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The optical and magneto-optical properties of twophase NJAl alloys (Nig 75Al g.04g aNd Np 77:Al 9209
have been investigated experimentally and theoretically. In the optical-conductivity spectra of the investigated
alloys two intense interband absorption features-8t8 eV and~4.2 eV were experimentally observed. The
peak at~0.8 eV was theoretically predicted, but not experimentally confirmed in the previous investigations.
The low-energy peak exhibits a multiple-peak structure fqy;MNAl 09 alloy. It is also theoretically shown
that the fine structure of the low-energy absorption features originates from the extra spin ordering due to the
appearance of the so-called antistructure Ni atoms and their clusters in gheANj ,,q alloy, and it is
experimentally shown that this fine structure persists up to room temperature. The temperature dependencies of
the optical and magneto-optical properties of NiAlg ».q alloy can be ascribed to the presence of magnetic
inhomogeneity in the sample. The existence of magnetic inhomogeneity in the alloy is further confirmed by the
ac magnetic-susceptibility measurements in which the susceptibility curve exhibits two magnetic transitions,
one at 87.5 K and the other at 252 K. The spin ordefiparamagnetic-to-ferromagnetic transiticand Ni
enrichment play a key role for the physical properties.
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I. INTRODUCTION Therefore, an additional experimental study of the optical
properties of two (stoichiometric and off-stoichiometpic

The intermetallic compound HAI has received consider- y'-phase NjAl alloys, mainly in the near-infrareNIR) re-
able attention over the last several decades because of igon of the spectrum, is desirable.
peculiar physical properties. Among its various physical We indeed observed strong interband absorption features
properties the optical property is controversial. The measurenh the NIR region. Additionally, in the course of investigation
results of the dielectric function of the Mil alloy have been the temperature dependence of the OC spectra was mea-
reported only twicé:? van der Heideet al® measured the sured. These measurements revealed that the multiple-peak
dielectric function by spectroscopic ellipsometry in the 0.5—structure had strong temperature dependence, and, especially,
5.3-eV region. The optical-conductivitfOC) spectrum that a double-peak structure centered at 0.8 eV persisted up
showed a weak shoulder at 0.86 eV and a broad but prado room temperatur€RT).
nounced peak at 4.32 eV. Rhetal? also measured the It is well known that the optical as well as the magneto-
dielectric function by spectroscopic ellipsometry in the 1.5—optical (MO) properties of metals and alloys are closely re-
5.3-eV region. The shape of the measured OC spectrum ilated to their electronic band structure. According to Pells
the high-energy side was similar to that of Ref. 1, while theand Shiga, for instance, fine structures of the main absorp-
magnitude was almost 50% larger. Riegeal? attributed the  tion peak in the OC spectrum of pure Ni originates from the
discrepancy to the different preparation method of theoverlapping of two peaks contributed by the electronic exci-
sample surface. tations from both minority- and majority-spin subbands sepa-

In Ref. 1 it was claimed that the experimental results wereated by the exchange splitting. This study of the temperature
in good agreement with the theoretical calculations using thelependence of the OC spectrum for Ni allowed the authors
band structure of Ref. 3. However, it should be noted that iro make a conclusion regarding the temperature behavior of
their calculations the dipole-transition-matrix elements werghe energy-band structure of pure Ni.
not included. In addition, as it was shown later, the inclusion Based on this discussion we can argue that our observa-
of the dipole-transition-matrix elements leads to drastictions, particularly those of the temperature dependence, are
changes in the shape of the calculated OC spectra, especiatiyite possibly related to the peculiar magnetic properties of
in the low-energy region. According to the results of thethe alloys. Therefore, we investigated two more physical
latter calculations an intense interband absorption peak nearoperties: the MO and magnetic properties.
1 eV should be observed in the OC spectrum for thgANi The MO tools in some sense combine the advantages of
alloy>* The controversy between the prediction of theoryboth optical and magnetic approaches. Therefore, it can be
and the existing experimental results needs to be resolveéxpected that the study of the MO and optical properties of
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the y'-phase NjAl alloys will also be useful for understand- It can be assumed that the disagreement among various
ing the peculiarities of their magnetic properties. As far asSXPerimental data as well as between the experimental and

we know, the MO properties of the Ml alloys have not yet theortlatwl:lal results can bf asc;ibed tq thle deviat(;(/)n of the
been investigated. actual alloy composition from the nominal one and/or some

It is generally believed that the’-phase NiAl alloy has disorderedness of the experimentally investigated aftbys.

" . . . _Therefore, it seems desirable to carry out a theoretical study
an itinerant-type weak ferromagnetism. Several investiga- : " o
. . . . of the influence of the atomic disorder and/or deviation from
tions of the magnetic properties were conducted to clarify th

origin of the magnetis; 2 however, it is still a matter of y'-phase Nj Al alloys.

controversy. The Curie temperaturée, of the alloy, at In this paper we report the results of theoretical and ex-
which the average mggn;altuatlon Vvanishes, strongly dependrimental studies of the optical, MO, and magnetic proper-
on the Ni concentratiof:*! In addition, even for the same tjes of the stoichiometric and slightly off-stoichiometric
stoichiometry, different groups reported different values Ofy’-phase NjAl alloys. The intense peak near 1 eV predicted
Tc. For a sample with 75 at. % of Ni concentratidn,var-  py theory is experimentally confirmed. The peak is not only
ies from 40.6 K(Ref. 10 to 43.5 K" and Semwal and very strong but there are actually also multiple peaks in the
Kaul*? even claimed that they obtained a much higher Curiglerromagnetic state. The multiple-peak structure is very sen-
temperatureTc=56.46 K. On the other hand, the reported sitive to temperature and persists up to RT. The MO response
magnetic moment for the Ni atom is about 0.@Z5and itis  also persists up to RT. We interpret these observations to be
well confirmed®”1%~12There is one exception: in Ref. 9 itis a result of the presence of magnetic inhomogeneities and/or

%he stoichiometric composition on the magnetic properties of

0.077ug/atom, equivalent to 0.103;/Ni atom. clusters in the investigated alloys.
The explanation for the origin of magnetic behavior of the
alloy is even more variant. Three different scenarios were Il. EXPERIMENTAL PROCEDURES

proposed{i) the Stoner-Edwards-Wohifarth modél(ii) the
self-consistent renormalization of the spin-fluctuation For the experimental part of the study two bulk samples,
model!* and (i) a modified self-consistent Nig75Alg245 and Np774Alg200, Were prepared. The alloy
renormalizatiof? of the spin-fluctuation model utilizing the composition was checked with an x-ray fluorescence tech-
Ginzburg-Landau formalisi?. There was evidence for well- nique. We hereafter refer to these two alloys s¥®ICH
defined spin-wave excitations, obtained by small-angle neutNig 75:Alg 249 and OFF-STOICH (Nig77:Alg229 alloys. The
tron scatterin and inelastic neutron-scatterfigexperi-  structural homogeneity of samples was studied using x-ray
ments. Dharet al!® found an upturn by the influence of diffraction (XRD). The magnetic properties of the alloys in
magnetic fields in the low-temperature region of thethe 4.2—-300-K temperature range were investigated by mea-
C/T-vs-T? plot and attributed it to an enhancement of thesuring the ac magnetic susceptibility.
effective electronic mass due to the spin fluctuations. They The descriptions of sample preparation and surface treat-
also found a crossover at a Ni concentration of 75.1 at. %nent for the optical measurements are given elsewiiere.
from a spin fluctuator to a ferromagnet as the Ni concentraThe optical properties of theToicH alloy were also mea-
tion increases. The possibility of the presence of superparsured at RT, while those of theFr-sToicHalloy were inves-
magnetic clustefS™2* or, at leastt a magnetic tigated at several temperatures, i.e., at 20, 90, 293, 380, and
inhomogeneity in the sample was suggested, while there480 K. The spectral dependence of the MO equatorial Kerr
were also opposing opiniod$? effect (EKE) of the oFr-sToICHalloy was measured in the
Because of the aforementioned dispute, several theoreticé#rromagnetic state at 27 K by the dynamical method using
investigations using the electronic-energy-band-structure cathe p-plane-polarized light at an angle of incidence of 77° in
culations were followed in order to elucidate the origin of a spectral range of 0.6—4.0 eV and in an ac magnetic field of
weakly itinerant ferromagnetism of the alld%?*Hacken- 3 kOe. The EKE valued,=Al/l,, is the relative change in
bracht and Kble* employed the linear-muffin-tin-orbital the intensity of the reflected light, caused by the magnetiza-
(LMTO) method using the atomic-sphere approximationtion of sample in an external magnetic field directed trans-
(ASA) and found that the magnetic moment wasversely to the plane of incidence. The temperature depen-
0.031ug/Ni atom which is only 40% of the experimental dence of the EKE value was measured at a fixed photon
value®"10-12| ater Buiting et al® argued that NjAl is still  energy ¢ »=4.0 eV) in a temperature range of 20~320 K at
in the fluctuation regime even though it is in a ferromagnetican angle of incidence of 70°.
state. The calculated magnetic moment almost vanished at
the experimental lattice constara=3.568 A), while it was
calculated to be 0.0#z/Ni atom, which is close to the
experimental value, at a lattice constant of 3.583 A. Min In order to determine the origin and, especially, the tem-
et al?® also investigated the electronic structures and magperature dependence of the low-energy multiple-peak fea-
netic properties of NjAl. The calculated magnetic moment tures, we performed electronic-structure calculations for the
was 0.1 /Ni atom and the authors argued that the spin-L1, structure of the stoichiometric alloy and two different
orbit interaction might reduce the calculated magnetic motypes of supercell calculations for slightly “disordered” and
ment to 0.08Z4g/Ni atom, since the spin-orbit interaction Ni-rich alloys to calculate the OC spectra with the dipole-
would reduce the exchange splitting by40%. transition-matrix elements. The OC spectra were obtained for

IIl. THEORETICAL CALCULATIONS
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both paramagnetic and ferromagnetic phases of the perfectly

ordered, stoichiometric WAl alloy and for a slightly Ni-rich

Ni,sAl; alloy which is equivalent to the Migio4Al g 21g75al-

loy composition. These calculational results can be used for

understanding the experimentally obserfestrong concen-

tration dependence of the magnetizatio,= (x—x)?,

whereM is the magnetization at=0 K andx/(=0.745) is

the critical concentration above which the sample becomes

ferromagnetic, and it is also the magnetic inhomogeneity. We

employed the scalar-relativistic version of the tight-binding

LMTO-ASA method”’ within - the  local-density % 20 B0 80 100 120

approximatioR® and the local-spin-density approximatfon 2 © [deg]

(LSDA) for the paramagnetic and the ferromagnetic phases,

respectively. The spin-orbit interactions were included in a FIG. 1. X-ray-diffraction spectrum for the off-stoichiometric

perturbative way. The experimental lattice constant of 3.56®Nig77/Alg 229 alloy taken at CaK o radiation.

A was used, and the atomic-sphere radii were 1.439 A and

1.380 A for Al and Ni, respectively. The band structures aanrevious measurementé The magnitude of OC for therr-

the densities of states of the stoichiometric alloy in the parastoicHalloy is similar to that in Ref. 1, but smaller than that

magnetic phase are in a close agreement with those obtain@§l Ref. 2, while for the stoichiometric composition the mag-

in previous calculation$®?42° nitude of OC in the ultraviole{UV) region is nearly the
For the first type of supercell calculations, we kept thesame as that in Ref. 2. The magnitude of OC is sensitive to

stoichiometry of the NjAl alloy and simply interchanged the the surface conditions and treatmefitsyhile the energy lo-

Ni and Al atoms in certain Ni-Al atom pairs to simulate some cations of structures in the spectrum are not. Some discrep-

“disorder.” To do this we expanded the unit cell to &2  ancy in the magnitude of these experimental OC spectra can

X2 supercell which contains eight simple-culid, unit  be related to the differences in sample preparation.

cells. There are two choices of the interchange between Ni The main difference between the present measurements

and Al atoms: interchange between the nearest neighborfor both alloys and the previous oftéss an intense absorp-

i.e., Al(0,0,0 and Ni(},%,0) (disorder ), and interchange tion peak around 0.8 eV for theroicH alloy. This peak was

between the third-nearest neighbors, i.e.(0/,0 and

200
80 L [200]

60 -

40 L [111]
[311]
[222]

[220]

20 | [100] [211]
[110] [210] [221]

Square root of inten. [arb. units]

Ni(%,%,%) (disorder I). The former does not allow to form 120¢
complete nine-atom Ni clusters, while the latter does. The
calculational results show a certain reduction in the magnetic 100+
moments of the slightly “disordered” samples compared to —
=, 80
the perfectly ordered one. s
The second type of supercell calculations used a defect- 2 gol
specified supercell techniqd®We used the same>22x 2 ©
supercell as employed for the above “disordered” samples. 40
We only substituted an Al atom at the origin by a Ni atom
and, therefore, the stoichiometry of the sample used in this 20
defect-specified supercell calculation is Mil; (or
Nig 78128\l 0.21879 -
601
IV. RESULTS AND DISCUSSION i
The structural homogeneity of the investigated samples ’g 401 )f
seemed to be a single phase. Only diffraction lines related to Y i
the y' phase can be observed on the XRD spectrum for the 20 S
Ni-rich NizAl alloy (see Fig. L The amount of second [ ——NiAl (paramegnetic state)
phase, if any, should be too small to be detected by XRD or —— NIl (ferramagnelic state)
have an indistinguishable crystal structure from the dominant 2 4 6 8
phase(see below. Photon energy (eV)
The measured OC spectrum at 293 K for #teicH alloy FIG. 2. (8 Experimental OC spectrum for theToicH

together with the results of theoretical calculations are showij, Al s bulk alloy (right scal@ together with theoretical ones

in Fig. 2. Figure 8a) presents the experimental OC spectra alcalculated for the NjAl alloy with (solid line) and without(dashed
several temperatures for th@rF-sToICH alloy. The overall  |ine) \ fitting after broadening(b) Calculated OC spectra for the
shape of spectra and the position of a broad high-energy peaéromagnetic and paramagnetic states of the stoichiometgiélNi

of the experimentally obtained OC spectra at 293 K for thealloy. Inset shows the details of the same spectra in the near-IR
investigated alloys are in an excellent agreement with theegion.
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ment. For theoFF-sToICHalloy A = —0.23 (not shown.

The band pairs and portion of the Brillouin zone that con-
tributed intensely to the low-energy and 4.3-eV peaks are
discussed in detail elsewher& Hence, in this paper we
concentrate on the effects of spin polarization and slight
off-stoichiometry, especially for the low-energy fine-peak
structure(at ~1 eV). As can be seen in Figs. 2 and 3, the
ferromagnetic— paramagnetic transition in the Ml alloy
affects the high-energy peak of the calculated OC spectra
rather insignificantly, while there is an appreciable change
for the low-energy peaks, making the details of the multiple-
peak structure less pronounced and the peaks as a whole
redshifted. In addition, the Ni enrichment affects the position
of the low-energy peak slightly, shifting it to the low-
energy side.

As discussed in Refs. 2 and 26, the bands involved in the
dominating contribution to the high-energy peak are located
far from the Fermi level Er). Since the exchange splitting
of the NiAl alloy is small, the majority and minority bands
are shifted almost rigidly relative to the paramagnetic bands,
and the amount of splitting due to the magnetic ordering is
small. Therefore, the energy difference between two majority
5 4 5 bands is nearly the same as that between two minority bands
Photon energy (eV) and thus the energy locations of structures in the OC spec-
) trum do not change substantially upon the magnetic transi-

FIG. 3. (8 Experimental OC spectra for therr-STOICH  tion resulting in very little temperature dependefeee Fig.
Nig.774Al g 209 bulk alloy measured below and above the Curie tem-3(a)]_ On the contrary, the initialk points near thévl point,
perature.(b) Calculated OC spectra of the MAl; (corresponding g0y hang 9 states involved in the low-energy optical tran-

10 Nig.76Al0.219 alloy for the ferromagnetiéEM) and paramagnetic - ;¢ are ocated very close -, therefore, this peak may
(PM) states. Insets in both panels show the low-energy parts Of)e sensitive to the magnetic tran’sition and/’or the temperature
these spectra in detail.

change, and we observed a rather strong temperature depen-

not observed earlier because of the spectral fiit was ~ dence(see Fig. 3. _
observed as a very weak shouldevhile it was theoretically In the inset of Fig. &) an expanded view of the low-
predictec®* In addition, the low-energy features of togr- ~ €nergy peak is presented and we can clearly see the devel-
sToicHalloy have a multiple-peak structure. The low-energyopment of a fine-peak structure of Jyhl; upon the ferro-
peaks in the OC spectrum for toeF-sToicHalloy also have ~Magnetic transition. A strong enhancement of the calculated
a double-peak structure with nearly the same intensities dPC upon the transition is observed near 1.1 eV for the off-
both subpeaks and is slightly redshifted in comparison wittstoichiometric NjsAl; alloy. Furthermore, the calculated
the sTOICH one. peak position {-1.1 eV) is closer to the experimental one
The calculated OC spectrum for the paramagnetic phase~0.8 eV) with respect to the case of the stoichiometric
of the exactly stoichiometric alloy is very similar to those in NizAl alloy (1.3-1.5 eV.
Refs. 2 and 4. The theoretical OC spectrum for the exactly [f the double-peak structure of the 0.8-eV feature is really
stoichiometric alloy exhibits a significant resemblance indue to the band splitting upon the ferromagnetic transition,
spectral shape with the experimental one for shhieicH al-  the energy difference between the two subpeaks should de-
loy. The calculated OC spectrum also manifests a very inpend on temperature. Indeed, the temperature evolution of
tense interband absorption peak in the NIR region of spectrthe 0.8-eV feature can be more clearly seen in Fig. 4. We fit
with a pronounced shoulder on its high-energy side and somi&e OC spectra to the Lorentzian-oscillator mdtiel using
feature on the low-energy slope, and also an intense absorp-

6 (10"s™)

tion pegk in the UV regiorﬁseg Fig. 2a)]. Howeyer, all the wex(w) N i max f.T,
theoretical peakpdashed line in Fig. @] are shifted to the o(w)= i =— 5 5 D
high-energy side in comparison with the experimental ones. ™ m* i=0 (0~ i)+ T’

We applied the so-called fitting,2 which partially takes into

account the self-energy effects on the OC spectrum, to bringheren is the concentration of the conduction electrams;

the experimental and theoretical spectral peaks into coinciis the effective mass of conduction electrons; and f;,
dence. Fig. &) shows an example withh=—0.3 deter- and 1I'; are the frequency, the oscillator strength, and the
mined, however, the magnitude of the calculated OC is abouifetime, respectively, of theth oscillator. We puti,,,,=6.

2.5 times larger than the experiment. Since this fitting is noWheni=0, Eq. (1) represents the contribution of intraband
completely quantitative, we only showed that the fitted spectransitions andoy=0. As displayed in the inset of Fig. 4, the
trum exhibits a remarkable similarity in shape to the experi-energy difference between the two subpeaks of the 0.8-eV
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Temperature (K) FIG. 6. EKE spectra for the bulk B;:Alq 200 alloy (measured

FIG. 4. Temperature evolution of the 0.8-eV double-peak strucA T=27 K and¢=z7°) and for_a thin_ Ni film(measured aff
ture of the OC spectra. The inset also shows the temperature eva:293 K and ¢=75°: the magnitude is reduced by f.2nset
lution of the energy difference between two subpeaks. shows the temperature dependence of the EKE for the bulk
Nig774Alg o0g alloy atZw=4 eV ande=70°. Solid lines are only

feature is zero above 293 K. It starts to grow rapidly justfc_’r a guide to the eyes. Note that QII _three measurements have
below 293 K and saturates eventually as the temperature aflfferent temperatures and angles of incidence.
proaches 0 K.

As shown in Fig. 5, the calculated spin-resolved OC specstoicH alloy measured af =27 K and an incidence angle
tra for the stoichiometric NAI alloy have similar shapes to () of 77°, together with that of a Ni thin film measured at
each other and have a peak-al.4 eV. Those of the off- T-293 K ande=75°. The shape of the EKE spectrum of
stoichiometric NjcAl; alloy, however, show a strong en- ihe orr.sToICHAllOY Shows a resemblance to that of the Ni
har_lcement Qf. OC near 1.1 eV, Wh'(_:h _results mostly from thep;, film, although the intensity is substantially reduced and
optical transitions between two majority bands, and thus th‘?he spectrum for the alloy is shifted by about 0.5 eV to the

the appearance of the antistructur&Niatoms(the Ni atoms perature variation of the EKE measuredfab=4 eV. The
at the Al site$ in the oFrF-sToICHalloy. In addition, the spin EKE signal persists up t&3(_)0 K, .Th's result is consistent
polarization is also important. Thus, according to the resultdVith the OC measurements in which a double-peak structure
of calculations one can conclude that the multiple-peakcentered at 0.8 eV does not disappear, at least, up to 293 K.
structure of the low-energy peak should disappear in thél’here is a dip observed around 100 K, shown in the inset of
paramagnetic state of the alloy, and the observed behavior &fg. 6.
the oFr-sToicHalloy confirms this. From the OC spectra of ~ Since the peculiar properties discussed above should be
the oFr-sToIcHalloy presented in Fig. 3 we can clearly see closely related to the magnetic properties of the investigated
that the double-peak structure really disappears in the par&lloys, we have also measured the ac magnetic susceptibility.
magnetic state. The complete disappearance of the doubléhe Curie temperaturd,c, of the sToiCcH alloy was deter-
peak structure, however, occurs at a temperature near RT. mined from an extremum afy/dT curves;T-=50.2 K(not

A similar behavior was observed in the EKE measure-shown. Unlike the sToicH alloy, x(T) of the OFF-STOICH
ments. Figure 6 presents the EKE spectrum of d®e-  alloy exhibits not only a low-temperature transition T,
=87.5 K but a high-temperature oneTat,~ 250 K (see Fig.
7). The obtained low-temperature values for both samples
are in an excellent agreement with other measurentérits.

There are two possible explanations for the existence of
T, for the oFrF-sTOICHalloy. It is well known that the NiAl
alloy is a typical weakly itinerant ferromagnet in which spin
fluctuations play an important rot8.Such ferromagnets are
characterized by the existence of the ferromagnetically or-

40

/e _— —— ..
- ~—
- -2

c(10"s™

FIG. 5. Spin-resolved OC spectra ofRi and NizAl; alloys in

—-==--Ni Al -down

1.0 1.2 1.4 1

Photon energy (eV)

6

dered regions far abovE.. Thus, the high-temperature kink
can be caused by the transition of thier-sToicHalloy into a
true paramagnetic state. We also measw€d) for a single-
crystal NgAl alloy (not shown, however, no high-
temperature transition was observed. In addition to that, ac-
cording to Ref. 18, there is a crossover from spin fluctuator

the ferromagnetic phase. An energy-dependent Lorentzian broadet® ferromagnet at 75.1 at. % of Ni as the Ni concentration

ing is incl

uded.

increases. Therefore, we can safely conclude that the spin
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duced moment of the antistructure Nii atoms should be

N [ ]
- 007 I different since they employed the nominal concentration to
E po08l frequency = 133 Hz obtain the magnetic moment of the Wi atoms. Second,
2 - ACfield = 10e they concluded that the deduced magnetic moment of the
E 005 - Ni) atoms is not significantly different from that of the Ni
2 ool atoms at the Ni sitegNi™™"]. If this is true, then it is not
E I possible to explain the strong concentration dependence of
a oo3f the magnetic moment of NAl,_, alloys; Mo (x—x.)*2
2 0.02 [ For the stoichiometric samplex€0.75) the magnetic mo-
a2 [ ment of Ni atoms is known to be-0.077ug/Ni.®710-22|f
2 001k there is no distinction between the magnetic moments of the
! Ni™) atoms and of the Ni" atoms, there is no reason to
o e e 300 believe that the magnetic moment of the™Miatoms in a

slightly Ni-rich sample, for examples=0.7641, is different
from 0.077ug/Ni. The average magnetic moment of the
FIG. 7. Temperature dependence of the ac magnetic susceptibisample withx=0.7641 is~0.114ug/Ni,*® and, if we as-
ity for the bulk off-stoichiometric Nj775Al g 229 alloy. sume that the magnetic moment of the i atom is
~0.077ug/Ni, that of the N*" atom should be 2.Q85/Ni.

fluctuation is unlikely the explanation for the existence of theThe results of our first-principles calculations show that both
high-temperature transition, as well as the low-temperaturghe Ni* and the Ni' atoms of a slightly Ni-rich alloy have
one. significantly enhanced magnetic moments relative to that of
According to another but more probable scenario, thdéhe Ni atoms of the corresponding stoichiometric alloy. The
high-temperature peculiarity iny(T) could be associated Ni”) atoms exhibit an increase of about a factor of 3. Fur-
with the presence of another ferromagnetic phase iotlre ~ thermore, Takahastet al,™ in their investigation of the ef-
stoicH alloy. The phase diagram of the Ni-Al binary-alloy fects of Pd doping in Ni;o x AlysPd, (x=0.0, 0.4, 0.8,
system reveals that at between 76 and 92 at. % of Ni at Rt.8, 2.2, and 3.0 observed very little variation of the mag-
the alloy consists of a mixture of’ and y phases. They ~ netic moment and ¢ with the Ni concentration. They argued
phase is a solid solution of Ni and Al whodg. decreases that the doped Pd atoms have a strong tendency to occupy
almost linearly from 631 K for pure Ni to 363 K for the the Ni sites and the expelled Ni atoms occupy the Al sites,
Al-rich border of they phasé® Therefore, the second ferro- and thus the number of K’ atoms does not change even
magnetic phase should haveTa, significantly higher than though the Ni concentration changes, while that of th@'Ni
T as shown in Fig. 7. Furthermore, the concentration of théitoms does. The magnetic properties of the samples were
y phase in theorr-sToicHalloy should be inversely propor- mainly determined by the number of Rli atoms. Therefore,
tional to the distance from the border of thephase. In our  the magnetic moment of the 7 atoms should be substan-
case the content of the phase can be estimated for the tlaIIy smaller than that of the l(ﬁ') atoms and, at least, for
OFF-sTOICH alloy to be 6%. Although this concentration the Ni-rich samples there should exist a certain degree of
could be large enough to be recognized by the XRD meamagnetic inhomogeneity.
surements, it was not observed, probably becauseythe The dip observed in the temperature dependence of the
phase has the same fcc-based crystal structure ag’the EKE (around 100 K reflects disappearance of the macro-
phase with a slightly different lattice constant, resulting inScopic alignment of the magnetic moments of Ni atoms at
only a slight asymmetry of the XRD peaks for theé phase. T, in the y' phase(see Fig. 6. As discussed in the optical
This second phase can be modeled as the appearance of amasurements, the EKE signal does not vanish completely
tistructure Ni atoms at the Al sites, which plays a role inaboveT¢q, rather it survives up to RT. Betwedriy; and T,
magnetic inhomogeneity and/or the appearance of clustersthe magnetization of a great part of the sample disappears
There are, at least, two references that explicitly reject thésee Fig. J, because the majority phase is thé phase,
possibility of the presence of magnetic inhomogeneity in thevhile the remnant second phase has a much higher Curie
NizAl sample: Refs. 22 and 23. In Ref. 22 the sample wagemperature, which still gives the EKE signal.
almost stoichiometric and a single crystal, therefore, the situ- The presence of the second ferromagnetic phase can also
ation would be quite different from our case in which a explain the temperature dependence of a double-peak struc-
slightly Ni-rich (~77 at. %) polycrystalline sample was ture centered at 0.8 eV for tleFF-sToicHalloy in Fig. 3a).
used. In Ref. 23 the authors concluded that there was ndhe double-peak structure is due to the spin ordering of the
indication of magnetic inhomogeneity in their slightly Ni- sample and hence the exchange splitting of the bands near
rich (75.9 at. % single-crystalline sample by analyzing the Er. BetweenT.; and T, the second phase gives this ex-
polarized-neutron-diffraction data. Two comments can be adehange splitting, resulting in persistence of the double-peak
dressed regarding conclusion. First, in their analysis thegtructure. It disappears, however, as temperature is raised to
used a nominal concentration which would certainly be dif-near or slightly abovd .
ferent from the real concentration because of the preferential The calculated magnetic moment of the ferromagnetic
evaporation of Al during arc meltintf. Therefore, the de- phase of NJAI was ~0.598ug /f.u., where f.u. denotes the

Temperature [K]
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formula unit, which is~2.5 times larger than the experimen- wide temperature range. The OC spectra of both alloys ex-
tal value[0.24ug/f.u. (Refs. 6,7, and 10—-132 Unlike the hibit intense multiple peaks in the NIR region of the spectra,
argument by Miret al,?® the introduction of spin-orbit inter- whose existence was predicted earlier by theory but not con-
actions essentially does not alter the results. We also tried tiirmed by experiments. The multiple-peak structure in the
include the generalized-gradient approximation, however, th&lIR region as well as the MO response forghliAl g o9
calculated magnetic moment is even largéabout persist up to RT. These temperature dependencies of the op-
0.7ug/f.u.). The aforementioned disorder-ll case gives artical and MO properties of the alloy can be attributed to the
average magnetic moment of 0.588/f.u., while for the presence of a magnetic inhomogeneity and/or clusters in the
disorder-1 case it is further reduced (0.28(f.u.). The re- sample betweefc;=87.5 K andT-,~250 K. The results
duction of the magnetic moment due to the “disorder” is not of ac susceptibility measurements support this argument.
large enough to resolve the discrepancy between experiment The influence of spin ordering(paramagnetic-to-
and calculation. We do not know at present whether the disferromagnetic transitionand Ni enrichment on the optical
crepancy can be attributed to the presence of additional degroperties of NjAl alloys have been investigated theoreti-
grees of disorder in the sample and/or the deficiency of theally and experimentally. It was shown that the multiple-
LSDA. One more point deserves a comment. The Ni atompeak structure of the low-energy peaks for both investigated
at different sites have different magnetic moments; tH&'Ni alloys originates from the appearance of the antistructure Ni
atom has 0.65-0.%d; and the N atoms carry a smaller atoms at the Al sites. It was also theoretically shown that a
value, depending on the distance to thé”Niatom. The slight atomic disorder leads to a decrease of the magnetic
larger the distance to the R atom, the smaller the mag- moment for the stoichiometric NAI alloy and that a devia-
netic moment. The calculated magnetic moment for thdion from the equiatomic composition to the Ni-rich side
NiysAl; alloy is 1.0124g/f.u. causes an enhancement of the total magnetic moment. For
These two types of supercell calculations can lead us tthe case of the NiAl; alloy, the magnetic moment is domi-
the following conclusions(i) The calculated magnetic mo- nated by the antistructure Ni atoms at the Al sites.
ment of the stoichiometric NAI alloy is significantly larger It is certainly very important to know more about the
than that of the experiments, and a slight disordering or théelative structures of the two samples experimentally using,
interchange between the Ni and Al atoms may reduce th&r instance, x-ray-absorption fine-structure spectroscopy,
average magnetic moment, but not significantiy. The an-  and especially about the spatial distribution of defects in the
tistructure N atoms carry a large moment and they areoff-stoichiometry sample. This work will be done in the near
magnetically different from the neighboring Ni atoms. future.
There is, therefore, a possibility of the presence of magnetic
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