approxima-
tion—by chemical pair correlations that are expressed in
terms of Warren—Cowley short-range-order (SRO) para-
meters and by atomic displacements due to thermal motion
(thermal diffuse scattering or TDS) and due to chemically
specific static displacements (first order size effect). X-ray
diffuse scattering from single crystals is particularly
sensitive to these structural correlations, and synchrotron
radiation can be tuned to emphasize particular components
of the diffuse scattering [1]. Formally, the scattering from a
short-range-ordered binary alloy can be approximated by a
total scattering, I, which includes Bragg scattering from
the long-range average lattice, Ig,nq, SRO scattering, Isro,
which is sensitive to the difference between the atomic
scattering of factors of the component atoms and on their
pair correlations, a static displacement component that is
sensitive to differences in the inter-atomic spacing between
like and unlike neighbor pairs, I;sp, and a term that
includes second and higher order displacements that
includes TDS, I .

It = Irunp + Isro + 1isp + 12 (1.1)

*Corresponding author.

E-mail address: puzyrevys@ornl.gov (Y.S. Puzyrev).

0168-9002/$ - see front matter Published by Elsevier B.V.
doi:10.1016/j.nima.2007.08.139

Isro _
N - CA(1 - CA)U(A _f‘B|2 Z Ollmn€ 2M i

Imn
x cos[n(hl + hom + hzn)] (1.2)
IlSD (Ci + CACB“lmn)Re(fA(fA _fB)*)é;;m'i_
Imn (CZB + CACB(xlmn)Re(fB(fA _fB)*)é;?nn
R =
x sin(k - R ) (1.3)

Here we expand the SRO diffuse scattering component
to explicitly illustrate the sensitivity to atomic scattering
actor difference fa—fp, to the Warren Cowley SRO
parameters, o,,,, to the Debye Waller Factor 2M and to
crystalline symmetry. Recovery of correlations from
measured diffuse scattering intensities involves several
computationally intensive steps. Here we have designed
an efficient program to automate these steps so that diffuse
scattering data can be analyzed as is taken. This will allow
for much more efficient use of precious synchrotron beam
time.

The first step is the data conversion to electronic units
(EU). This is an involved procedure that requires a number
of steps that can be done effectively on the computer. For
example, data must be analyzed for harmonic contamina-
tion, for oxide scattering, for inelastic scattering, and
other contributions that will distort the overall diffuse
scattering pattern. The data must then be put on an
absolute scale using one of several possible calibration
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methods. Another challenging task is the removal of the
TDS that obscures the peaks due to the SRO and static
atomic displacements. Using the software that incorporates
all the steps in one easy-to-use interface it is possible to
finish the data analysis during the measurement. This
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Fig. 1. Diffuse scattering factor difference U"Cu—jAu\z as a function of
X-ray energy.
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would reveal the erroneous data and allow for much
cleaner data set.

2. Experimental setup

Our prototype measurement was performed at the
beamline 33ID-E of the Advanced Photon Source,
APS, Argonne National Laboratory. The data was col-
lected on an 8-circle Newport kappa diffractometer with
an energy analyzer crystal. We tuned the X-ray energy
close to the absorption edges of Cu (8.969keV) and
of Au (11.912keV) for the two data sets collected. As
shown in Eq. (1.2), the intensity of the SRO peaks in
CuspAus, alloy is maximized at the Cu absorption edge
(Fig. 1). Near the Au absorption edge the SRO intensity is
significantly reduced, but there is still a sizable SRO
contribution; no Null Laue condition exists for this alloy.
The size of the beam is chosen to be 0.4 x 0.4 mm?. The
detector resolution allows the separation of the resonant
Raman peak and elastic scattering signal. The energy
calibration was made by referencing the measured inten-
sities to intensities from a calibrated Ni powder sample.
Data was taken at 3030 point is reciprocal space allowed by
the instrument geometry.
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Fig. 2. Elements of the analysis represented in DSAS. The top left and bottom right corners illustrate the scattering factor calculation with EXAFS
correction. The bottom left corner and the center show data converted to electron units. The top right corner has the general description of experimental

data.
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Table 1
SROP parameters obtained in least square fit for single crystal CuspAusg
alloy

Shell # h k ) SROP Error
1 0 0 0 0.9912521 0.0010061
2 0.5 0.5 0 —0.1145941 0.0007412
3 1 0 0 0.3097479 0.0007633
4 1 0.5 0.5 —0.0545537 0.0006291
5 1 1 0 0.1765002 0.0006363
6 1.5 0.5 0 —0.0444811 0.0005598
7 1 1 1 0.1298311 0.0005989
8 1.5 1 0.5 —0.0281216 0.0004763
9 0 0 0.102447 0.0005797
10 1.5 1.5 0 —0.0184013 0.0004815
11 0.5 0.5 —0.0321748 0.000452
12 2 1 0 0.0740462 0.0004312
13 1.5 1.5 1 —0.0177314 0.0003948
14 2 1 1 0.0605895 0.0003849
15 2.5 0.5 0 —0.0120909 0.0003599
16 2 1.5 0.5 —0.0218582 0.0003333
17 2.5 1 0.5 —0.0097839 0.0002934
18 2 2 0 0.0420272 0.0003673
19 2 1.5 1.5 —0.01473 0.0002934
20 2.5 1.5 0 —0.0058057 0.0002965

3. Data analysis

The computationally expensive calculation, such as
multidimensional fitting procedure is realized in C or
C++ routines. These routines are encapsulated into java
interface using the method described in Ref. [2]. For the
plotting interface we used JFreeChart [3] which provides
great flexibility for graphical data representation and

ready-to-publish plots. The Java Virtual Machine (JVM)
can be implemented on Linux, as in Fig. 2, Windows, and
MAC OS. The data analysis performed using this program
is shown in Fig. 2. The analysis consists of four major
steps: data collection, conversion of the data to EUs, and
fitting to a set of parameters. After the data is loaded and
converted to EUs we recovered the local order parameters
using least square fit procedure. The parameters are
chemical order SRO «,,,, and atomic displacements dy,,,,,
Eq. (1.3). The experimental diffuse scattering intensity data
is fitted to produce these parameters, as shown in Table 1.

4. Conclusion

The diffuse scattering analysis software helped to recover
the SRO parameters of Cu50Au50 alloy from more than
3000 reciprocal space points. The fit produces reliable SRO
parameters, however the displacement are poorly fitted.
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