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We report on a systematic study of the unoccupied electronic states of long-range-ordered or-

thorhombic MoNis alloy as well as its parent metals as reference.

Measurements included the

bremsstrahlung isochromat spectra for incoming-electron kinetic energy of 5414 eV and K-edge
x-ray-absorption spectra of Ni. Further, all measured spectra were calculated on the basis of ab
initio band-structure calculations performed for the investigated materials. The influence of the core
hole on the Ni K-edge absorption spectrum was found to be small. A substantial deviation of the
local structure in the long-range-ordered alloy was inferred by analogy to a local deformation of the
lattice in semiconducting pseudobinary (ternary) alloys.

I. INTRODUCTION

Much attention in the literature has been devoted to
the studies of the occupied electron states in solids. Fast
development of commercially available x-ray and ultravi-
olet photoelectron spectrometers offers attractive exper-
imental facilities for their investigation and comparison
with theoretical results.

Nowadays, x-ray synchrotron radiation facilities also
make possible good quality, highly resolved measure-
ments of x-ray absorption spectra (XAS). The devel-
opment in photoelectron spectroscopy stimulates the
bremsstrahlung isochromat measurements.!> Easy ac-
cess to these two techniques, which probe the unoccupied
density of states (DOS), has created an increase of inter-
est in calculations that can provide the unoccupied DOS
distribution in a wide range of energy. Calculations of
x-ray absorption and isochromat spectra from first prin-
ciples using a band-structure approach require knowledge
of the conduction-band energies and wave function up to
relatively high energies. This results in considerable com-
plexity of the calculations because of the large number
of energy levels in the high-energy regions of the spectra.
From the experimental point of view, no single technique
compares directly the calculated DOS with measured
data. In fact, each technique involves additional effects
which change the observed DOS distribution. Therefore,
a comparison of several methods employed to measure
the same material offers the possibility to examine the
importance of these additional effects.

X-ray absorption spectroscopy is a symmetry- and site-
projecting technique. Proper choice of edges can pro-
vide the partial DOS projected on each site. On the
other hand, the many-body response to the creation of a
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core hole (correlation effects) can change significantly®*
the single-particle picture. On the other hand, the
bremsstrahlung-isochromat-spectra (BIS) method is free
from core-hole effects. For this reason comparison of the
BIS and XAS allows us to estimate the importance of
the core-hole potential. However, BIS is not site project-
ing and mixes contributions from different partial states
which makes the comparison somewhat involved. For
many years it was assumed that there is no important
dependence of isochromat spectra on the transition ma-
trix elements involved in the process.5 There is, however,
ample evidence now (see, e.g., Refs. 6 and 7) that this as-
sumption is not valid. Nevertheless, the lack of a realistic
calculation of the transition matrix elements is a serious
limitation in attempts to perform an accurate analysis of
the intensity distribution in the isochromat spectra, since
only a few such calculations in the wide energy range can
be found in the literature.6-°

In this work we present x-ray absorption measurements
at the K edge of Ni in MoNij ordered alloy and wide en-
ergy range measurements of isochromat spectra of this
alloy. The same measurements were also done for ele-
mental Ni and Mo to obtain a proper reference in our
study. Furthermore, we report ab initio electronic-band-
structure calculations for both metals and for the alloy.
In order to calculate the unoccupied DOS in the energy
range higher than a few electron volts above the Fermi
level, it was found necessary to go beyond the minimal
basis set'® employed by the standard linearized meth-
ods of band calculations, i.e., linear muffin-tin orbital
(LMTO) and augmented spherical waves (ASW). For
this reason the localized-spherical-wave (LSW) method!!
with the extended basis set!?!3 was used in this work.
This method allowed us to extend first-principles calcula-
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tions up to 70 eV above Fermi level. The calculated and
measured spectra give an excellent overall match for the
pure metals. The importance of additional effects in XAS
and BIS for these materials is assessed. In the case of
the intermetallic MoNiz compound the situation is much
more complex. From a comparison of our theoretical and
experimental data we suggest that the local structure in
ordered MoNij alloy is different from its long-range struc-
ture in the way they differ in the pseudobinary (ternary)
II-1V and III-V semiconducting alloys.

The paper is organized to report the experimental de-
tails in Sec. II. Then the essential information about the
electronic structure calculations performed in this work
is given in Sec. III. Next, Sec. IV contains a step-by-step
comparison of theoretical and experimental results to-
gether with emerging conclusions. Finally, in Sec. V we
summarize our work.

II. EXPERIMENT

The samples of Ni and Mo were thin metal foils of
high-purity Goodfellow Metals. Polycrystalline MoNis
samples were prepared from metal foils by repeated arc
melting of weighted amounts of the materials in a helium
atmosphere. The x-ray microprobe was used to check the
chemical composition at several different surface regions.
The samples were cut into 0.5-1.0-mm-thick slices. To
form the orthorhombic long-range ordered structure the
samples were annealed four days at a temperature of 1013
K. The structure was controlled by x-ray diffraction. The
long-range-order coefficient was estimated to be equal to
0.84. The samples were powdered in order to facilitate
x-ray diffraction and absorption measurements.

XAS at the K edge of Ni were collected using the
x-ray beam line of the PULS facility at Frascati Syn-
chrotron Radiation Laboratory. The radiation coming
out from the Adone storage ring working at 1.5 GeV and
I = 50 mA was monochromatized by a Si(111) channel-
cut crystal. The geometrical resolution was 1.5 eV. Two
ion chambers were used for the detection of the x-ray
beam before and after the sample. The spectra for Ni
were recorded at steps of 0.6 eV in the absorption and
fluorescence modes. The spectrum for MoNij alloy was
recorded only in fluorescence mode.

BIS were measured at a photon energy of 5415 eV. A
Si(220) Johann-type monochromator was set at the Cr
Ko line (5414.72 V). A proportional counter was used as
an x-ray detector. The energy of the electron beam was
changed in the case of Mo by 0.2-eV steps and in the case
of Ni and alloy by 0.5-¢V steps. The energy resolution
of the isochromat spectrometer estimated from the BIS
spectra of Pd was equal to 1.8 eV.° The electron beam
current was 10 mA. The vacuum in the x-ray tube was
of the order of 10~* Pa.

The samples were mechanically polished using emery
paper and ultrasonically washed in acetone then mounted
on a water-cooled holder and kept during measurement
at about 1000 K, to avoid carbon and oxygen contamina-
tion and in the case of the alloy sample, changes in atomic
order. We did not notice any influence of surface contam-
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ination on the measured BIS. The isochromat spectrum
registered for Ni was very similar to the spectrum regis-
tered by Chu and Best® in a vacuum better than 10~8
Pa.

III. ELECTRONIC STRUCTURE CALCULATION

Powder x-ray diffraction of the ordered MoNiz al-
loy proves that the alloy crystallized in the orthorhom-
bic close-packed structure’ which belongs to the space
group Pmmn(D}3).1415 The unit cell, with parameters
a =5.064, b =4.224, and ¢ =4.488 A, contains eight atoms
in the following Wyckoff position:

Mo 2a(0,0,z,) with z, =1 + z,

Ni 2b (0,-%,21,) with z; = 1 — z,,

Ni 2f (z,0,z.) with z. =0.0157 and z = .

These data were the relevant input parameters in ab
initio band-structure calculations, carried out by the
LSW method.!! We used the scalar-relativistic Hamil-
tonian (spin-orbit interaction not included) with ex-
change and correlation effects treated within the lo-
cal (spin) density approximation using (spin-polarized)
Hedin-Lundqvist parametrization. The self-consistent
calculations were performed including all core electrons
and with the minimal basis set of augmented spherical
waves (SW) for the valence electrons containing 5s-, 5p-,
and 4d-like functions for Mo, and 4s-, 4p-, and 3d-like
functions for Ni.

The most commonly used linearized methods of band-
structure calculation LMTO, ASW-LSW, and linear aug-
ment plane wave were designed for an optimal descrip-
tion of occupied valence states. By optimal we mean
here both accuracy and efficiency in self-consistent cal-
culations. However, all these methods show a deficiency
of the basis set when attempting to describe unoccu-
pied electron states in the energy range higher than the
first few eV above Fermi energy or above the bottom of
the conduction band in the case of insulators.!? In order
to avoid the disadvantages of inelegant energy paneling
techniques used in the linearized methods to overcome
this deficiency, we used the extended basis set option'?
of the LSW method.!! Operationally, it works as follows.
The self-consistency is achieved with the minimal basis
set as defined above. Then, the set is enlarged and un-
occupied eigenstates of the self-consistent potential are
recalculated in a much wider energy range. In our case,
we added the following augmented SW to the basis set:
for Mo, 4f-, 5d-, and 6s-like functions; and for Ni, 4f-,
4d-, and 5s-like functions.

The self-consistent iteration was carried out with 64 k
points uniformly distributed in an irreducible part of the
Brillouin zone (IBZ) which is equivalent to 343 points in
the whole BZ. Then the Hamiltonian was diagonalized
with the extended basis set and the linear tetrahedral
integration technique was used to obtain the partial DOS.

To have a reference in our analysis, the calculations
of the band structure of elemental Mo and Ni were per-
formed by the same method with the same level of ac-
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curacy (that implies that equivalently more k points in
the IBZ were used) and using the same basis sets as for
atoms Mo and Ni in the alloy. Such calculations, as a
matter of fact, are trivial nowadays and the results are
well known (see, e.g., Ref. 16), so no further details will
be given here.

In Fig. 1 we show the local partial DOS of the ordered
orthorhombic MoNij alloy. Discussion of the structure
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of occupied valence states together with relevant exper-
imental results (x-ray photoemission spectroscopy and
x-ray emission spectroscopy) will be given elsewhere.l”
One may, however, already notice here the modification
of these states when compared with the partial states of
the parent metals Mo and Ni given in Fig. 2 also in the
wide energy range. In this paper we concentrate on unoc-
cupied states and in the next section the x-ray absorption
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FIG. 1.

Local partial density of states for MoNi3 long-range-ordered orthorhombic alloy obtained with the extended basis

set of LSW method: (a) Mo site; (b) Ni at Wyckoff position 2b; (c) Ni at Wyckoff position 4f. Fermi energy set to zero.
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FIG. 2. Partial density of states of parent metals: (a) bcc
Mo and (b) fcc ferromagnetic Ni. Fermi energy set to zero.

and isochromat bremsstrahlung spectra calculated on the
basis of local partial states from Figs. 1 and 2 are given
and are compared carefully with experimental findings.

IV. RESULTS AND DISCUSSION

A. X-ray absorption

Calculations of x-ray absorption at the K edge of Ni
have been presented by several authors (e.g., see Ref. 18).
In Fig. 3 our calculated and measured K edge of Ni in the
range up to 70 eV from Fermi level are shown. Spectrum
¢ was calculated in the single-particle model. It means
that one 1s core electron was excited to an unfilled state
of the initial, unperturbed crystal. The remaining elec-
trons were assumed to be frozen in their original states.
Therefore, the fine structure near the core-edge onset is
expected to reflect directly the unoccupied DOS as sym-
metry projected by the dipole selection rule. In our case
the K edge of Ni arises from the 1s to (unoccupied) p-like
state transitions. The p-like DOS shown in Fig. 2(b) has
been broadened by the convolution with the Lorentzian
distribution to account for the 1s Ni core hole and final-
state lifetime!® and with the Gaussian distribution to
account for the experimental resolution. The full width
at half maximum parameters 'y and I'¢ were equal to
1.440.1(E — EFf) €V and 1.5 eV, respectively. The posi-
tion of the Fermi energy on the experimental curve is not
known; thus the experimental spectra have been aligned
with theoretical curves to give the best overall match,
here and consistently throughout the paper. The strag-
gling tail of the theory curve should be ascribed to the
energy dependence of the single-particle matrix element
(which was neglected here), and to the lack of higher en-
ergy bands that contribute to the spectrum at lower en-
ergies through hot-electron broadening.!® To account for
this deficiency in the theory the continuous arctangent
function was subtracted from the experimental curve (b
in Fig. 3). This background correction brought the in-
tensity of peaks in the observed and calculated spectra
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FIG.3. X-ray absorption K edge of elemental Ni: (a), ex-

perimental spectrum; {b), experimental spectrum after back-
ground correction; {c), calculated spectrum.
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to the same level. Apart from the fact that the intensity
of peak B is overpronounced in the calculated spectrum,
very good agreement between theory and experiment was
obtained over the whole energy range.

The K edge of Ni in the orthorhombic MoNij alloy
is presented in Fig. 4, where a gives the direct experi-
mental result while b shows the result after a background
correction equivalent to that applied to pure Ni. The Ni
atoms occupy two different positions in the orthorhombic
unit cell. The p-like DOS for both positions are shown
in Figs. 1(b) and 1{¢). The K edges of Ni in both these
positions calculated for the alloy in the same way as for
pure Ni are shown in Fig. 4 as curves d and e. Curve ¢
shows the K-edge spectrum properly weighting contribu-
tions from both types of atoms. The agreement between
theory and experiment is not as good as for pure Ni.
In particular, shoulder E is greatly overestimated and
appears as a separated peak. In general, some differ-
ences can still be attributed to the core-hole potential and
single-particle matrix elements which can differ in the al-
loy from those in pure metals. However, the high level
of agreement between the experiment and K spectrum
of pure Ni calculated on the basis of the ground-state
partial DOS indicates that the influence of the core-hole
potential on the unoccupied p-like states is small. Ac-
tually, this conclusion was rather expected because the
main response to the hole (screening) should be made by
the more localized 3d electrons which are the dominating
part of the valence electrons. The same argument should
hold in the case of the alloy.

One can gain a direct insight to the importance of the
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FIG. 4. K-absorption edge of Ni in the MoNis alloy: (a),

experimental spectrum; (b), experimental spectrum after
background correction; (c), calculated spectrum of MoNij or-
thorhombic alloy; (d), spectrum calculated for Ni at Wyckoff

position 2b in the unit cell and (e), for Ni at Wyckoff position
4f.
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core-hole potential without referring to ab iniio calcu-
lations by comparing the XAS and BIS spectra, since in
the latter technique no core orbitals or holes are involved.

B. Bremsstrahlung isochromat spectra

In the bremsstrahlung isochromat process the electron
transition takes place between two states above the Fermi
energy. There are no simple selection rules or site pro-
jection that can be used for the interpretation of spectra
in terms of the local partial DOS. When we consider the
incoming electron as a plane wave (with given kinetic en-
ergy) the shape of the BIS spectrum is determined by the
superposition of all local partial DOS weighted by the ap-
propriate transition matrix elements. It was shown in the
case of the Ni isochromat spectra that these matrix ele-
ments change significantly when the energy of incoming
electrons varies from 530 to 5415 eV.6 Little systematic
attention has been given, however, to the calculation of
BIS transition matrix elements according to a physically
realistic model in solids. Speier et al.?® performed some
calculations of the matrix elements depending on atomic
number and angular momentum for incoming electron en-
ergy equal to the Al K« line (1487 eV) and for the energy
region of the final electron states up to 26 eV. Simunek,
Vacker, and Sobczak?! studied the dependence of tran-
sition probability on angular quantum number for two
energies of incoming electrons (1487 and 5415 V) in the
energy region 50-380 eV for Pd and Cu. Unfortunately,
we did not succeed in reproducing the 5415-eV Ni and
Mo isochromats in the energy range 0-40 eV using the
above probabilities. Hahn and Rule?? (HR) calculated
the relative probabilities for electrons to be captured by
an atomic or lonic system with different Z. Chu and
Best® used their results to simulate the Ni isochromats
for different energies of incoming electrons and found
good agreement with the experimental results. We also
used the transition probabilities obtained by the inter-
polation of data published by HR. The values that we
used to weight the partial DOS of Ni and Mo in order
to build the BIS spectra for kinetic energy of incoming
electrons, 530, 1214, and 5415 eV, are reported in Ta-
ble I. Curves resulting from this procedure were subse-

TABLE 1. Relative probabilities of transition from con-
tinuum to given atomic function for different kinetic energies
of the incoming electrons as obtained from Ref. 21. All en-
tries were normalized by the probability value of transition to
Ni 4s states for the energy 5415 eV.

Atomic Kinetic energy of incoming electrons (in eV)

function 5415 1214 530
Mo 5s 1.25 4.39 7.61
5p 0.99 8.26 18.72
4d 0.34 8.51 29.33
4f 0.02 1.63 9.14
Ni 4s 1 4.43 8.45
4p 0.39 5.42 15.69
3d 0.05 3.22 14.21
4af 0 0.26 1.71




1586

quently convoluted with the Lorentzian distribution with
Iy, =05+ 0.1(E — Ef) eV to account for the lifetime
of the electron in the excited final state and with the
Gaussian distribution with I'¢=1.8 eV for the 5414-eV
spectrum and I'¢=0.5 eV for the 1214- and 530-eV spec-
tra to simulate the experimental broadening (see Sec. I
for experimental details). Spectra obtained this way are
collected in Figs. 5(a) and 5(b). Dramatic changes of the
relative contribution of d-like states are clearly visible in
both cases when going from 530 to 5415 eV. In Figs. 6
and 7 we compare the theoretical BIS spectra for 5415 eV
with our measurements for Ni and Mo, respectively. To
account for the electrons which inelastically scatter prior
to the radiative transition, we convoluted the energy loss
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FIG. 5. Bremsstrahlung isochromat spectra of (a) Ni and
(b) Mo for different kinetic energies of the incoming electrons
as calculated from the partial DOS obtained in this work and
the relative probabilities of transition based on Ref. 21.
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FIG. 6. The isochromat spectrum of Ni measured at the
Cr Ko line (5414.72 eV): (a), experimental spectrum; (b),
experimental spectrum after subtraction of the inelastic elec-
tron contribution; (c), calculated spectrum (as in Fig. 5).

spectra of Ni (Ref. 23) and Mo (Ref. 24) with the total
DOS. The resulting curves do not show any pronounced
structure. To compare the calculated and experimen-
tal BIS, one can add these contributions to the calcu-
lated BIS or subtract them from the experimental data.
Curves b in Figs. 6 and 7 show the experimental spectra
after subtracting the contribution from inelastically scat-
tered electrons. The Ni isochromats have already been
calculated®25 on the basis of the Ni DOS of Szmulow-
icz and Pease!® but to the best of our knowledge, no
such results were published for Mo in the wide energy
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FIG. 7. The isochromat spectrum of Mo measured at the
Cr Ka line (5414.72 eV). All entries and explanations as in
Fig. 6.
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TABLEII. Main contribution to the structure of BIS spectra in terms of partial DOS. Features
named as in Figs 6 and 7. Parentheses indicate relatively small contributions. All energies given in
eV.

Ni Mo MoNis
Feature Energy . States Energy States Energy States

A 0.5 d 2 d 1 d Mo (4d Ni)

B 2.5 s+p 0.5* P 0.5% p Mo (+p Ni)

C 7 s+p 7 P 4.5 p Mo + p Ni

D 11 s(+p) 115 3 9 s Ni (+p Ni +s Mo)

E 12.5 s+p 13.5 P 10.5 p Ni + p Mo

F 15.5 P 17.5 p 16° p Ni + p Mo

G 25 p 27 P 27°¢ p Ni + p Mo

H 32 P 31 p 30°¢ p Ni+ p Mo

*Overlaid by feature A, not visible.
bMisplaced by about 3 eV.
“Poorly reproduced.

range of the final states and, in particular, for the 5415-
eV transition energy. We would like to stress the excel-
lent overall agreement in both cases between calculated
and measured spectra as well as the perfect matching of
all structures indicated in Figs. 6 and 7. This proves the
reliability of our ab initio calculation of partial DOS in
the wide range of energy. It also shows that the transi-
tion probabilities obtained from the atomic model of HR
are satisfactorily accurate for solids.?® Close inspection of
the spectra presented in Figs. 6 and 7 shows that all the
indicated features can be traced back to the respective
partial DOS in Figs. 2(a) and 2(b). A summary of such
assignments is given in Table II. Before we move to the
discussion of the isochromat spectrum of orthorhombic
MoNijz alloy we would like to draw the reader’s attention
to Fig. 3 and to compare it with Fig. 6 and Table II.
All features found in BIS spectrum which contain suf-
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FIG. 8. Theisochromat spectrum of orthorhombic MoNis
alloy measured at the Cr K« line (5414.72 eV). All entries and
explanations as in Fig. 6.

ficient contribution from p-like states can also be found
at the same energy position in the x-ray K-edge absorp-
tion spectrum. This agreement gives an experimental
upper bound for possible core-hole effects in the K-edge
Ni spectrum.??

In Fig. 8, organized similarly as Figs. 6 and 7, we
present BIS spectrum of the orthorhombic MoNij; alloy
together with theoretical curves obtained in the same way
as for the parent metals. We used the same relative tran-
sition probabilities (listed in Table I) for weighting the
local partial DOS of MoNiz [Figs. 1(a), 1(b), and 1(c)].
Contrary to the good agreement between theory and ex-
periment obtained for pure Ni and Mo, there is an obvi-
ous discrepancy in the energy range from 8 to 20 eV in the
spectra of the alloy. To exclude the possibility that the
discrepancy is caused by uncertainties in the transition
probabilities, we performed a simulation treating these
probabilities as adjustable coefficients. Only an insignif-
icant improvement could be obtained this way. Further-
more, the discrepancies in Fig. 8 correlate well in the en-
ergy range with the disagreement seen in Fig. 4. The only
conclusion from this consideration, and from the discus-
ston above where we ruled out significant influence of the
core hole on Ni K x-ray absorption spectrum, is that the
partial DOS of MoNij3 alloy is not correct. In our opinion
this is not due to the failure of ab initio calculations.?
On the contrary, from these calculations we conclude that
although MoNis alloy possesses a high degree of long-
range orthorhombic order (as reported in Sec. II), the
local structure must deviate substantially from this sym-
metry, causing the discrepancy. We can distinguish two
reasons for this deviation. The first is the presence of sub-
stitutional (or chemical) disorder. We can form different
crystal structures by various heat treatments of the alloy
with the same concentration of elements. Even the amor-
phous structure for MoNij alloy can be easily formed
by radio frequency co-sputtering. The random (substi-
tutionally disordered) MoNiz alloy crystallizes in the fcc
lattice. Study of the occupied band structure on the basis
of calculations and x-ray emission spectra showed a ten-
dency to form local structures similar to L1 type (as in
AuCusz) in such random MoNij alloy.?® After annealing of
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the random fcc alloy during several days at temperatures
below 1100 K, the intermetallic compound with the su-
perlattice with orthorhombic symmetry is formed.' This
means that every Ni and Mo atom can be found in its
own sublattice. However, this long-range order can be
perfect only at zero temperature. Thus the same disor-
der in the positions of Ni and Mo atoms is always ex-
pected. The second reason, being a consequence of the
first one, is a local deformation of the sublatticies which is
caused by the size effect (the difference in size of Mo and
Ni atoms), when a given atom does not occupy its own
sublattice. A similar situation was already found in the
III-V and II-IV semiconducting pseudobinary (ternary)
alloys.3%3! A perfect zinc-blende symmetry was always
seen by the x-ray diffraction experiments for these ran-
dom alloys. But essential discrepancies were noticed be-
tween the near-neighbor distances resulting from x-ray
diffraction and extended x-ray absorption fine-structure
(EXAFS) measurements>C which were explained success-
fully by a model of local deformation of the lattice.3! Very
recently this problem was again extensively discussed by
Su-Huai Wei and Zunger3? in the case of I1I-VI semicon-
ducting alloys. They have shown that changes in the
electronic structure of the alloy induced by both effects
named above (substitutional disorder and local lattice de-
formation) are distinguishable and of equal importance.
In order to resolve the problem of local structure in the
ordered MoNijz alloy, the EXAFS measurements of the
ordered and disordered MoNijz alloys have been already
performed. A quantitative analysis of the EXAFS data
is in progress and will be published elsewhere.

V. SUMMARY

We have reported the systematic study of the unoccu-
pied states of ordered MoNij alloy using its parent metals
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as reference. The investigation included (i) BIS measure-
ments for photon energy equal to 5415 eV in the wide
energy range; (i) Ni K-edge x-ray absorption measure-
ments; {1} ab 12715c electron band-structure calculations
for the alloy znd metals over a wide energy range above
the Fermi energy; {iv} calcujation of all measured spec-
tra.

Next, the careful comparison of theoretical and exper-
imental results for metals has shown excellent agreement
in the wide range of energy. This enabled us to make
the following conclusions: (i) the LSW method with the
extended basis set proves to be suitable and accurate for
calculation of the electronic structure in the wide range
of energy above the Fermi energy (without losing its in-
trinsic efficiency); (ii) bremsstrahlung transition proba-
bilities obtained from HR atomic (ionic) model are sat-
isfactorily accurate also in solids; (iii) core-hole effects in
the Ni K-edge x-ray absorption spectrum are negligibly
small.

Finally, on the basis of the systematic discrepancy be-
tween experimental results and ab initio calculations per-
formed under the assumnption of long-range orthorhom-
bic ordering in MoNis alloy, we have suggested that the
real local structure of this alloy differs considerably from
the orthorhombic structure. The x-ray diffraction shows
the spatial average of the atomic order but the electronic
structure is sensitive to local atomic environment. An
analogy to the III-V and II-VI pseudobinary (ternary)
semiconducting alloys has been drawn.
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