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We show that extended x-ray-absorption fine-structure studies can estimate the degree of short-
range order both above and below the transformation temperature of alloys displaying superlattices
at low temperature. A substantial degree of short-range order was measured above the ordering
temperature of 390°C for AuCus. The local Au-Cu pair separation and its fluctuation show discon-
tinuities at the ordering temperature. Shifts in the absorption edge were also observed at the

transformation.

INTRODUCTION

Several alloy systems display a structural order-disorder
transformation.! Well above the ordering temperature T,
the constituent 4 and B atoms randomly occupy the lat-
tice sites, while below T a superlattice is formed at
stoichiometric compositions with 4 and B on inter-
penetrating lattice positions. The Au-Cu system is a clas-
sical example of alloys with superlattice formation.
Au;Cu orders? at Ty =200°C, AuCu at 408 °C, and AuCu;
at 390°C. The cubic lattice is retained in the ordered
Au;Cu and AuCu; alloys but is slightly distorted tetrago-
nally in AuCu.

Although the transformation at T, is distinct with
discontinuities in many physical parameters, the order
(disorder) below (above) T, is not complete even at the
stoichiometric alloy composition. Below T, the long-
range-order parameter .S approaches 1 at 7 =0; it becomes
somewhat less than 1 at T—T,. Above T the long-range
order is zero. However, there exists a temperature-
dependent short-range order, a preference of 4 atoms to be
surrounded by B atoms, and a preference of B atoms to be
surrounded by 4 atoms. X-ray techniques have been em-
ployed to study the degree of order: The intensities of the
superlattice diffraction lines give the long-range-order pa-
rameter, S, while diffuse x-ray scattering, with maximum
intensities at the former superlattice reflections, gives
short-range-order coefficients related to the short-range-
order parameter ogro. These measurements of the short-
range order are tedious and several corrections have to be
made in the extraction procedure.

Extended x-ray-absorption fine structure (EXAFS) is a
method well suited for the determination of the local or-
der around absorbing atoms. The absorption of x-ray
photons results in the emission of electrons from inner
shells. These electrons may be scattered by neighbor
atoms before being recaptured. The interference between
the outgoing and backscattered electron waves results in
fine structure at photon energies just above the absorption
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threshold. An analysis of the EXAFS can give the num-
bers of the different neighbors around the absorbers, their
separations, and the spreads in the neighbor distances.

In this work, we use EXAFS to determine the probabili-
ties of finding 4 and B neighbors to an atom A4, as well as
the corresponding separations at temperatures around the
ordering temperature of the 4-B alloys. Our analysis ef-
fort was concentrated on the AuCuj alloy, which is well
suited for this type of study.

EXPERIMENTS

Au (Johnson, Matthey, and Company, Ltd., 99.99%
purity) and Cu (Johnson, Matthey, and Company, Ltd.,
99.999% purity), in proportions to give alloys of composi-
tions 24.9, 49.9, and 75.0 at. % Cu, were encapsulated in
quartz tubes under helium atmospheres and melted for 15
min in an rf furnace (1100°C). Pieces of the slowly cooled
ingots were heat-treated at 700°C for 2 h and slowly
cooled to about 350°C, where they were kept for a day.
The sheets were later rerolled to a thickness of about 10
pm giving an x-ray transmission of about 8% at the Au
and Cu absorption edges. That rerolling was followed by
anneals at 800°C for 80 min, 550°C for 100 min, 359°C
for 46 h, 163°C for 10 h (Au;Cu, 21 h), and room tem-
perature for 90 h.

Incident- and transmitted-radiation intensities were reg-
istered by ionization (N,-gas) counters at energies around
the Cu K (8.98 keV) and Au Ly (11.92 keV) absorption
edges. The experiments were performed at one of the
wiggler lines (VII-2) of the Stanford Synchrotron Radia-
tion Laboratory under dedicated operating conditions at 3
GeV. A computer-controlled, stepped Si(220) crystal
monochromator selected the radiation wavelengths. It
was detuned to half maximum intensity in the rocking
curve in order to suppress the harmonic content of the in-
cident radiation. The energy resolution was approximate-
ly 1eV.

Two sample mountings were utilized. In both, the sam-
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ples were surrounded by an exchange gas of helium, either
in a cryostat for measurements between room and liquid-
nitrogen temperature, or, between boron nitride clamping
plates, in a furnace for elevated temperatures. The tem-
perature was measured with a thermocouple and con-
trolled within a couple of degrees of the desired tempera-
ture. It is important to ascertain whether the samples
were in thermodynamic equilibrium or not during the
measurements. The ordering is a sluggish process with
times to reach equilibrium increasing exponentially with
inverse temperature.! The time available in a
synchrotron-radiation experiment is by necessity limited
and the anneal times must be short if we want to use the
same sample at different temperatures. Preferably, we
should have monitored the degree of order by measuring
the resistance of the foil or the diffuse x-ray scattering
during the experiment, but this was not done. However,
the degree of order that is measured by different methods
depends upon the type of experiment. For example, the
resistance caused by small antiphase domains may mask
the development of order. In our case we measure short-
range-order properties, and the times needed to reach a
sufficiently transformed state may be considerably shorter
than in a resistance experiment.

We encounter at least three relaxation times® in reach-
ing an equilibrium order in our experiment: 74, is a
measure of the exponential relaxation time to develop a
long-range-ordered state from the disordered state in a
sample cooled below T; 7_,o is a measure of the relaxa-
tion time for changes in the already ordered state, either
increasing the order further by cooling a previously an-
nealed and ordered sample or decreasing the order by
heating; 7,_,4, finally, determines the transformation of
an ordered state to a disordered one when the anneal tem-
perature is raised above T,. All these characteristic times
increase exponentially with inverse temperature. 74_,,
further displays a pronounced slowdown in the vicinity of
Ty. 7To9_0 is considerably shorter than 7;_,, at a given
temperature.’

In our experiment, an ordered state should have been
fully developed in AuCu; (and AuCu) since the anneal
time at about 350°C was much longer than the 74_,¢
which is of the order of a couple of hundred minutes as
estimated from resistance changes.’ The samples were
then slowly cooled to room temperature (with an arrest
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FIG. 1. X-ray absorption in the vicinity of the Au Ly edge
of a 10-um-thick AuCu; foil at 77 K.
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midway) where they were kept several days. Although a
fully developed long-range-ordered state might not have
been obtained, the local, short-range order should be suffi-
ciently developed. Hence, we think the measurements at
room temperature are representative of the ordered phase
at that temperature. In the measurements at 77 K, how-
ever, the cool down from room temperature was rapid, of
the order of a few minutes. Thus the long-range order of
the sample probably did not increase substantially at 77 K
compared to that at room temperature—only the thermal
disorder decreased.

Going to temperatures above room temperature, it took
about 15 min to reach thermal equilibrium in the oven
after which the data collection started within a few
minutes. EXAFS data above the Cu K edge were register-
ed after about 5 min. (At 500°C, the sample got an extra
hour of annealing due to a reinjection of the beam.) Al-
though 74_,¢ is much shorter than the commonly quoted
T4_0, it 18 questionable whether equilibrium order was at-
tained at 200 and 250°C. The corresponding values of
T4_0 from resistance measurements, were considerably
longer than our anneal times. Going to a disordered state
above Ty, the relaxation time becomes less than 10 min
for a temperature larger than 700 K. Thus our high-
temperature points should be representative of the equili-
brium state.

RESULTS AND ANALYSIS

An example of the x-ray absorption around the Ly
edge for Au in the AuCu; sample is given in Fig. 1. The
energy E was scanned from about 1000 eV below to 1600
eV above the edge. A sharp rise in the absorption at the
edge is followed by smaller oscillations as the photon ener-
gy is increased. Let us first comment on the edge position
before presenting the EXAFS results.

By comparing the absorption curves taken at several
temperatures (see Fig. 2) on the same sample, we can ob-
tain a picture of the change in the electronic structure
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FIG. 2. Absorption at the Au Ly; edge in AuCu; at several
temperatures: a, 77 K and b, 623 K, both well below T,~660
K; ¢, 681 K in the vicinity of Ty; d, 774 K and e, 1198 K, both
well above T.
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caused by the order-disorder transformation. For AuCu,,
a change of about 0.5 eV in the absorption edge E, upon
going from the low-temperature ordered phase to the
high-temperature disordered phase was determined. E,
was defined as the energy at one-half of the absorption
rise at the edge. The locations of the first maxima and
minima in the absorption above the edge are also shown in
Fig. 3. As in E,, they exhibit changes around the order-
ing temperature as shown for both the Au Ly and Cu K
edges. Similar changes at the ordering temperature were
noted for the AuCu sample but not for Au;Cu.

A quantitative comparison between the absorption
edges of the different samples is less accurate than the one
of the same sample at several temperatures. The shape of
the edge structures changes from alloy to alloy. In AuCu;
and AuCu at 77 K, where the Au atoms have only Cu
near neighbors, the difference between the Au Ly edges is
small. The energies of the AuCu peaks are slightly small-
er than those of AuCus, in accordance with Ref. 4, but the
dissimilarities may well fall within the experimental un-
certainty.

The analysis of the EXAFS above the absorption edges
followed a standard procedure as outlined in Ref. 5. A
slowly varying absorption background was subtracted, and
the absorption cross section of the Au and Cu atoms
above the edge (disregarding the fine structure) was ap-
proximated as a six-order polynomial in (E —E;)!/%. The
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FIG. 3. Temperature dependence of absorption-edge features
of AuCu;. The circles denote the energies at the half value of
the absorption rise at the Au Ly edge, and the squares denote
the locations of the first maximum above the Au Ly edge for
AuCus, which orders at about 660 K. The error bars for these
points are approximately £0.5 eV.
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data are then converted to k space (#k?/2m=E —E,)
where the EXAFS for a polycrystalline sample is given by

N,F; (k)
X(ky=13 2 ik, +8,(0)]
k j rj

—2r. —20%k2
2rj/Lee 201k

Xe , (1)

where the sum is taken over shells with N; atoms at dis-
tance r; from the absorber. a]2~ is the temperature-
dependent mean-square fluctuation in 7;, 1/A, is a decay
constant, i.e., the inverse mean free path for scattered elec-
trons, and F;(k) and 8;(k) are the backscattering ampli-
tude and total phase shift which both depend upon the
type of atom in shell j. The expression assumes that the
pair correlation functions are Gaussians and does not ac-
count for any possible asymmetry in the peak shape. This
is a good approximation at low temperatures but may not
be appropriate at the highest temperatures. We assume,
however, that any change in the peak shape from sym-
metric to antisymmetric is small compared with the
changes due to an increase in 0; and due to the disorder of
the near-neighbor environment as the temperature is in-
creased. Representative spectra in K space are shown in
Fig. 4 for the EXAFS on the Au Ly edge at 77 K for
Au, AuCus, AuCu, and Au;Cu.

A comparison among different EXAFS data sets can be
made in kK space. However, the extraction of structural
information is often facilitated in T space following a
Fourier transform. In T space the peaks corresponding to
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FIG. 4. EXAFS, kX(k) vs k, on the Au Ly edge is 77 K for

(a) Au, (b) AuCus, () AuCu, and (d) Au;Cu. The vertical scale
in each case is the same, varying from —0.55 to 0.55 A~1.
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the various neighbors are often resolved from one another.
This is shown in Fig. 5 for the Fourier transforms of the
EXAFS on the Au Ly edge of the four spectra in Fig. 4.
In each case the peaks between 2 and 3 A represent
the near-neighbor environment and are well resolved from
the further-neighbor peaks. In the case of Au [Fig. 5(a)]
this first peak corresponds to 12 Au atoms 2.88 A and the
double-peaked shape is due to structure in the backscatter-
ing amplitude F(k) for the heavy Au backscatters. Con-
trast this with the AuCu; case [Fig. 5(b)] where the first-
neighbor peak also corresponds to 12 near neighbors at a
single distance but where the neighbors are Cu rather than
Au. The differences are predominantly due to the differ-
ences in F (k) for Au and Cu. The corresponding Cu-edge
spectra at 77 K are shown in Fig. 6 for Cu metal and the
three Au-Cu compounds.

Values of N; j» 7j, and o; can be obtained from the
EXAFS data if the scattering amplitudes and phase shifts
[cf. Eq. (1)] for the different backscatters are known.
Theoretical values do exist, but a more convenient and
accurate method is to use separate standards for the Au-
Au, Au-Cu, Cu-Au, and Cu-Cu neighbors (where the first
element denotes the absorber and the second one the back-
scatterer). The foils of Au, AuCu;, Au;Cu, and Cu were
used to give 77-K standard signatures and their spectra
are shown in Figs. 4—6. At low temperature, the two al-
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FIG. 5. Real part and magnitude (envelope) of the EXAFS in
T space on the Au Ly edge at 77 K for (a) Au, (b) AuCus, ()
AuCu, and (d) AuzCu. These spectra are the Fourier transforms
of the data in Fig. 4 using a square window from k =3.8 to 18.9
A~! broadened by a Gaussian of width 0.7 A~ In each case
the vertical scale is the same, varying from —1.2 to 1.2 A2,
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loys should be sufficiently well ordered, giving well-
defined first neighbors to Au [i.e., Au-Cu pairs only; Fig.
5(b)] and to Cu [Cu-Au; Fig. 6(d)], respectively.

Our analysis concentrated on the AuCu; alloy, in
which, for the ordered state, Au is surrounded by a first-
neighbor Cu shell of 12 atoms at a single distance and the
Cu has eight Cu neighbors and four Au neighbors at a sin-
gle distance. The region around the first-neighbor peak in
the Fourier transform of the Au Ly; EXAFS at 77 K of
that sample was used as a signature of the Au-Cu scatter-
ing [Fig. 5(b)]; the signature of pure Au at 77 K was used
as the Au-Au signature [Fig. 5(a)]. The ordering tempera-
ture of AuCuj is relatively high, enabling disorder to
develop during the short anneal time available in the ex-
periment. In the Au;Cu alloy, Cu has a well-defined Au
first-neighbor environment in the ordered state. However,
the transformation temperature is low and it is difficult to
reach a state in reasonable equilibrium in that temperature
range during a short time (~ 15 min). AuCu has an or-
dering temperature above that of Au;Cu, but it deforms
tetragonally, giving a spread of nearest-neighbor distances
[see Figs. 5(c) and 6(c)]. As a result, these latter two al-
loys were not analyzed in much detail, and we concentrat-
ed on AuCu; instead.

The spectra for AuCu; at elevated temperatures are
shown in Figs. 7—9. The temperatures chosen are (a)
208°C well below T7,~390°C, (b) 408°C in the vicinity of
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FIG. 6. Real part and magnitude (envelope) of the EXAFS in
real space on the Cu K edge at 77 K for (a) Cu, (b) AuCus, (c)
AuCu, and (d) Au;Cu. The Fourier transforms were performed
using a square window from k =3.6 to 17.9 A-!broadened by a
Gaussian of width 0.7 A-!. The vertical scales are the same,
from —1.45 to 1.45 A2,



29 ORDER-DISORDER TRANSFORMATION IN Au-Cu ALLOYS STUDIED BY EXAFS

NIRM/VWMi

(b)

fo |
= AN A
EERIVAVAY .
(c)
[
L ,‘;v\\‘\\ / \ \J/A\\\//\ N e mrempinroesmn|
y
e

Kk (A™T)

FIG. 7. EXAFS on the Cu K edge for AuCu; at three in-
creasing temperatures: (a) 208°C, well below T,~390°C; (b)
408°C, in the vicinity of To; and (c) 650°C, well above To. The
vertical scales are the same, from —0.28 to 0.28 A‘

Ty, and (c) 650°C well above T,. Figure 7 shows the
EXAFS on the Cu K edge in K space at these tempera-
tures. The increase in thermal damping is evident, yet an
adequate signal-to-noise ratio is obtained at the highest
temperature. The corresponding Fourier transforms of
this Cu EXAFS are shown in Fig. 8, where it is seen that
in addition to the broadening in the first-neighbor peak,
the further-neighbor information decreases more rapidly
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FIG. 8. Real part and magnitude (envelope) of the EXAFS
on the Cu K edge of AuCu; transformed to real space at (a)
208°C, (b) 408°C, and (c) 650°C. These are the Fourier
transforms of the data of Fig. 7 using a square window from
k =2.2 to 12.3 A~! broadened by a Gaussian of w1dth 0.7 AL
The vertical scales are the same, from —0.36 to 0.36 A2
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FIG. 9. Real part and the magnitude (envelope) of the
EXAFS on the Au Lyj; edge of AuCu; in real space at (a) 208 °C,
(b) 408°C, and (c) 650°C. The transform range is from k =3.9
to 129 A~! broadened by a Gaussian of width 0.7 A~ The
vertical scales are the same, from —0.4 to 0.4 A2

with increasing temperature. As a result, we only
analyzed the data on the first-neighbor peak, where signi-
ficant information still remains at high temperatures. The
corresponding EXAFS spectra on the Au Ly edge are
shown in Fig. 9, where the same general trends are ob-
served. Our analysis concentrated on this Au Ly —edge
data to the simpler near-neighbor environment to the Au,
i.e., only Cu near neighbors in the ordered state and nine
Cu plus three Au neighbors in the totally disordered state.

Restraints have to be introduced in the computer fits.
Without such restraints, a six-parameter fit can easily find
a false local minimum in the least-squares difference be-
tween the model and the measured complex Fourier
transform ®(r). The fit parameters used are Ny au
A7 pu.Awsy A0AuAw Navco A7aucus and Aoy gy, Where A
denotes the difference between the sample and the 77-K
standard. Well-behaved values were always obtained for
the additional Debye-Waller—type broadenings of the pair
radial distribution functions, so no restrictions had to be
employed for the Ao;’s. Restraints on the distances to
and the probabilities of finding Au or Cu neighbors had to
be used. One obvious constraint is that the sum of the
probabilities that a given neighbor to an Au atom in
AuCu; is Au or Cu has to equal 1, ie., Npuau
+Nau.co=12. An initial value of the neighbor separation
was approximated using reported values of the lattice con-
stant and its thermal expansion. Keeping this value fixed,
the probabilities of Au and Cu first neighbors to an Au
atom were obtained by optimizing the fit. These probabil-
ities were then kept constant to give optimum values of
the separation in a second set of fits. Finally, a number of
fits with different fixed separation values (falling in a
range around the previous optimum values) was made to
obtain a best set of parameter values.
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The temperature variations of the best set of values of
7 aucus (A0Aucy)? and Ay ay, the probability of a first
Au neighbor to an Au absorbing atom in AuCus, are given
in Fig. 10. (This information was extracted from the Au
Ly EXAFS.) Discontinuities at the ordering temperature
are evident in the neighbor distances and in the widths of
the near-neighbor distributions.

The probability of finding an Au-Au pair changes
gradually from O to 0.25 as the transformation region is
traversed. Similar tendencies as those in Fig. 10 were also
noted for the other alloys, but due to the difficulties men-
tioned above, the uncertainties were much larger. The
temperature variation of o always showed a small discon-
tinuity at the transformation temperature (although less
pronounced in the Au;Cu alloy). The number of Cu-Cu
nearest neighbors in Au;Cu increased gradually above the
ordering temperature, but the reliability of these results is
questionable due to uncertainties as to whether equilibri-
um had been reached. For the Cu EXAFS of the AuCu;
sample, we could apply the probabilities of Cu-Au and
Cu-Cu pairs obtained from the Au Ly; EXAFS in the
fits. This gave a similar o¢,.a, behavior as in Fig. 10.
However, the results using the Cu K —edge data are less
reliable due to the more complex near-neighbor environ-
ment, i.e., both Cu and Au near neighbors.
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FIG. 10 Results for AuCu;: The temperature dependence of
A pu.au, the probability of finding an Au first neighbor to an Au
absorber (triangles), of rau.cu, the Au-Cu pair separation
(squares), and of Ac,.cs, the mean-square fluctuation of that
distance as compared to the 77-K value (circles). The parame-
ters were obtained using Au Ly EXAFS of an AuCu; foil. The
ordering temperature of the alloy is about 660 K.
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DISCUSSION

From Fig. 10 we note that the probability of finding an
Au atom in the first-neighbor shell of an Au absorber in
AuCu; does not jump from O to the disordered value of
x A, =0.25 as the temperature traverses the ordering point.
Instead, there seems to be an amount of disorder just
below T, and likewise a considerable short-range order
above 7.

We can compare A4 5, c,, our probability of finding an
unlike atom in the first shell around Au in AuCuj;, with
the short-range parameter a;, introduced by Cowley,”® or
with Bethe’s short-range-order parameter,” oggo. For the
first shell in AuCus, these are defined as:

a‘ixu: 1—Appce/Xcu=1 “(%)AAu-Cu: —’(%)USAIgO .

Figure 11 compares the short-range-order parameters
estimated from our EXAFS experiment with those deter-
mined from diffuse x-ray scattering.”'®!! The x-ray
values determined by Moss!! are the latest ones—the pre-
cautions taken in that work should lead to the most reli-
able values. The agreement between the different mea-
surements is reasonable, particularly in view of the largs
uncertainties in the extraction of the parameters. Also
shown is the theoretical curve computed'®!® using an
Ising model, and the Kikuchi approximation.'*

As there is a preference of forming Au-Cu pairs, one
would expect the Au-Cu separation to be smaller than the
average lattice distance in the disordered state. Figure 10
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FIG. 11. Temperature dependence of two short-range-order
parameters that give the probability of finding different nearest
neighbors. Cowley’s parameter af" and Bethe’s o4y, measure
the degree of deviation from the random value of the probability
of finding a Cu neighbor next to a specified Au atom, xc,. They
vanish for complete randomness and approach the values of

—% and 1, respectively, for completely ordered AuCu;. The

values extracted from the EXAFS analysis are given by the cir-
cles. They are compared with those from diffuse x-ray scatter-
ing; squares from Moss (Ref. 11), open triangles from Cowley
(Ref. 7), and solid triangles from Wilchinsky (Ref. 10). The
solid line is a theoretical result using an Ising model (Ref. 12).
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does not justify this expectation. The thermal expansion
is well duplicated,’> but the average separation is some-
what larger than expected in the disordered state judging
from the Au Ly EXAFS data. A word of caution should
be given though. The uncertainty in the neighbor distance
is considerable, and furthermore the Cu-Au pair separa-
tions extracted from the CuK —edge data for the same
sample showed a decrease when it was heated above T

The spread in the pair correlation function o varies
qualitatively as expected. When the long-range order is
destroyed, there is a small discontinuous jump in o to
larger values, i.e., a larger spread of unlike neighbor dis-
tances. The slope of [Ac(T)]? also changes. The ordered
superlattice is stiffer than the disordered alloy. Its pho-
non frequencies are higher, and hence the thermal disor-
der is smaller. Several factors influence the change of the
phonon spectrum at the order-disorder transformation:
the discontinuous change in the average lattice constant,
the mass disorder, the electronic screening due to changes
in the electron structure, gaps in the phonon dispersion re-
lation at Brillouin zones, and optical phonons occurring in
a superlattice. The gradual decrease of the short-range or-
der and the increase of the atomic separation with increas-
ing temperature would tend to give a nonlinear tempera-
ture dependence of the pair correlation fluctuations. Fig-
ure 10, on the other hand, indicates linear dependences
below and above T, (although small nonlinear contribu-
tions would disappear within the uncertainty in these pa-
rameters).

An Einstein model of the vibrational spectrum is the
simplest, and often a useful, approximation in the calcula-
tion of the mean-square fluctuations in interatomic dis-
tances. The characteristic frequency wy of such an ex-
pression is a measure of the local vibrational structure of
importance for the fluctuations in the correlated pair
separation. An Einstein approximation gives roughly the
same agreement with experimental o*T) as various
force-constant models of the lattice vibrations do.!® Such
a treatment gives a linear temperature dependence of
0*=2kT/Mwyg at high temperature (M is the average
mass). From the linear temperature dependences of Fig.
10, we infer a change of about 17% in the Einstein tem-
perature at T, (from about 230 to 200 K). This large
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change can be compared with the S—25 % change (in dif-
ferent symmetry directions) of the elastic constants!” in an
interval around the ordering temperature of AuCu;. The
latter measurements by Sieger!” were made at relatively
low frequencies.

Kuczynski et al.'® reported a phase transition between
550 and 600°C, and possibly another one near 850°C,
from measurements of the specific heat, the temperature
coefficient of expansion, the Young’s modulus, and the
yield point of AuCu;. No anomalies in these regions were
evident from our EXAFS data.

CONCLUSION

We have shown that the degree of short-range order in
a partially ordered alloy can be extracted from EXAFS
data. The results agree on the whole with those of other
measurements although our uncertainties are rather large.
The interpretation of the EXAFS data is straightforward
and it is possible to obtain values of the short-range-order
parameter both above and below the ordering temperature.
These values are difficult to obtain using other methods.
The limited anneal times at low temperatures hampered
the extraction of reliable parameter values below the or-
dering temperature for the AuCu and Au;Cu samples in
these first experiments. Owing to its higher Ty value, the
results on AuCu; well below the ordering temperature are
representative of the ordered state.

In addition, the change in the absorption edge with tem-
perature indicates that the superlattice formation may
strongly influence the electronic structure of an alloy.
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