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Diffuse x-ray scattering of Ag–13.4 at. % Al

S. Y. Yu, B. Scho¨nfeld, and G. Kostorz
Institut für Angewandte Physik, Eidgeno¨ssische Technische Hochschule Zu¨rich, CH-8093 Zu¨rich, Switzerland

~Received 31 March 1997!

A single crystal of Ag–13.4 at. % Al aged within thea phase at 673 K was investigated by diffuse x-ray
scattering. The separated short-range-order scattering is only weakly modulated and shows two types of diffuse
maxima simultaneously, at 2kF

110 ~wherekF is the Fermi wave number along^110&! and at 1/2,1/2,1/2 positions.
Such a topology has previously been observed only in the Cu-Pt system. A detailed analysis of nearest-
neighbor configurations, however, exhibits large differences between the two systems; the data suggest the
A5B structure as a possible ground-state structure of the fcc Ag-Al lattice, i.e., none of the structures observed
in the Cu-Pt system. For this structure an order-disorder transition temperature of;135 K is estimated on the
basis of Monte Carlo simulations with effective pair-interaction parameters of the first 18 shells.
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INTRODUCTION

Short-range order in fcc Ag-rich Ag-Al~a phase! has
been known for some time from the results of diffuse sc
tering and measurements of the electrical resistivity.1,2 Re-
cently, Kulish and Petrenko3 investigated polycrystalline
Ag-Al by diffuse x-ray scattering with the samples held
the aging temperature as well as following a subsequ
quench to room temperature. The data presented in deta
Ag–15 at. % Al were fitted to a small number of Fouri
coefficients~four short-range-order parameters and two d
placement parameters!. As these parameters were found
vary nonmonotonically with the aging temperature, the pr
ence of two types of short-range order or structures w
claimed to be present. While at high temperature short-ra
order should locally resemble theL12 structure, martensitic
b8 ~for its characterization, see Gupta4! should occur at
lower temperatures. Two remarks, however, must be ma
~i! while the nearest-neighbor short-range-order param
indicates a low degree of order, an exceptionally high va
is found for the second-nearest neighbors.~ii ! The data sug-
gesting a nonmonotonic variation with aging temperat
were taken not only within thea phase but also within the
a-m two-phase region.

The nearest-neighbor short-range-order parametera110
was also calculated from measurements of the electrica
sistivity by Pfeileret al.5 They assumed~i! a linear depen-
dence of the change of electrical resistivity induced by sh
range order ona110 and ~ii ! a temperature-independe
proportionality factor. The variation ofa110 with temperature
was considered in a quasichemical model. The data obta
for a110 are of the same order as those found by diffu
scattering.

The presence of short-range order had also been note
the course of the decomposition of Al-rich Al-Ag alloy
Based on small-angle and diffuse wide-angle scattering
periments, Maliket al.6 determined the microstructure of th
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Guinier-Preston zones and found that the zones of an ave
composition of Ag-~80610! at. % Al are short-range or
dered. Values thus obtained forua110u are larger than those
found in the studies quoted above.3,5

In conclusion, the knowledge of the pair correlation fun
tion in Ag-Al is very limited. For a detailed determination
diffuse scattering from single crystals is required~see, e.g.,
Ref. 7!.

From the pair-correlation function the local atomic a
rangements and the effective pair-interaction parameter~if
states of thermal equilibrium are investigated! can be de-
duced. This is of special interest in Al-Ag, as no long-rang
ordered~fcc! structure is known directly from experimen
Based on electronic structure calculations, Asta8 found three
ground-state structures and determined their range of e
tence for a phase diagram relative to the fcc lattice. These
Ag2Al ~Pt2Mo type!, Ag3Al ( D022) and Ag5Al @A5B type,
see Fig. 1~a!#. For the hcp lattice two long-range-ordere
structures have been proposed. Based on x-ray diffractio
highly symmetrical directions from Ag–33 at. % Al singl
crystals, Neumann10 suggested a superlattice where in ea
basal plane an Al atom is surrounded by 6 Ag atoms.
structural predictions could be given to reproduce the sli
compositional variation observed for alternating ba
planes. The second model was introduced by Howeet al.11

for the structure ofg8 precipitates which appear during th
decomposition of Al-rich Al-Ag alloys. It is based on resul
from high-resolution electron microscopy in combinatio
with image simulations, EDS and CBED. Consecutive ba
planes are now made either of pure Ag or Al–33 at. %
~any Ag atom is surrounded by 6 Al atoms in the ba
plane!. Both models are shown in Figs. 1~b! and 1~c!. First-
principles calculations were done by Rohreret al.12 for both
suggested structures. The structure proposed by Howeet al.
was judged to be more stable.

In the present determination of the microstructure in
Ag-Al, a single crystal with 13.4 at. % Al aged at 673 K wa
8535 © 1997 The American Physical Society
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8536 56S. Y. YU, B. SCHÖNFELD, AND G. KOSTORZ
investigated. These conditions were chosen~i! to get a large
degree of short-range order because of a large Al frac
and ~ii ! to have a low aging temperature just above
a/(a-m) phase boundary~;585 K for 13.4 at. % Al, see
Ref. 13!. This state should be preserved in quenching
room temperature to allow effective pair-interaction para
eters to be deduced and low-temperature ground states
discussed. X rays were preferred over neutrons in the th
dimensional scattering experiment as the scattering con
~the difference of the atomic scattering factors normalized
an average scattering length! is then larger by a factor o
;2.

THEORY

The elastic coherent diffuse scattering from a sing
crystalline alloy arises from any static breaking of the tra
lational invariance of the lattice, such as the mere prese
of different types of atoms and the different atomic siz
leading to static atomic displacements. Within the fram
work of the kinematic theory and in the quadratic appro
mation of the displacement scattering for a binaryA-B cubic
crystal, this diffuse scatteringI diff can be written as a sum o
short-range-order scatteringI SRO, size effect scatteringI SE,
and Huang scatteringI H :

I diff~hI !5I SRO~hI !1I SE~hI !1I H~hI !, ~1!

FIG. 1. ~a! A5B structure viewed along@001# direction~Ref. 9!.
Different sizes refer to successive~001! planes withs, A andd, B
atoms always along@001#, while alternating site occupancy withA
andB atoms~B andA atoms! is indicated by half-shaded circles.
Ag2Al structures introduced by~b! Neumann~Ref. 10! and ~c!
Howe et al. ~Ref. 11!. s, Ag andd, Al atoms.
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where hI is the scattering vector in reciprocal-lattice un
~r.l.u.! ~uhI u52a sinu/l, u is half the scattering angle,a is the
mean lattice parameter,l is the wavelength of the inciden
radiation!. The diffuse scatteringI diff(hI ) is given in Laue
units, cAcBu f A2 f Bu2, with cm5atomic fraction and f m
5atomic scattering factor of componentm. Short-range-
order scatteringI SRO(hI ) is given by

I SRO~hI !5(
lmn

a lmn cos~ph1l !cos~ph2m!cos~ph3n!,

~2!

wherel ,m,n are integers defining the interatomic vectors
units of half the lattice parametera, and a lmn are the
Warren-Cowley short-range-order parameters14

a lmn512Plmn
AB /cB , ~3!

with Plmn
AB the conditional probability of finding aB atom at

any site of typelmn if an A atom is at position 000.
Short-range-order scattering can be separated from th

tal diffuse scatteringI diff by the separation techniques of Bo
rie and Sparks15 ~BS! and Georgopoulos and Cohen16 ~GC!.
Both methods are based on the symmetry of the differ
scattering contributionsI SRO, I SE, and I H combined with
their different weighting with scattering vectorhI . While the
BS method assumes no difference in the dependence o
atomic scattering factorsf A and f B , the GC method is ex-
plicitly based on the differences in theirhI dependence. Thus
the BS method is more appropriate for nonmagnetic neu
scattering while for x-ray scattering, the GC method sho
be used.

EXPERIMENT

A single crystal of Ag with nominally 15 at. % Al, abou
90 mm long and 12 mm in diameter, was grown by t
Bridgman technique under argon atmosphere in a high-pu
graphite crucible. The starting materials were high-pur
aluminium ~99.999 at. %! of VAW Aluminium ~Bonn, Ger-
many! and high-purity silver~99.99 at. %! of Métaux Pré-
cieux SA METALOR ~Neuchâtel, Switzerland!.

The composition of the sample analyzed from adjac
slices by wet-chemical analysis by the Ag supplier w
Ag–~13.3560.03! at. % Al. A cylindrically shaped slice, 11
mm in diameter and 3.2 mm in height with a surface norm
near the@421# direction, was cut from the single crystal b
spark erosion. The slice was homogenized at 973 K for
and quenched into iced water, subsequently annealed at
K for 184 h and again quenched into iced water. The ag
temperature was chosen in thea phase13 close to thea-m
two-phase region to set up a high degree of short-range
der. As the relaxation time for short-range ordering extra
lated from the data of Meisterle and Pfeiler17 ~these data
were probably partly taken within thea-m two-phase region!
is less than 1 s~estimated value at 573 K!, a state of thermal
equilibrium might not have been frozen in. To obtain a fl
sample surface for the x-ray measurements, the slice was
mechanically polished~final polish with a diamond paste o
3 mm!. The damaged surface layer was then electroche
cally removed for about 10 s with 1 A current in a solution of
80% phosphoric acid~85%! and 20% nitric acid~65%!.
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FIG. 2. Lines of equal intensity forI SRO(hI ) in 0.1 Laue units as separated and as recalculated from the 27a lmn of Table I: ~a! ~001! and
~b! ~110! plane~based on the GC separation technique!, ~c! ~001! and ~d! ~110! plane~based on the BS separation technique!.
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Diffuse x-ray measurements were carried out on a fo
circle diffractometer at room temperature. A Rotaflex R
200BH ~Rigaku, Japan! operated at 180 mA and 50 kV wa
used as the x-ray source. The MoKa radiation (l
50.071 069 nm) was selected by a doubly bent pyroly
graphite monochromator. The sample was mounted in
evacuated sample chamber. The diffuse intensity was m
sured at about 11 000 positions under monitor control. Ty
cally, 4000–12 000 counts were registered per position
about 150 s. A spacing of 0.1 r.l.u.~reciprocal-lattice units
2p/a! was chosen, with scattering vectors ranging from
to 7.4 r.l.u.

To obtain the elastic scattering from the experimen
counts, the scattering was put on an absolute scale by c
parison with the scattering from polysterene, and Comp
scattering and thermal diffuse scattering were calculated
subtracted. Compton scattering was taken from the dat
Cromer18 for Al and of Cromer and Mann19 for Ag. Thermal
diffuse scattering up to third order was calculated using
elastic constants measured by the ultrasonic pulse-e
overlap method for a sample of the same composition
thermal history. The elastic constants at room tempera
are c115121.7(8) GPa, c12596.8(2) GPa, and c44
546.9(2) GPa. From the elastic constants,Bt5
0.73331022 nm2 and Bs50.01431022 nm2 were deter-
r-
-
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mined for the thermal and static part ofB in the Debye-
Waller factor exp@22B sin(u/l)2#.20,21 The atomic scattering
factors of Ag and Al were taken from Doyle and Turner22

and the dispersion corrections from Sasaki.23

DIFFUSE SCATTERING

Short-range-order scattering was obtained by the sep
tion methods of Georgopoulos-Cohen16 and Borie-Sparks.15

Although the BS method only represents an approximat
to the GC scheme for diffuse x-ray scattering, it is a valua
tool in judging any conclusion for the following reason
First, the difference between the atomic sizes of Ag and A
small and the approximate treatment of displacement sca
ing is less crucial. Second, a lower number of Fourier se
are required in the BS method, which is advantageous in
present situation where only a small modulation of sho
range-order scattering~between 0.2 and 1.8 Laue units! is
present.

Figure 2 shows the separated short-range-order scatte
within the ~100! and ~110! planes of reciprocal space ob
tained with the use of both methods; the dotted areas aro
the Bragg reflections were not considered in the evalua
because of increased thermal diffuse scattering and pos
tails of the Bragg reflections. Two types of diffuse maxim
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are observed, a local one at 2kF
110 positions and an absolut

one around 1/2,1/2,1/2. The first type arises because of
flat pieces of the Fermi surface along^110& that are spanned
by the scattering vector 2kF

110. The second type is locate
close to one of the special points of the fcc lattice. While i
difficult to decide whether there is a split maximum close
1/2,1/2,1/2 or not~see the subtle differences in the GC a
BS analyses!, the elongated shape of the lines of equal inte
sity around this special point is certainly striking. Stro
deviations from spherically shaped isointensity lines arou
special points are known for 100 positions in various bin
copper and nickel alloys.24–27 A correlation between the
shape of the contour lines and the presence of antiph
boundaries or a platelike nature of short-range-ordered ‘
gions’’ has been suggested. In the present case, howeve
low degree of short-range order makes it impossible to re
any such conclusion from modeling.

The Warren-Cowley short-range-order parametersa lmn
were determined by a least-squares-fitting procedure f
the short-range-order scatteringI SRO. At least 17 values of
a lmn are required to reproduce the topology with diffu
maxima around the 1/2, 1/2, 1/2 and 2kF

110 positions. Judging
the quality of the fit from its weightedR value, and espe
cially from the intensity distribution around the two types

TABLE I. Warren-Cowley short-range-order parametersa lmn

according to the Georgopoulos-Cohen~GC! and the Borie-Sparks
~BS! separation techniques.

lmn

a lmn

GC BS

000 0.9732~32! 1.0234~29!

110 20.0804(13) 20.0784(11)
200 20.0523(11) 20.0562(12)
211 0.0149~6! 0.0146~5!

220 0.0262~7! 0.0258~9!

310 0.0036~6! 0.0019~6!

222 20.0062(9) 20.0064(9)
321 20.0048(5) 20.0052(4)
400 20.0060(12) 20.0057(11)
330 20.0073(8) 20.0070(8)
411 20.0027(6) 20.0031(6)
420 20.0013(6) 20.0019(6)
233 0.0053~7! 0.0048~6!

422 20.0020(5) 20.0022(5)
431 0.0036~4! 0.0041~4!

510 20.0017(7) 20.0011(6)
521 0.0015~4! 0.0010~4!

440 0.0001~8! 20.0007(7)
433 20.0002(6) 0.0007~6!

530 0.0005~5! 20.0002(6)
244 20.0003(5) 20.0008(5)
600 0.0040~11! 0.0034~10!

532 20.0009(4) 20.0009(4)
611 20.0014(6) 20.0002(5)
620 0.0005~5! 0.0004~5!

541 20.0001(4) 0.0011~4!

622 0.0004~5! 20.0006(5)
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diffuse maxima, 27 values ofa lmn ~with R50.03,x250.93!
were finally used. Table I gives the values of the Warre
Cowley short-range-order parameters, the recalculated sh
range-order scattering is shown in Fig. 2. Both evaluat
schemes closely agree. The values ofa000 deviate by less
than63% from unity. The magnitude ofa110 is only 50% of
the maximum permitted,u12cAg

21u50.154, reflecting the low
degree of short-range order.

Short-range-order parameters were also determined
Kulish and Petrenko.3 For the sample closest to the one
this investigation, Ag–15 at. % Al quenched from 673
after aging for 10 min, the data werea110520.08, a200
50.24,a211520.08, anda22050.18. Only fora110 this set
agrees with thea lmn of Table I, while fora200 anda211 the
signs are different, and fora200 and a220 the large positive
values are striking. Differences in the sets ofa lmn from
single crystalline and polycrystalline alloys were previous
observed in Cu-rich65Cu-Zn,28 where a satisfactory agree
ment was found only fora110. High correlations in the de-
termination of a lmn from different shells~values close to
61 in the covariance matrix! observed in the case of diffus
scattering from polycrystals, point to the general problem

FIG. 3. ~111! planes of Ag–13.4 at. % Al for~a! a modeled
short-range-ordered alloy and~b! a sample with a random arrange
ment. Atoms belonging to theC9 configuration are shown by en
larged symbols.s, Ag andd, Al atoms.
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56 8539DIFFUSE X-RAY SCATTERING OF Ag–13.4 AT. % Al
deduce meaningful data from polycrystals within such a
stricted range of scattering vectors. A further difference
tween the present data and those of Ref. 3 is readily vis
in I SRO. If one calculates short-range-order scattering from
polycrystalline sample within 0.4,uhI u,1.6 ~the experimen-
tal range in Ref. 3! with the data of Table I, a differen
topology is found as there is a diffuse peak not only arou
uhI u'0.9 but also at'1.4. No reason for this difference i
known.

LOCAL ATOMIC ARRANGEMENTS

Short-range order in real space was visualized on crys
of 32332332 fcc unit cells. They were generated by inte
changingA and B atoms till the final arrangement in th
crystal was compatible with the given pair-correlation fun
tion. As an illustration, Fig. 3 shows~111! planes of modeled
crystals with a short-range ordered and a statistically un
related arrangement. The subtle differences reflect the
degree of order. The crystals were then analyzed with res
to the 144 distinguishable atomic configurations of the fi
coordination shell~Clapp configurations29!, considering the
case of minority atoms around majority atoms. The resul
given in Table II in terms of the abundances of a selec
number of configurations~Fig. 4! in the short-range-ordere
alloy and their respective enhancement factors when re
ring to a random arrangement. The largest enhanceme
found for theC9 configuration. Atoms belonging to this con
figuration are shown by enlarged symbols in Fig. 3.

Table II summarizes the cases of ground-state struct
suggested by Asta8 for the fcc lattice: Ag5Al ~A5B structure
with C4, C5, andC9 as characteristic configurations!, Ag3Al
~D022 structure with theC16 andC17 configurations!, and
Ag2Al ~Pt2Mo structure with theC8 configuration!. With
respect to the composition of the alloy investigated, it will
nearly stoichiometric forA5B, but distinctly understoichio-
metric forD022 or Pt2Mo. This was considered by also an
lyzing the situation in which minority atoms are successiv
replaced by majority atoms. Table II shows that the b
candidate for a ground-state structure isA5B. This conclu-
sion is further supported if one considers the fraction of

TABLE II. Configuration abundances and enhancement fac
with respect to a statistically uncorrelated Ag–13.4 at. % Al al
for Al around Ag atoms in the first neighboring shell.

Structure Configuration
Abundance

in %
Enhancement

factor

A5B C4 6.2 2.5
C5 20.6 2.0
C9 2.1 3.8

D022 C16 0.02 0.5
C7 1.0 1.2

C3,C4 11.8 1.6
C17 0.1 1.7
C8 3.2 2.1

C3,C5 26.2 1.7
Pt2Mo C8 3.2 2.1

C3,C5 26.2 1.7
-
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C4, C5, and C9 configurations inA5B and in the short-
range-ordered alloy. To approach the relationC4:C5:C9
51:2:2 of the long-range-ordered alloy, the enhanceme
factors of theC5, C4, C9 configurations must increase i
this sequence. This is, in fact, observed for the short-ran
ordered alloy.

If one only considers nearest neighbors around majo
atoms within a$111% plane, the three minority atoms of th
C9 configuration are found within a single$111% plane. This
configuration with an abundance of 0.7% in the short-ran
ordered alloy, also has a distinct enhancement factor~of 2.2!.
This planar configuration is no longer restricted to the
lattice, but can also be discussed for the hcp lattice. T
models have been suggested for the ground-state structu
the hexagonald phase. In Neumann’s model10 the planar
configuration just introduced is the basic building eleme
while in the model of Howeet al.11 either no minority atom
or only minority atoms are located around a majority ato
For the situation of no minority atom around a majori
atom, an abundance of 36.5% and an enhancement fact
0.9 is found. Thus, the present abundance analysis is
consistent with Neumann’s model.

The model of Howe et al.11 is supported by first-
principles electronic structure calculations for the Ag2Al
stability.12 Diffuse scattering experiments within the hexag
nal d phase are required to clarify this point. Such measu
ments are presently under way.

EFFECTIVE PAIR-INTERACTION PARAMETERS

For a canonical ensemble the HamiltonianH per atom of
a binaryA-B alloy is written as

H/N5cAcB(
lmn

Vlmna lmn , ~4!

FIG. 4. Nomenclature of configurations as introduced by Cla
~Ref. 29! for the first coordination shell of an atom~open circle! in
the fcc structure.

Sites occupied
Configuration by one atom type

C3 6,7

C4 5,7

C5 6,12

C7 5,6,7

C8 5,6,12

C9 1,7,9

C16 5,6,7,8

C17 4,6,7,9
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whereVlmn51/2(Vlmn
AA 1Vlmn

BB )2Vlmn
AB are the effective pair-

interaction parameters. The set ofa lmn in Table I ~GC sepa-
ration technique! was used to determine theVlmn by the in-
verse Monte Carlo method.30 Virtual exchanges (;19 000)
were considered on crystals of 643 atoms using linear bound
ary conditions. Results forVlmn were averaged over fou
modeled short-range-order crystals compatible with the
perimentala lmn and their standard deviations. Varying sy
tematically the number of relevantVlmn , a set of 14 is at
least required to reproduce the topology of short-range-o
scattering with diffuse maxima at 2kF

110 and 1/2 1/2 1/2 po-
sitions in a subsequent Monte Carlo simulation. A set of
Vlmn was finally taken for a good reproduction of the set
a lmn from experiment. Among the set ofVlmn the first two
are dominant and positive. Their ratioV200/V110 of 0.6 is just
within the range of 0.5 to21 for two significant parameter
and diffuse maxima at 1/2 1/2 1/2,31 and close to the region
with diffuse maxima at 1 1/2 0, i.e., reflecting the local 2kF

110

maxima.
Starting from a long-range-orderedA5B crystal and using

the effective pair-interaction parametersVlmn of Table III,
the order-disorder transition temperature was estimated
Monte Carlo simulations. As expected from the low deg
of short-range order, a low transition temperature of;135 K
~610 K estimated! is obtained. This value is not too differen
from the ordering temperature obtained in the electron
structure calculations of Asta and Johnson8 (;220 K). Yu
et al.32 found a much higher value (;400 K).

COMPARISON WITH THE Cu-Pt SYSTEM

The simultaneous presence of 2kF
110 and 1/2, 1/2, 1/2

maxima in short-range-order scattering has also been
served in solid solutions of Cu-Pt. Recently, this system
been studied in detail by Saha and Ohshima33 for solid solu-

TABLE III. Effective pair-interaction parametersVlmn as ob-
tained by the inverse Monte Carlo method with thea lmn of the GC
evaluation scheme~Table I!.

lmn Vlmn ~meV!

110 48.2~5!

200 28.1~3!

211 4.8~2!

220 20.7(1)
310 4.3~3!

222 21.0(2)
321 0.6~3!

400 6.3~6!

330 1.0~2!

411 3.1~3!

420 1.5~3!

233 21.6(1)
422 0.4~2!

431 20.6(1)
510 2.1~5!

521 0.3~2!

440 20.1(2)
433 20.9(2)
x-

er

8
f

by
e

-

b-
s

tions with 7–75 at. % Pt. From diffuse x-ray scattering, s
of Warren-Cowley short-range-order parameters were
tained. As long-range-ordered structures are known for Cu
~for the Pt-rich alloys, see Ref. 34!, the opportunity is given
to analyze the data ofAg-Al also with respect to the building
elements of these long-range-ordered structures. In term
nearest-neighbor configurations of minority atoms arou
majority atoms these areC16 for Cu3Pt ~L12 structure!, C82
for CuPt ~L11 structure!, C26, C82, andC83 for Cu3Pt5 in
the abundance ratioC26:C82:C8353:1:1, andC4 andC26
for CuPt3 with the abundance ratioC4:C2651:2. An abun-
dance analysis of Clapp configurations is presented in Ta
IV; the data from Cu–32 at. % Pt were not used as it was
possible to model a short-range-ordered alloy with the p
lished set of Warren-Cowley short-range-order paramet
The following conclusions can be drawn.

~i! For Cu–16 at. % Pt and Cu–24.5 at. % Pt, the confi
ration C16 (Cu3Pt) is enhanced the most, especially in t
case of close stoichiometry. Also configurations genera
by adding one minority atom at any position of the neare
neighbor shell (C34) or removing one (C7) are strongly
enhanced. On the Pt-rich side,C16 is not enhanced~note that
the 2kF

110 splitting around 100 positions is not observed w
dilute Pt-rich or dilute Cu-rich alloys, and only 100 maxim
are found!. No enhancement ofC16 is observed for Ag–13.4
at. % Al.

~ii ! For Cu–75 at. % Pt, the configurationsC4 andC26
(CuPt3) are most strongly enhanced while adding and/or
moving one minority atom of the nearest-neighbor sh
yields configurations with enhancement factors of;1. On
the Cu-rich side,C26 is also enhanced. For Ag–13.4 at.
Al an enhancement ofC4 is observed.

This mixture ofC16 andC4, C26 configurations in Cu-P
alloys is consistent with the suggestion of two ‘‘types’’ o
short-range order introduced by Saha and Ohshima33 in
terms of two pair-correlation functions that should refle
correlations between consecutive~111! layers and because o
Fermi-surface imaging. Experiments for solid solutio
closer to the stoichiometry of CuPt and Cu3Pt5 may help to
understand why the configurationsC82 andC83 are not en-
hanced.

For the present case of Ag–13.4 at. % Al there is no n
for two ‘‘types’’ of correlations. Only the configurationsC4,
C5, C9 indicative of one ordered structure (A5B) are en-

TABLE IV. Enhancement factors of short-range-ordered Cu–
at. % Pt, Cu–24.5 at. % Pt, and Cu–75 at. % Pt~see Ref. 33! with
respect to a statistically uncorrelated alloy of the same compos
for minority around majority atoms in the first neighboring shell

Structure Configuration

Enhancement factor

16 at. % Pt 24.5 at. % Pt 75 at. % P

L12 C16 4.1 17.1 0.5
L11 C82 0. 0.5 0.
Cu3Pt5 C26 1.8 2.4 3.0

C82 0. 0.5 0.
C83 0. 0.6 0.

CuPt3 C4 3.1 1.4 3.1
C26 1.8 2.4 3.0
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hanced. As neither the configurationsC16 (Cu3Pt) norC26
(CuPt3) are enhanced in the short-range-ordered alloy, th
is no reason to expect one of the ground states of the C
system for fcc Ag-Al.

One might think to get further indications on order
ground states from diffuse scattering of alloys in the cubicm
phase. Presently, this structure is noted ‘‘disordered’’ in
literature as no diffuse scattering experiments have b
performed.35 The problem with such experiments is obviou
the complex structure of them phase, the cubicA13 structure
with 20 atoms per unit cell, will render a detailed analy
and any separation of short-range-order scattering extrem
difficult. If nearest-neighbor configurations are obtained, a
.
,

ta

.

i.

.

re
Pt

e
n

:

ly
y

transfer to the fcc alloy investigated would remain questio
able. Diffuse scattering from the hexagonald phase currently
under way will most probably provide a more direct a
proach in assessing possible ground-state structures in
Ag-Al.
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