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In this communication we present a detailed study of the magnetic properties of ordered Ni-Pt alloys. We
study the alloys through field-cooled and zero-field cooled dc magnetization, nonlinear ac susceptibility and
sound velocity and internal friction experiments. We also present a theoretical analysis of the magnetic mo-
ments in these alloy systems. Our analysis, both experimental and theoretical, will show that disorder has a
large impact on the magnetism in the samples in the composition range of 40–60% Ni. We shall argue that any
disorder still remaining in the annealed samples will crucially alter the magnetic moment in this composition
range and is the most probable reason for the discrepancies between earlier experimental investigations.

I. INTRODUCTION

The Ni-Pt alloy system has received much attention be-
cause of its magnetic1–3 and catalytic behaviors.4,5 The subtle
interplay between spatial and magnetic ordering in alloys
with a transition metal component is an interesting phenom-
enon. In particular, the weak, fragile magnetism of Ni which
is strongly affected by the nearest-neighbor configuration of
a Ni atom in the alloy3 is of particular interest. In this study
we have chosen the Ni-Pt alloys, since unlike Ni-Cu and
Ni-Rh, Ni-Pt shows no signature of ferromagnetic clustering
and therefore is simpler for theoretical studies and experi-
mental analysis. The vanishing of magnetic moment in the
alloy as we increase Pt concentration is similar to many al-
loys of transition metals with nonmagnetic metals, like
NiCu. But this system is different since the Pt sites also have
magnetic moments which are almost half that of the Ni sites
at 25% Pt composition. The concentration dependence of the
magnetic moment and Curie temperature is also different for
the ordered and disordered alloys, particularly at the lower
Ni concentrations.

In a previous publication, we had investigated the mag-
netic properties of disordered Ni-Pt.6 Here, we shall study
properties of the samples in their corresponding ordered
phases with similar measurements and theoretical modeling.
There have been earlier studies, both theoretical and experi-
mental, on Ni-Pt alloys. Let us briefly examine some of the
most relevant works:

In a comprehensive photoelectron spectroscopy experi-
ment using synchrotron radiation Nahm et al.7 have studied
Ni-Pt alloys and determined the partial spectral weights of
Ni-Pt. They determined the cross-section ratio of Ni 3d states
relative to Pt 5d states experimentally and made use of the
Cooper minimum phenomenon for the Pt 5d states. They

also took into consideration effects such as surface segrega-
tion and that due to the matrix elements. They found appre-
ciable Pt spectral densities near the Fermi level of Ni-rich
Ni-Pt alloys. These are believed to be the origin of the Pt
local magnetic moment. Comparing their experimental re-
sults with the existing electronic structure calculations for
Ni-Pt alloys, they argued that it was important to include
both the self-consistent field and relativistic corrections in
any theoretical study.

Magnetic moment distribution in Ni-Pt has been studied
quite exhaustively by neutron scattering experiments
by Parra and Cable.3 The authors have reported that Ni-Pt
alloys have a spatially homogeneous moment distribution.
This, as we mentioned earlier, is in sharp contrast to Ni-Cu
and Ni-Rh which exhibit ferromagnetic clustering. The au-
thors also reported values for the Warren-Cowley short range
order parameter and argued that the magnetism of Ni-Pt al-
loys is sensitive to local chemical order.8–11 They suggest
that the 50-50 alloy is ferromagnetic in the disordered con-
figuration but paramagnetic when in the ordered L10 state.
This was a justification of earlier statements that the fragile
moment of Ni crucially depends upon the number of Ni near-
est neighbors.

There has been a series of theoretical investigations of the
electronic and magnetic properties of Ni-Pt alloys. Magne-
tism in these alloys have been analyzed using the Stoner12

and Edwards-Wohlfarth13 models of itinerant ferromag-
netism by Alberts et al.14 and Baillie et al.15 However, they
encountered difficulties in applying the Stoner-Edwards-
Wohlfarth model to weak ferromagnets like Ni-Pt. In particu-
lar, the composition dependence of the zero-field, zero tem-
perature magnetization did not agree at all with
experiment.16 Later, local spin density functional �LSDA�
based calculations using the Korringa-Kohn-Rostocker co-
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herent potential approximation �KKR-CPA� was carried out
by Stocks and Winter.17,18 The non-self-consistent field, rela-
tivistic KKR-CPA study was carried out by Staunton et al.19

and a self-consistent field but nonrelativistic version by
Pinski et al.20 All these approaches studied the disordered
alloys through a single site mean-field CPA. We have earlier
looked at the electronic and magnetic properties of disor-
dered Ni-Pt using a LSDA based tight-binding linear muffin-
tin orbitals method �TB-LMTO� with scalar relativistic cor-
rections. Disorder was treated beyond the single site CPA
using the augmented space formalism introduced by us.21,22

Why another study of Ni-Pt? To our knowledge, the mag-
netism of ordered NixPt1−x alloys with x�0.3 has not been
reported experimentally so far. Moreover, there have been
conflicting experimental reports particularly in the composi-
tion range 0.4�x�0.6. One of the earlier studies has shown
the complete disappearance of magnetism in the structurally
ordered Ni56Pt44 alloy and for higher Pt concentrations. This
composition is considered to be the critical limit.24 However,
neutron scattering studies have shown the existence of a
paramagnetic to ferromagnetic transition even in Ni50Pt50 al-
loys. Our present measurements also show ferromagnetism
in the 50-50 composition. It is only in the ordered 45-55
composition that ferromagnetism disappears in the ordered
but not in the disordered phase. Indeed, it is at this critical
composition that we found a profound dependence of Tc on
the “chemical environment.”24

In this paper we describe preparation of ordered alloys at
four compositions. X-ray diffraction �XRD� analysis was
done for structural analysis and characterization. We have
carefully carried out field-cooled and zero-field cooled mag-
netization experiments as well as nonlinear susceptibility. To
further check if there really is a long-ranged magnetic order
in the Ni rich alloys, we have carried out sound velocity and
harmonic susceptibility experiments on the samples. The
magnetoelastic response of the ordered phase was quantita-
tively and qualitatively different from a disordered, spin-
glasslike phase. Our analysis showed that we have long-
range ferromagnetism in the system, but the domain wall
motion may be hindered. We have also carried out a theoret-
ical analysis of the magnetic moments for different compo-
sitions, with density functional calculations using the local
spin-density and generalized gradient approximations
�GGA�. We notice that at the lower Ni concentrations, the
magnetic moment is dependent upon the exact form of the
exchange-correlation functional used. This would explain the
disagreements in earlier theoretical predictions. In the ab-
sence of a clear cut criterion for choosing the exchange-
correlation functional, this remains a serious problem for the-

oretical analysis. To cross check that calculational technique
is not a factor in the results, we have used both the TB-
LMTO as well as the pseudopotential based VASP.

In Sec. II we shall briefly describe the details of sample
preparation. In Sec. III we shall report the following: �i� The
results on x-ray diffraction to study the structure. �ii� The dc
magnetization studies both field-cooled and zero-field cooled
and their analyses. �iii� The ac susceptibility measurements,
particularly the third harmonic to distinguish between the
paramagnet and the spin-glass. �iv� The sound velocity and
the internal friction studies. We believe such detailed studies
using different techniques have not been done on Ni-Pt al-
loys earlier. In Sec. IV we shall report on the study of the
ordered alloys at x=0.25, 0.5, and 0.75 in their ground state.
We shall also show the results for the corresponding disor-
dered alloys and the effect of disorder on the magnetic mo-
ments. The aim of this will be to argue that any disorder still
remaining in the annealed samples will have a crucial effect,
particularly in the composition range 0.4�x�0.6. This, we
shall argue, is the most probable reason for the discrepancies
between earlier experimental investigations.

II. SAMPLE PREPARATION

For our present study four NixPt1−x samples were prepared
by arc melting measured amounts of Ni and Pt metals in
flowing argon gas atmosphere. The details of the sample
preparation, including homogenization, quenching, shock
stress relaxation, and rolling were described in detail in our
earlier paper.6 That procedure, however, produced a set of
four disordered alloys and we had duly reported measure-
ments on them in that communication. In this paper we re-
port on the conversion of these samples from the disordered
to the ordered phase. The annealing temperatures for these
alloys have been reported earlier by Cadeville et al.24 We
took our four samples to these temperatures and annealed
them there for 72 h. They were then cooled very slowly to
room temperature to avoid the generation of any shock de-
fect. Details of the four alloys is given in Table I.

III. EXPERIMENTAL DETAILS AND ANALYSIS

A. X-ray diffraction

The structural characterization of the prepared samples
was done using a Philips analytical x-ray diffractometer type
PW1710 in the continuous scan mode in the range of 2�
values of 4° to 100° with a step size of 0.02° and time per
step of 0.5 s. The diffractograms for the ordered and disor-
dered samples are shown in Fig. 1. Peaks at 2�=41.65,

TABLE I. Composition analysis and sintering temperatures for the four alloys.

Target
composition

Actual
composition

Nearest whole
no. composition

Sintering
temp. �°C�

Ni60Pt40 Ni58.7Pt41.3 Ni59Pt41 400

Ni50Pt50 Ni49.6Pt50.4 Ni50Pt50 550

Ni45Pt55 Ni44.6Pt55.4 Ni45Pt55 550

Ni25Pt75 Ni23.9Pt76.1 Ni24Pt76 420



48.45, 70.97, and 85.75 were present in all quenched and
annealed samples and these are associated with the cubic
structure. Additional peaks show up in the annealed samples
because of the tetragonal distortion in the L10 and L12
phases. This is in contrast to their quenched, disordered
counterparts. This can be seen clearly in the 50-50 and 45-55
compositions. Some small new peaks in annealed 45-55
Ni-Pt as compared with the annealed 50-50 Ni-Pt are attrib-
uted to chemical inhomogeneities arising from off stoichiom-
etry. Base broadening is seen in the diffraction pattern for the
50-50 and 45-55 annealed samples. This may be due to tex-
turing or small crystallite size. None of the quenched, disor-
dered samples show this effect.

Table II summarizes the structural behavior. The two al-

loys near 50-50 composition �the 50-50 and the 45-55� show
tetragonal distortion on ordering from a disordered cubic
structure. The other two compositions retain their cubic
L12-like structures.

B. DC magnetization measurements

Experiments were performed in a quantum design MPM-

SXL system using zero-field cooled �ZFC� and field-cooled
�FC� measurement protocols in 10 Oe applied fields. In the
ZFC protocols, the sample was cooled to the lowest tempera-
ture in zero applied field and the magnetization was recorded
on heating to a highest temperature. In the Franck-Condon
�FC� protocols, the sample was cooled in the magnetic field

TABLE II. Structural comparison between the disordered and the ordered alloys.

Sample
Disordered

a=b=c �nm�
Ordered

a=b �nm�
Ordered
c �nm� Observation

Ni59Pt41 0.372 0.370 0.370 Cubic fcc L12 structure

Ni50Pt50 0.376 0.377 0.375 Cubic fcc L10

small tetragonal distortion

Ni45Pt55 0.377 0.383 0.366 Cubic fcc L10

larger tetragonal distortion

Ni24Pt76 0.384 0.384 0.384 Cubic fcc L12

FIG. 1. X-ray diffractograms for the ordered and disordered Ni-Pt samples.



from the highest temperature of the ZFC measurement down
to the lowest. The negative value of the ZFC magnetization
at the lowest temperatures and at temperatures above the
bumps was due to the fact that the superconducting quantum
interference device �SQUID� magnetometer had a weak �or-
der 1 Oe� negative remanent field in which the sample was
cooled in “zero” external field and this caused a remanent
magnetization in the sample that was only released fully at
temperatures above the ordering temperature.

The FC measurements for the 59-41 and 50-50 composi-
tion alloys both indicate characteristic paramagnetic to ferro-
magnetic transitions, while the other two compositions are
characteristic of paramagnetic behavior to the lowest tem-
peratures. For the 24-76 alloy, this is not unexpected since
the fragile moment of Ni requires enough ��6� Ni atoms in
its environment for it to be sustained. The interesting alloy is
that with composition 45-55. Experiment suggests that the
paramagnetic-ferromagnetic transition vanishes on ordering.
The Tc was very low �20 K� to start with in the disordered
alloy. The tetragonal distortion which increases the Ni-Ni
distance leads to a self-dilution in this system which killed
the tiny moment developed on Ni and pushed the Tc down to
0 K. This is corroborated by the fact that M�5 K� in the FC

of the first two samples are 0.8 and 0.55 emu/g, while that
for the 45-55 and 24-76 alloys are 0.004 and 0.0014 emu/g,
respectively.

The ZFC behavior in these samples is a little more com-
plicated. While for the 24–76 alloy ZFC follows the FC as
expected in a paramagnetic behavior, the other three compo-
sitions show different behavior. One of the interesting as-
pects of the present study is the observation of large thermo-
magnetic irreversibility �see Fig. 2�. The ZFC magnetization
shows a distinct drop at low temperatures. Such a thermo-
magnetic irreversibility is traditionally thought to be a prop-
erty of spin glasses and not expected in a system with long-
ranged magnetic ordering. Can there be spin-glass or re-
entrant spin-glass behavior in these alloys? What would be
the source of this behavior? The x-ray diffraction experi-
ments clearly do not indicate any remnant disordered do-
mains persisting in the annealed alloys. In an earlier work,
Roy et al.25 have reported a very similar behavior in
UCu2Si2. Whereas neutron scattering experiments on this
compound clearly indicated long-ranged magnetic ordering,
it also exhibited thermomagnetic irreversibility. They have
suggested that strong temperature dependent anisotropy can
play an important role there, although there was no a priori
reason to assume this anisotropy to be random and compet-

FIG. 2. Field-cooled and zero-field-cooled dc magnetization for the �a, b� Ni59Pt41 and �c, d� Ni45Pt55 and Ni24Pt76 alloys.



ing in nature. They further suggested that this anisotropy
field can arise from an additional term to the Ruderman-
Kittel-Kasuya-Yosida �RKKY� interaction which is of the
Dzyaloshinski-Moriya �DM� type and is due to spin-orbit
interaction. DM anisotropy was considered by many authors
to be essential for the existence of macroscopic
irreversibility.26–29 We shall conjecture, that as in the case of
UCu2Si2, DM anisotropy hinders the domain wall motion,
causing a fall off in the low-temperature zero-field magneti-
zation as well as giving rise to strong irreversibility. We pro-
pose that in the 59-41 and the 50-50 alloys we have low
temperature long-ranged ferromagnetic behavior. To rule out
any spin-glasslike behavior we have carried out nonlinear ac
susceptibility, sound velocity, and internal friction experi-
ments.

C. AC susceptibility measurements

AC susceptibility measurements were carried out in a
standard double coil arrangement. The details have been re-
ported in Ref. 6. The measuring frequency and magnetic
fields were kept constant at about 33.33 Hz and 100 Oe, re-
spectively, throughout the experiment. Measurements were
taken in the temperature range 80–300 K in a liquid nitrogen
cryostat. A lock-in amplifier was used to detect the voltage
signal of the sample. A calibrated Pt resistance temperature
sensor, mounted on the same substrate, was used to measure
the sample temperature. The third harmonic was studied both
in pure ac and ac-dc mixed fields. The ac-dc mixed voltage
signal was derived from a Wavetek function generator model
80 and applied to the measuring coil. Since the temperature
could not reach below 77 K, we report on results only for the
59-41 alloy. From Fig. 3 we note that the third harmonic
does not show the characteristic behavior of a spin-glass
transition. We observe noiselike behavior instead.

D. Vibrating reed technique for measurement of sound velocity
and internal friction

The details of the vibrating reed measurements have also
been reported in our earlier paper.6 The sample was taken in

the form of a reed and clamped at one end in a holder. The
free end was made to resonate by an electrostatic drive from
one driver electrode placed near one surface. Another elec-
trode at the opposite side picked up this signal and fed it to a
lock-in amplifier �LIA�. This LIA was run at 2f mode from
the reference provided by the signal generator for the driver.
An integrator completed the phase locked loop that was set
up to track the changes in resonance characteristics of the
sample as the temperature was varied. Due to the limitation
of the temperature range we report only the measurements on
the 59-41 alloy. Figure 4 �top row� shows the data for the
change in sound velocity and Fig. 5 shows the data for inter-
nal friction on the ordered alloy only.

Extraction of magnetic contribution to sound velocity and
internal friction is a very complicated problem. There are
very few theories available and, those that are available, are
valid for particular magnetic phases of the system such as the
spin-glass or the ferromagnetic phases. There is no theory,
universally agreed upon, which spans the transition region.
We have therefore to resort to phenomenology. The simplest
assumption we can make is that the magnetic contribution is
significant only in the vicinity of the magnetic phase transi-
tion, typically 0.8Tc�T�1.2Tc. The high temperature para-
magnetic part is assumed to be due to lattice and electronic
effects alone. With this assumption we may write, following
the arguments of Ledbetter �Refs. 30 and 31�:

�V = � + �T2 + �T4. �1�

Here, the second term is an electronic contribution and the
third term comes from the lattice elastic part. The first, tem-
perature independent term, is a residual coming from un-
known effects. Strictly speaking, this equation is valid for
T	
D. However, assuming that the 
D for these materials
is �500 K, �it is so for both Ni and Pt�, we go ahead with
this analysis. Table III shows the values of the constants in
the Eq. �1�.

FIG. 3. Nonlinear �third har-
monic� ac susceptibility for
Ni59Pt41.



Figure 4 also shows the estimated elastic background �V
of the sample fitted with Eq. �1� both at the high and low
temperature ends. Subtracting the fitted part from the experi-
mental data, we get as estimate of the magnetoelastic contri-
bution in the vicinity of the phase transition. The right panel

shows this magnetic contribution. For comparison, in the
same Fig. 4 the data for the disordered phase are also shown.

Although � and � are nonmagnetic in origin, we can still
make some interesting observations here. The values of � are
different in two cases, in the absence of any definite theoret-
ical interpretation, we can only surmize that it may be com-
ing from the clamping loss and similar other things that are
not of direct interest. On the other hand, � and � show op-
posite trends going from the disordered to the ordered alloy.
While the electronic part rose by about four times by making
the system ordered, the elastic contribution fell by the same
amount in the same process. This just shows that the
phonons are getting less scattered in the ordered phase and
the electronic contribution to the sound velocity is more im-
portant. We can see from the graphs that indeed the sound
velocity changes more rapidly in the ordered case compared

TABLE III. Magnetoelastic coupling parameters for the three
alloys 59–41 Ni-Pt ordered and disordered.

Alloy ��10−3 ��10−7 ��10−14

Ni59Pt41 Ordered 33.85 −3.997 4.159

Ni59Pt41 Disordered 8.50 −1.141 16.700

FIG. 4. �a, b� For the ordered alloy Ni59Pt41. �a, c� Sound velocity and the fit for the background elastic modulus. �b, d� Magnetic
contribution to the sound velocity. �c, d� The same for the disordered alloy.

FIG. 5. Internal friction for the ordered alloy Ni59Pt41 in units of
the scaling factor 8.125.



to the disordered one. Comparison of internal friction, Q−1 in
the two cases is also similarly interesting. In comparison to
the disordered case, the Q−1 actually increased somewhat
sharply as T approached Tc from above. However, at Tc it
decreased drastically by about 2.5 times. Immediate after
there was incomplete recovery and Q−1 decreased normally
at lower temperatures. This was quite different in the disor-
dered phase. There the elastic background was quite flat and
the intervening magnetic transition could only dip the Q−1 by
no more that 1.25 times in the vicinity of Tc. The elastic
background actually recovered towards the high temperature
value. This was also characteristic of the ordered phase in
which there was less temperature-independent scattering than
expected in the disordered systems. Finally the higher value
of Q−1 in the ordered phase, as compared to the the disor-
dered case, was surprising and currently remains unex-
plained. Note that we did not do any fitting in this case as
was done in the sound velocity sets, as we did not find these
to be amenable to those kinds of fittings.

IV. THEORETICAL ANALYSIS

We now present theoretical calculations for the ground
state local magnetic moments in both the ordered and
disordered alloys. For the ordered alloys we use the local
spin-density approximation �LSDA� based tight-binding lin-
ear muffin-tin orbitals technique �TB-LMTO�34 using differ-
ent exchange-correlation schemes: that due to von Barth and
Hedin �vBH�,35 that proposed by Vosko, Wilk, and Nusair
�VWN�,36 and the nonlocal exchange-correlation due to Lan-
greth, Mehl, and Hu �LMH�.37 For the disordered alloys we
shall use the TB-LMTO based augmented space recursion
�ASR� proposed by one of us.21 The fragile magnetism of Ni
depends upon its environment, and the ASR allows us to
study environmental effects in disordered alloys, taking it
beyond the usual single-site mean field coherent po-
tential approximation-�CPA� like approach prevalent in the
study of disordered alloys. For a review of the ASR method
the reader is referred to relevant chapters in Ref. 22. We have
used the fully DFT-self-consistent ASR technique developed
by Chakrabarti and Mookerjee.23 For the ordered Ni3Pt and
Ni-Pt3 alloys the L12 structure has been used, while for or-
dered Ni-Pt we have used the tetragonally distorted L10
structure. The disordered alloys are all in the cubic symme-
try. The total energy has been minimized with respect to the
lattice constants and the results shown are both for the en-
ergy minimized lattice constants �for the density of states�
and also for those using experimental lattice constants �for
the magnetic moments�. The accompanying Fig. 6 shows the
spin decomposed densities of states in units of states/
atom-Ry spin for the ordered and disordered alloys: Ni3Pt,
NiPt, and NiPt3. The magnetic moment per atom is obtained
from:

m = �
−�

EF

dE�n↑�E� − n↓�E�� .

Besides TB-LMTO, we have also performed plane wave
calculations based on the projector augmented wave �PAW�38

method as implemented in the Vienna ab initio simulation
package �VASP�39 in both local density approximation40 and
generalized gradient approximation �GGA�.41 An energy cut-
off parameter of 400 eV has been used for all calculations
along with the Monkhorst-Pack method for the generation of
special k points in the Brillouin zone.

A. Ordered alloys

Two sets of TB-LMTO calculations have been performed
with local as well as nonlocal exchange correlation poten-
tials, one with theoretically calculated lattice parameters via
energy minimization procedure and the other using experi-
mental lattice parameters. The equilibrium lattice parameters
are given in Table IV and magnetic moments are given in
Table V. For 25% concentration of Pt, the calculated local as
well as average magnetic moments in ordered Ni-Pt alloys
obtained using a vBH local exchange correlation potential
with equilibrium lattice parameters show very good agree-
ment with the experimental values.3 The values obtained by
Singh42 in the same case are higher in comparison to ours
and experimental estimate.3 Singh’s42 calculations seemingly
did not include the f states in Pt in the TB-LMTO basis. Our
test calculations without including f states of Pt also show
higher values of magnetic moments for this concentration of
Ni-Pt alloy.

We also note that although the total energy estimates are
not very sensitive to the choice of the exchange-correlation
function in our local density approximation, the magnetic
moments are. The nonlocal LMH, for example, overesti-
mates the magnetic moments as compared to the experiment.
This sensitivity has not been remarked on by most earlier
authors working in this area and in the absence of informa-
tion about this choice, it becomes difficult to properly com-
pare different results.

For 50% concentration of Pt in the L10 structure, the cal-
culated local as well as average magnetic moments using a
vBH exchange-correlation potential, with the use of an ex-
perimental lattice parameter, is closest to the experimental
estimate.3 Our calculations with the use of local exchange
correlations and theoretically estimated lattice parameters
lead to nonmagnetic ground state which is in agreement with
that found in a previous study.43 In our calculations we have
taken into account the tetragonal distortion in a L10 structure.
It is the distorted structure which yields the lowest energy for
the 50% alloy. The nonlocal exchange correlations show a
large enhancement of the local moments, which are in con-
tradiction with experimental results. The complementary cal-
culations with VASP yield a c /a ratio of 0.994, which is in
excellent agreement with the experimental value.

The calculations in Ref. 42 using vBH exchange correla-
tions and theoretically estimated lattice parameters show that
the local magnetic moment of Ni increases while going from
25% to 50% and decreases while going from 50 to 75%
concentration of Pt. The calculations in Ref. 42 did not take
into account the tetragonal distortion for 50% concentration
of Pt which means putting lattice parameters a=c which is
not the right ground state structure. For a test we also re-
peated our calculation without taking into account the tetrag-



TABLE IV. The equilibrium lattice parameters in nm of Ni-Pt alloys in ordered structures with various choices of exchange correlation
functionals. See the text for various abbreviations.

x vBH VWN LMH VASP-LDA VASP-GGA Experiment

0.00 �FCC� 0.3460 0.3465 0.3497 0.3423 0.3518 0.3516a

0.25�L12� 0.3581 0.3587 0.3618 0.3571 0.3661 0.3645b

0.50�L10� a=0.3788 a=0.3788 a=0.3798 a=0.3772 a=0.3814b

c=0.3507 c=0.3513 c=0.3565 c=0.3650 c=0.3533a

0.75�L12� 0.3809 0.3814 0.3830 0.3809 0.3888 0.3836b

aReference 32.
bReference 33.

FIG. 6. Densities of states in units of states/atom-Ry spin �left panel� for ordered Ni3Pt, NiPt, and NiPt3 and �right panel� for disordered
Ni3Pt, NiPt, and NiPt3.



onal distortion for 50% concentration of Pt using vBH local
exchange-correlation potentials and theoretically estimated
lattice constants and we also observed the same trend as
Singh obtained. We note from Table IV that the magnetic
moment is sensitive to both the kind of exchange correlation
we use and any distortion of the underlying fcc lattice. This
sensitivity is strongest for the 50-50 L10 alloy.

For 75% concentration of Pt, for NiPt3 alloy in the L12
structure all our theoretical calculations seem to indicate an
increase of both the local magnetic moment in Ni and the
averaged magnetic moment. This is independent of our
choice of the exchange-correlation function. The experimen-
tal results indicate that at these large Pt concentrations these
alloys are paramagnetic in the entire temperature range.
What have we left out in these considerations which leads to
the vanishing of magnetic moment at these compositions?
We suggest the possibility that, as these samples were pre-
pared by annealing previously quenched disordered alloys,

there remains a degree of disorder still present in them. We
need, therefore, to study the magnetic moment variation with
a composition in disordered Ni-Pt alloys.

B. Disordered alloys

We expect the magnetism in Ni-Pt alloys to be affected by
disorder, since the moment of Ni is fragile and is known to
depend upon its immediate neighborhood configuration in
the solid. In an earlier work we had carried out a study of
magnetism in disordered Ni-Pt alloys.6 We had compared the
calculations using the single-site coherent potential approxi-
mation �CPA�, using vBH exchanger-correlation and experi-
mental lattice parameters with those using the augmented
space recursion �ASR�21,22 with the same exchange-
correlation and lattice parameters. The ASR has been dis-
cussed in a series of earlier papers and the reader is referred
to the review in Ref. 22 for details. The main improvement

TABLE V. The local and average magnetic moments of Ni-Pt system in ordered structures with various choices of exchange correlation
functionals.

Concentration
of Pt XC Functionals

Magnetic Moment �B / atom� of

With equilibrium lattice parameter With experimental lattice parameter

Ni Pt Average Ni Pt Average

0.00�FCC� vBH�this work� 0.61 0.62

VWN�this work� 0.62 0.64

LMH�this work� 0.64 0.65

VASP-GGA 0.59

VASP-LDA 0.56

Expt. 0.62 0.62

0.25�L12� vBH�this work� 0.50 0.24 0.43 0.57 0.27 0.49

VWN�this work� 0.54 0.26 0.47 0.60 0.29 0.52

LMH�this work� 0.62 0.29 0.53 0.65 0.30 0.56

Singhb 0.58 0.27 0.50

VASP-GGA 0.66 0.32 0.58

VASP-LDA 0.54 0.26 0.47

Expt.a 0.49 0.25 0.43

0.50�L10� vBH�this work�* 0.00 0.00 0.00 0.33 0.17 0.25

VWN�this work�* 0.06 0.03 0.05 0.46 0.23 0.34

LMH�this work�* 0.55 0.27 0.41 0.65 0.31 0.48

Singhb 0.60 0.27 0.44

VASP-GGA 0.51 0.25 0.38

Expt.a 0.0 0.0 0.0

0.75�L12� vBH�this work� 0.47 0.09 0.18 0.55 0.10 0.21

VWN�this work� 0.50 0.09 0.20 0.57 0.11 0.22

LMH�this work� 0.55 0.11 0.22 0.61 0.12 0.24

Singhb 0.58 0.10 0.22

VASP-GGA 0.68 0.17 0.30

VASP-LDA 0.53 0.13 0.23

*Calculated for a tetragonally distorted L10 alloy. The results with VASP calculations have the equilibrium lattice parameter �in nm� in the
parentheses for both LDA and GGA functionals. Also, the equilibrium c /a parameter is quoted for L10 alloy.
aReference 3.
bReference 42.



realized in the ASR, as compared to the more traditional
CPA, is the inclusion of the effect of near environment in the
electronic structure of disordered alloys. Since the magne-
tism of Ni in alloys is sensitively dependent upon its near
environment, it was necessary to go beyond the single-site
mean-field theory such as the CPA for accuracy.

In Fig. 7 we show the local and average magnetic mo-
ments of disordered Ni-Pt alloys. The ASR results match
well with experimental values3 at all concentrations except
55 and 57% of Pt. However, the CPA local magnetic mo-
ments of Ni do not even follow the trend of corresponding
experimental estimates. Can we understand this result? It is
interesting to note that the same trend is shown by the local
moment on Fe in FePt alloys. As the concentration of Pt
increases, we have a large probability of having isolated Fe
atoms immersed in a sea of Pt atoms. Such a configuration
yields larger local moment on Fe. A simple single-site mean-
field theory like the CPA will always show this trend. How-
ever, the moments on Ni are fragile and crucially affected by
its immediate neighborhood. For example, if Ni is not sur-
rounded by at least six other Ni in a fcc lattice, then it loses
its magnetic moment altogether. The ASR is capable of going
beyond the single-site approximation and hence show the
effect of environment on the magnetic moment on Ni with
greater accuracy.

The ASR local magnetic moments for 55 and 57% con-
centration of Pt are on the higher side in comparison to the
experimental estimates which leads us to suspect the pres-
ence of short-range ordering. The ASR has been generalized
to include short-range ordering.44,45 We performed calcula-
tions incorporating short-range order, as described by the
nearest-neighbor Warren-Cowley parameter, for all concen-
trations of Pt in Ni-Pt and found that the maximum decrease
in the magnetic the local moment of Ni is appreciable in
alloys with 55 and 57% concentration of Pt. This happens
when the value of the Warren-Cowley parameter indicates
ordering rather than clustering of Ni. Calculations incorpo-
rating the effect of this type of short-range order improves
agreement with the experimental estimate.3

As far as our analysis in this work goes, the main result
we wish to focus on in this section is the fact that for disor-
dered Ni-Pt alloys, both experiment and the ASR results

show that as we increase the concentration of Pt, at around
60% of Pt, the zero temperature magnetization vanishes and
the alloy remains paramagnetic throughout the temperature
range. This points to a possible explanation for the discrep-
ancy between the theoretical calculations for the ordered al-
loy and experiment. Ordering was achieved by annealing the
originally quenched disordered samples. It is quite possible
that the annealed samples themselves could have had a de-
gree of disorder still present. This lowers the magnetic mo-
ment for these compositions.

C. Summary

We have carried out a detailed experimental analysis of
several annealed Ni-Pt alloy systems. The x-ray analysis data
indicated that the 59-41 and 24-76 Ni-Pt alloys were cubic
L12 structures, while the 50-50 and 45-55 compositions
showed a cubic L10 structure with tetragonal distortion. This
distortion was larger for the latter composition. Experiments
on temperature dependence of magnetization indicated that
the 59-41 and 50-50 alloys had low-temperaure ferromag-
netic phases. Spin-glasslike behavior was ruled out by non-
linear ac-susceptibility studies. Sensitive vibrating reed mea-
surements of sound velocity and internal friction also
confirmed the above findings. When compared with our ear-
lier work on quenched, disordered Ni-Pt alloys in the same
composition range, we came to the conclusion that disorder
has a crucial effect on magnetization in the 40–60% Ni com-
positions of Ni-Pt alloys. This led us to speculate that any
remaining disorder in the annealed alloys in the above com-
position range can drastically alter the low temperature mag-
netic phase and this could be the main reason behind the
discrepancies between earlier experimental works.

For the theoretical study, we have investigated the role
played by different possible exchange-correlation function-
als. This study showed that choice of the exchange-
correlation potential had considerable effect on the values of
the equilibrium lattice constants as well as magnetic mo-
ments.

The present study on disordered alloys showed that the
single site approximation �CPA� in the Ni-Pt alloy deviated
considerably from the ASR. The CPA estimates of the mag-

FIG. 7. Magnetic moments in disordered Ni-Pt alloy systems using two different configuration averaging methods namely augmented
space recursion �ASR� and coherent potential approximation �CPA� as compared to experimental values given by �Ref. 3�. ASR �SRO�
denotes the results taking short-range ordering effect into account.



netic moments were quite different from the experimental
values. It predicted an increase of the local magnetic moment
on Ni with increasing Pt concentration, whereas experimen-
tally the reverse behavior was observed. In the absence of
local environment effects, increase of Pt concentration in
Ni-Pt should lead to an increase in the local Ni moment,
since isolated clusters of Ni in Pt become more probable.
This leads to narrowing of the local density of states on Ni
and consequently according to the Stoner picture, an increase
in the local Ni moment. Finally in the dilute limit, this local
moment should approach the moment of an isolated Ni atom.
This behavior was certainly seen in Fe-Pt alloys. However,
the fragile moment on Ni seemed to need at least 50% Ni
atoms in its nearest-neighbor environment, otherwise it lost
its local moment. This was indeed what one saw in the ex-
periment and was a strong indicator of a large local environ-
mental effect in Ni-Pt. The CPA predicted an increase of the
local magnetic moment on Ni with increasing Pt concentra-
tion. This was expected, since the CPA does not take into
account the effect of local environment. The ASR, however,
predicted the correct trend with increasing Pt concentration.
The estimates of the actual value of the local magnetic mo-
ments were also much better.

Earlier total energy calculations as a function of short-
range order confirmed the ordering tendency in these
systems.46,47 The calculation of magnetic moments as a func-
tion of short-range order showed that its effect is significant
on the magnetism of disordered Ni-Pt.

Theoretical analysis of local magnetic moment for the or-
dered and disordered alloys showed distinctly different be-
havior on ordering, particularly for the larger Pt concentra-
tions. In the disordered alloys the magnetization fell steadily
with increasing Pt concentration, vanishing at just above

60% concentration of Pt. Throughout the concentration
range, the structure was fcc without any distortion but any
short-ranged ordering had a significant effect on the local
magnetic moment, particularly of Ni. In ordered alloys, on
the other hand, at 50% concentration of Pt there was a te-
tragonal distortion of the lattice, which leads to vanishing of
the local magnetic moment on Ni. Theoretical analysis did
show this up, at least with the use of von Barth-Hedin or
Vosko-Wilk-Nusair exchange functionals. However, at 75%
Pt our theoretical analysis gave reasonably large magnetic
moments on Ni, whereas experiments indicated paramag-
netic behavior. The magnetic moment was also sensitive,
particularly at the larger Pt concentrations, to the exact form
of the exchange-correlation functional. These were possibly
drawbacks of the local spin-density approximation on which
our TB-LMTO technique was based.
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