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Abstract. The Mössbauer effect in Fe65Ni35−xPtx (x = 0, 5.6 and 10.8) has been measured
at temperatures between 4.2 K and 300 K to study local electronic and magnetic properties of
the system. The variation of the hyperfine-field distribution with temperature has confirmed the
transitions of Fe atoms from a high-magnetic-moment (HM) state to a low-magnetic-moment (LM)
state with elevating temperature and a simple model based on a two-state transition interpreted well
the changes of the hyperfine-field distribution with Pt content and temperature. The substitution of
Pt for Ni makes the HM → LM transition of Fe atoms more difficult and decreases the chemical
disorder in the sample. By using the composition dependence of the lattice volume, the volume
effect and the pure substitution effect of the Pt atom on the average hyperfine field were further
separated. Moreover, the Debye temperatures of the samples were evaluated from the decrease of
the isomer shift with increasing temperature.

1. Introduction

Since the early finding [1] by Guillaume the Invar effect has been observed in many different
kinds of material and more and more physical anomalies have to be considered as Invar-typical
(for reviews, see references [2–4]). In spite of extensive experimental and theoretical efforts,
the origin of the Invar effect has never been fully understood. It has been however accepted that
strong moment–volume coupling and a complex thermal-excitation process as well as negative
lattice anharmonicity distinguish an Invar system from a normal metal or alloy. On the basis of
experimental findings [5–7] and theoretical predictions [8–11], the moment–volume instability
(MVI) has been considered as a critical feature of materials that exhibit the Invar effect.

The fcc FeNi alloy with Fe concentration around 65 at.% and the FePt alloy containing
around 75 at.% iron are two classical Invar systems. While there are many similarities,
remarkable differences in properties between the two systems have been reported [3, 12, 13].
For example, on approach to the γ –α phase boundary, the magnetic moment m(x) of Fe–Ni
Invar obviously deviates from the Slater–Pauling curve, and this is accompanied by a decrease
in TC , but no such a deviation occurs in Fe–Pt Invar; in some Invar-related physical prop-
erties [3, 12], FeNi Invar exhibits magnetic softening when compared to the magnetically
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‘hard’ FePt alloys; furthermore, a stronger magnetovolume effect [13] in FePt Invar than in
FeNi alloys is observed.

In order to obtain a better understanding of the Invar effect, it is both necessary and very
interesting to investigate the reason for the differences between the two Invar systems. With
Pt substituting for Ni, FeNiPt [14, 15] systems form a ‘bridge’ connecting Fe–Ni with Fe–Pt
systems, and one can continuously study the changes of Invar-related properties from FeNi to
FePt Invar. This may lead to the mechanism that led to the difference in properties between the
two systems becoming well understood. On the other hand, the lattice volume of FeNi alloy
is expanded by the substitution of Pt for Ni, and thus we should expect to observe the MVI;
the magnetovolume effect in the FeNiPt system can therefore be investigated.

In the present work, 57Fe Mössbauer spectroscopy has been applied to study the local
electronic and magnetic properties of Pt-substituted Fe65Ni35. As an effective microprobe
for detecting the local properties of Mössbauer nuclei in material, Mössbauer spectroscopy
has been extensively applied to Invar materials [16–19]. In a series of works [20–22] Abd-
Elmeguid et al have systematically investigated the moment–volume coupling in Invar alloys.
From measurements of the high-pressure Mössbauer effect, they have obtained experimental
evidence for HM → LM transitions in Fe–Ni and Fe–Pt Invar. To the authors’ knowledge,
however, no results have been reported to date for ternary FeNiPt Invar systems in the literature.

By measuring the Mössbauer effect in Fe65Ni35−xPtx (x = 0, 5.6 and 10.8) and its
temperature dependence, in the present study, we have investigated the variations of the
hyperfine parameters with composition (Pt content) and temperature in the framework of the
MVI and discussed the substitution effect of Pt atoms in detail.

It should be mentioned that in the present work the Mössbauer measurements were
performed on powder samples that were filed from single-crystal Fe65Ni35−xPtx , which have
been used to study the elastic anomalies [23] in the system. In view of the fact that the magnetic
anisotropy of FeNi(Pt) Invar [24] is rather small, the use of single-crystal powder in Mössbauer
measurements should be irrelevant as regards discussing the results obtained.

2. Experimental details

Single crystals of Fe65Ni35−xPtx (x = 0, 5.6, 10.8) were grown by a modified Bridgman–
Stockbarger technique. The details of the growth and characterization of the single crystals
have been given elsewhere [23]. The compositions of the crystals, Fe63.4Ni36.6, Fe63.9Ni30.5Pt5.6
and Fe64.0Ni25.2Pt10.8, were determined by microprobe SEM with energy-dispersive analysis of
the characteristic x-ray. Within the accuracy of 1 at.%, no deviations from homogeneity were
observed. X-ray diffraction investigations with Cu Kα radiation were carried out on powders
filed from single crystals. From the diffraction patterns shown in figure 1, we see that all three
samples have the characteristic disordered fcc lattice and no other phase is indicated, although
there is a little broadening of the peaks due to the stresses induced by the filing process. The
lattice constants were estimated to be 3.593 Å, 3.626 Å and 3.656 Å for x = 0, 5.6 and 10.8
respectively.

For some of the fine powders filed from the crystals of Fe65Ni35−xPtx , 57Fe transmission
Mössbauer spectra were collected using a constant-acceleration conventional spectrometer
with a liquid-helium cryostat at selected temperatures between 4.2 K and 300 K. The γ -ray
source was 57Co in a Rh matrix. The maximal drive velocity is calibrated by measuring the
spectrum of a 25 µm thin foil of α-Fe.

Since the Fe65Ni35−xPtx Invar samples investigated are chemically disordered, the spectra
of the samples all manifest distribution of the hyperfine parameters and thus must be analysed
with a distribution-fitting procedure. In this study, two different distribution-fitting methods,
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Figure 1. X-ray diffraction patterns of Fe65Ni35−xPtx powders (x = 0, 5.6 and 10.8) filed from
single crystals.

which are based on the Voigt-function method [25,26] and the Hesse–Rübartsch technique [27],
are applied to obtain reliable hyperfine-field distributions (HFDs) P(Beff ). For all of the
spectra measured, the HFDs P(Beff ) obtained by the two fitting procedures proved to be
nearly the same. In the following, only the results obtained by the Voigt-function method are
presented.

3. Results and discussion

3.1. The Mössbauer effect and its temperature dependence

The Mössbauer spectra of Fe65Ni35−xPtx with x = 0 and x = 10.8 obtained at various temp-
eratures are respectively shown in figure 2 and figure 3. All the spectra exhibit ferromagnetic
sextet splitting. Compared to those for x = 10.8, the spectra for x = 0 show obvious sagging
from the baseline. The observation that the relative intensities of the third and fourth peaks in
the spectra are extraordinarily large and increase with temperature leads us to suggest that the
spectra contain certain subspectra with rather lower hyperfine fields, and that the proportions
of those components increase with temperature.

The weighted-average hyperfine parameters of the spectra at 4.2 and 300 K are listed in
table 1, where the average effective hyperfine field Beff is defined by

Beff =
(∫

Beff P (Beff ) dBeff

)/(∫
P(Beff ) dBeff

)
(1)

where P(Beff ) is the probability of the distribution. The substitution of Pt for Ni increases
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Figure 2. The Mössbauer effect in Fe65Ni35−xPtx with x = 0 at various temperatures and the
corresponding hyperfine-field distributions. The fine and dashed lines are the fitted Gaussians.
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Figure 3. The Mössbauer effect in Fe65Ni35−xPtx with x = 10.8 at various temperatures and the
corresponding hyperfine-field distributions.
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Table 1. Average hyperfine parameters of Fe65Ni35−xPtx with x = 0 and x = 10.8 at 4.2 K and
300 K. Beff : average hyperfine field in teslas; δ: average isomer shift in mm s−1; Qs : average
quadruple splitting in mm s−1.

4.2 K 300 K

Beff δ Qs Beff δ Qs

x = 0 32.6 ± 0.1 0.05 ± 0.04 0.04 ± 0.04 20.9 ± 0.1 −0.09 ± 0.04 0.03 ± 0.04
x = 10.8 35.8 ± 0.1 0.09 ± 0.04 0.01 ± 0.04 26.0 ± 0.1 −0.04 ± 0.04 0.00 ± 0.04

Beff and the average isomer shift δ, compared to the results listed for x = 0, but decreases the
average quadruple splitting Qs . All three parameters decrease with increasing temperature.

The variations of Beff and δ with temperature are shown in figures 4(a) and 4(b),
respectively. The decrease of Beff with the increase of the measuring temperature indicates
different characters for x = 0 and x = 10.8. While below 220 K Beff for x = 0 manifests
a larger reduction than that for x = 10.8, which indicates magnetic softening in Fe–Ni Invar,
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Figure 4. Temperature dependences of (a) the average effective hyperfine field and (b) the average
isomer shift of Fe65Ni35−xPtx with x = 0 and x = 10.8.
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Beff for x = 10.8 decreases at a higher rate on increasing the temperature further. Previous
investigations on the spontaneous magnetization Ms of Invar alloys [3] have suggested that
the temperature behaviour ofMs is affected by not only the conventional spin-wave excitation
but also a ‘hidden’ second excitation. In view of the close relationship of Beff with the
Fe magnetic moment, it could be argued that the reduction of Beff with temperature is also
caused by both spin-wave and ‘hidden’ second excitations. On the basis of the MVI in the
Invar system and the considerable low-field components observed in the Mössbauer spectra
with increasing temperature, the HM → LM transition of Fe atoms with elevating temperature
may be reasonably considered as a ‘hidden’ excitation. The different temperature behaviours of
theBeff observed for x = 0 and x = 10.8 could therefore be attributed to different HM → LM
transitions in the two samples.

The average isomer shifts δ of Fe65Ni35−xPtx with x = 0 and x = 10.8 show large reduct-
ions with increasing temperature, too. It is well known that the isomer shift is the sum of the
chemical isomer shift δ0 and the contribution from the second-order Doppler shift δSOD , i.e.

δ = δ0 + δSOD. (2)

In general, the first term of the above expression is temperature independent, but the Doppler
shift is directly related to the lattice dynamics of the sample. If 〈v2〉 is the mean square velocity
of the Mössbauer atom in the lattice, δSOD can be expressed as

δSOD = −〈v2〉
2c

. (3)

Within the Debye model of the lattice dynamics, the Debye temperature�D of the sample can
be evaluated by fitting the experimental δ to the following equation:

δ(T1)− δ(T2) = 9k

2Mc

[
T2

(
T2

�D

)3 ∫ �D/T2

0

x3

ex − 1
dx − T1

(
T1

�D

)3 ∫ �D/T1

0

x3

ex − 1
dx

]

(4)

where k is the Boltzmann constant,M is the mass of the Mössbauer nucleus and T2 is the lowest
temperature. Using the minimum-standard-deviation method, the average isomer shifts δ of
Fe65Ni35−xPtx were fitted to the above equation. The fitted results which are plotted as lines
in figure 4(b) give values of �D = 385 K for x = 0 and 300 K for x = 10.8. The value of
�D obtained for x = 0 is larger than the value 348 K [28] derived from the low-temperature
specific heat but agrees well with the result 400 K [29] obtained by extrapolating the temp-
erature dependence of the elastic constants.

3.2. Hyperfine-field distribution

As mentioned above, the Mössbauer spectra of Fe65Ni35−xPtx are not well resolved due to
the chemical disorder in the samples. Hyperfine parameters (especially the hyperfine fields)
of 57Fe atoms with different local environments do not show discrete components but form a
broad distribution.

The resulting HFDs for Fe65Ni35−xPtx at 300 K are shown in figure 5. It is noticed that
the broad peak at high fields around 30 T dominates the HFDs of the samples, but for all three
samples there are, to some extent, low-field components in their HFDs extending to about 0 T.
In particular, a non-zero probability at Beff = 0 T for x = 0 is observed. With increasing x,
the distribution width of the probability peaks in the HFDs tends to become smaller and the
low-field peaks in the HFD for x = 0 change into two well-resolved narrower peaks. In the
meantime, the hyperfine-field components in the intermediate-field range from 10 T to 25 T
decrease with increasing x.
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Figure 5. Hyperfine-field distributions in Fe65Ni35−xPtx at 300 K. The fine and dashed lines are
the fitted Gaussians.

A simple Weiss-like two-state model based on the MVI may be adopted to interpret the
HFDs in Fe65Ni35−xPtx at 300 K. For simplicity, the two magnetic states of the atoms are
assumed to be the HM state with the usual local magnetic moment and the LM state with
zero magnetic moment and higher energy than the HM state. With increasing temperature,
the higher-energy LM states are gradually occupied with a certain population fraction. By
neglecting the details of the interactions between the 57Fe Mössbauer nucleus and its ni
neighbours and considering a unique hyperfine coupling constant D = Dij , the effective
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hyperfine field of the Fe atom with the ith local environment can be written as [30, 31]

Beff (i) = AFeµFe(i) + niDµ (5)

where the small contribution Asµs of the local conduction electron spin polarization has been
omitted. Here the first term is the contribution of the on-site local magnetic moment but the
latter arises from neighbouring magnetic atoms and is described as a transferred hyperfine field.
Depending on the details of the interactions between the atoms,D may be positive or negative.
But for transition metal or alloy the transferred field usually gives a contribution, which partially
counteracts the contribution of the local magnetic moment. For the Fe65Ni35−xPtx investigated,
at 300 K, some atoms are in the LM state and others remain in the HM state. By taking into
account the contribution from nearest neighbours (NN), Beff for a HM Fe atom with a total of
twelve NN, among which n atoms are in the LM state, is given by

BHMeff = AFeµFe +D(12 − n)µ (6)

and Beff for a LM Fe atom with n LM nearest neighbours is given by

BLMeff = D(12 − n)µ. (7)

With the addition of next-nearest-neighbouring contributions, Beff for such an Fe atom will
build a Gaussian-type distribution around BHMeff (BLMeff ) with a certain width w. Then, Beff for
the sample is described by the distribution [16]

P(Beff ) = (1 − α)
∑
n

P (n) exp

(
− [Beff − BHMeff (n)]

2

w2

)

+ α
∑
n

P (n) exp

(
− [Beff − BLMeff (n)]

2

w2

)
(8)

where P(n) is the probability of finding an Fe atom with n LM nearest neighbours and α the
population fraction of the LM states at the measurement temperature. Because of the diversity
of local environments of Fe atoms in samples, different BHMeff and BLMeff may cause P(Beff ) to
spread over the range from high field to low field; this is just like the observation for the HFDs
shown in figure 5.

Independent Gaussians with different positions and widths have been used to fit the HFDs
of Fe65Ni35−xPtx at 300 K. The results are shown in figure 5 by fine or dashed lines and the
positions and widths obtained are listed in table 2. As indicated by the table, the HFDs of
Fe65Ni35−xPtx with x = 0, 5.6 and 10.8 could be well reproduced by using six, six and four
Gaussians, respectively. It is indicated that at 300 K the atom distribution in Fe65Ni35−xPtx and
the transition from HM to LM states build many Fe local environments, among which only six,
six and four Fe environments are dominantly populated for the cases of x = 0, 5.6 and 10.8.
From expressions (6) and (7), a qualitative prediction as regards these local environments of
Fe atoms may be made as follows: the high-field components (�25 T) come from the HM
Fe atoms with more LM neighbours, the intermediate-field components (10 T � B0 � 25 T)
are mostly contributed by the HM Fe atoms with more HM neighbours and the low-field
components (�10 T) result from by those LM atoms that have different HM neighbours. With
increasing x, the centres of the Gaussians shift towards the high-field side. According to (6)
and (7), the shifting of the Gaussian centre should be attributed to a larger average and local Fe
magnetic moment. It is indirectly indicated that the substitution of Pt for Ni raises the magnetic
moments of the atoms. On the other hand, a smaller relative area of the low-field Gaussians
(B0 � 10 T) was observed with increasing Pt content and should be related to there being
fewer LM atoms in the samples with larger x. It is suggested that the substitution of Pt for Ni
makes the transition of the Fe atoms from HM to LM states more difficult. With increasing
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Table 2. Positions B0, widths w and relative areas S of the independent Gaussians fitted to the
HFDs of Fe65Ni35−xPtx at 300 K.

No of
Sample Gaussians S (in %) B0 (in T) w (in T)

x = 0 1 1.6 ± 0.5 4.9 ± 0.1 5.2 ± 0.1
2 19.9 ± 0.5 7.0 ± 0.1 7.5 ± 0.1
3 11.0 ± 0.5 16.4 ± 0.1 6.6 ± 0.1
4 21.3 ± 0.5 21.9 ± 0.1 5.7 ± 0.1
5 44.0 ± 0.5 27.9 ± 0.1 5.8 ± 0.1
6 2.2 ± 0.5 32.8 ± 0.1 4.6 ± 0.1

x = 5.6 1 10.0 ± 0.5 5.1 ± 0.1 3.6 ± 0.1
2 7.5 ± 0.5 9.7 ± 0.1 2.7 ± 0.1
3 4.7 ± 0.5 20.2 ± 0.1 5.3 ± 0.1
4 14.7 ± 0.5 23.3 ± 0.1 5.1 ± 0.1
5 62.1 ± 0.5 29.2 ± 0.1 5.8 ± 0.1
6 1.0 ± 0.5 34.1 ± 0.1 4.4 ± 0.1

x = 10.8 1 8.7 ± 0.5 5.6 ± 0.1 2.7 ± 0.1
2 5.3 ± 0.5 10.2 ± 0.1 2.7 ± 0.1
3 — — —
4 12.7 ± 0.5 23.3 ± 0.1 4.9 ± 0.1
5 73.3 ± 0.5 30.0 ± 0.1 5.7 ± 0.1
6 — — —

Pt content, additionally, it was observed that the third and sixth Gaussians tend to disappear.
Taking this in combination with the narrower HFD with increasing x and the Gaussian peaks
becoming more discrete, it could be argued that the substitution of Pt for Ni decreases the
chemical disorder in Fe65Ni35.

The HFDs obtained for the Mössbauer spectra of Fe65Ni35−xPtx with x = 0 at various
temperatures have already been plotted in figure 2. At low temperature, 4.2 K, the HFD for
x = 0 forms a well-defined but broadened Gaussian peak at high fields of about 35 T. The
broadening of the peak may be caused by the difference in the local environment of the Fe
atom, which is produced by the chemical disorder of the atom distribution. With increasing
temperature above 77 K, an obvious probability on the low-field side has been observed, which
indicates that some Fe atoms are already in LM states. In a sense, a temperature around 77 K
seems to be a critical temperature for the HM → LM transition of atoms in Fe65Ni35−xPtx with
x = 0. On increasing the temperature further, more low-field components arise, corresponding
to more LM atoms existing in the sample. Furthermore, the HFDs, shown in figure 2, have
also been fitted using independent Gaussians with various positions and widths and the results
are plotted in the same figure. The fitted results for 77 K, 150 K and 220 K are listed in table 3.
Combined with the results at 300 K listed in table 2, the change of relative areas S of the
individual Gaussians distinctly indicates a temperature variation of the population fraction of
Fe atoms with different local environments, which should be attributed to the relative change
of the fractions of Fe atoms in HM and LM states.

Figure 3 also shows the HFDs for selected Mössbauer spectra of Fe65Ni35−xPtx with
x = 10.8 at various temperatures. The low-temperature HFDs show well-defined discrete
three-peak structures, which indicates three dominant local environments of Fe atoms in the
sample. It is confirmed that the substitution of Pt for Ni decreases the chemical disorder in FeNi
Invar compared with those for x = 0 shown in figure 2. By neglecting the population of the
LM states at low temperature, qualitatively, the peak centred at smaller hyperfine field should
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Table 3. Fitted Gaussians for the HFDs of Fe65Ni35−xPtx with x = 0 at 77 K, 150 K and 220 K.
Here B0, w and S are the positions, the widths and the relative areas of the independent Gaussians.

No of
Temperature Gaussians S (in %) B0 (in T) w (in T)

77 K 1 0.6 ± 0.5 11.3 ± 0.1 10.9 ± 0.1
2 8.8 ± 0.5 15.8 ± 0.1 17.0 ± 0.1
3 8.1 ± 0.5 28.0 ± 0.1 6.3 ± 0.1
4 1.6 ± 0.5 30.4 ± 0.1 3.3 ± 0.1
5 42.7 ± 0.5 32.9 ± 0.1 3.5 ± 0.1
6 38.2 ± 0.5 35.1 ± 0.1 2.8 ± 0.1

150 K 1 6.8 ± 0.5 13.9 ± 0.1 10.3 ± 0.1
2 4.6 ± 0.5 16.8 ± 0.1 13.6 ± 0.1
3 12.6 ± 0.5 27.0 ± 0.1 5.7 ± 0.1
4 4.7 ± 0.5 29.0 ± 0.1 4.2 ± 0.1
5 56.0 ± 0.5 32.5 ± 0.1 3.3 ± 0.1
6 15.3 ± 0.5 35.0 ± 0.1 1.9 ± 0.1

220 K 1 4.6 ± 0.5 9.1 ± 0.1 7.4 ± 0.1
2 7.0 ± 0.5 12.5 ± 0.1 7.4 ± 0.1
3 6.6 ± 0.5 21.4 ± 0.1 2.8 ± 0.1
4 10.3 ± 0.5 26.0 ± 0.1 3.1 ± 0.1
5 60.6 ± 0.5 31.2 ± 0.1 4.5 ± 0.1
6 10.9 ± 0.5 33.2 ± 0.1 2.8 ± 0.1

be attributed to the Fe atoms with more Fe neighbours. Up to 220 K, no finite probability on
the low-field side of the HFD is found and a higher critical temperature for the HM → LM
transition of atoms in Fe65Ni35−xPtx with x = 10.8 may thus be supposed. This is consistent
with the results of the theoretical investigation [32] of the electronic structure of FeNi and FePt
Invar, from which it has been concluded that the energy difference between HM and LM states
in FePt Invar is larger than that in FeNi Invar.

3.3. The substitution effect of Pt

As observed from table 1, the substitution of Pt for Ni raises Beff for Fe atoms due to the
enlarged average magnetic moment µ in Fe65Ni35−xPtx . At 4.2 K, the increase of Beff
can be evaluated to be d lnBeff /dx ≈ 9 × 10−3, which is a little smaller than that of µ,
d lnµ/dx ≈ 11 × 10−3, derived from the measured average magnetic moment [33].

The increase of Beff in Fe65Ni35−xPtx with increasing Pt content can be divided into two
contributions: one comes from the volume expansion produced by volume-larger Pt atoms and
another is the pure substitution effect, which is in fact caused by the Pt-induced change in the
interactions between the atoms. Thus the variation of Beff with Pt content may be written as

d lnBeff
dx

=
(
∂ lnBeff
∂x

)
V,T

+

(
∂ lnBeff
∂V

)
x,T

(
∂V

∂x

)
T

(9)

where d lnBeff /dx is the change of Beff with x obtained from measured Mössbauer spectra.
The first term on the right-hand side denotes the pure substitution effect and the second term(

∂ lnBeff
∂V

)
x,T

(
∂V

∂x

)
T

= −B
V

(
∂ lnBeff
∂p

)
x,T

(
∂V

∂x

)
T

(10)

with bulk modulus B is just the effect of the volume expansion.
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By using the pressure dependence [20] ∂ lnBeff /∂p = −4.4 × 10−2 GPa−1 of Beff for
Fe65Ni35 at 4.2 K together with the observed bulk modulus B = 219.2 GPa† for x = 0 and the
lattice constants a of Fe65Ni35−xPtx , the contribution of the volume expansion to the increase
of Beff at 4.2 K can be evaluated from equation (10) and then the contribution of the pure
substitution effect can be derived from (9). The observed increase of Beff at 4.2 K and the two
derived contributions are listed in table 4. It is noticed that the effect of the volume expansion
caused by the Pt atoms raises the average effective hyperfine field but, in contrast, the pure
substitution effect of substituting Pt for Ni produces the opposite effect of reducing the average
hyperfine field. This is consistent with our conclusions based on theoretical investigations on
iron–nickel nitrides [34], in which the substitution of Ni for Fe changes the interactions between
Fe and its neighbours and decreases the average Fe magnetic moment, contrasting with the
positive (∂ lnµ/∂V )x . As a final consequence, the larger volume effect of Pt increases Beff
for Fe65Ni35−xPtx after compensating for the negative contribution of the pure substitution
effect.

Table 4. Variations of Beff and µ for Fe65Ni35−xPtx at 4.2 K with x and separate contributions.
Here the symbol A denotes Beff and µ. For the physical meaning of the individual contributions,
see the text.

A d lnA/dx (∂ lnA/∂x)V,T (∂ lnA/∂V )x,T (∂V /∂x)T

Beff (9 ± 0.1)× 10−3 (−3.9 ± 0.1)× 10−2 (4.8 ± 0.1)× 10−2

µ (11.0 ± 0.1)× 10−3 (−4.0 ± 0.1)× 10−2 (5.1 ± 0.1)× 10−2

To examine the difference between the changes of the hyperfine field and the magnetic
moment, in a similar way, the variation of µ [33] with x can also be decomposed into
contributions from the volume expansion and from the pure substitution effect by using the
experimental value [12] d lnMs/dp = −4.7 × 10−2 GPa−1 of the pressure dependence of the
spontaneous magnetization obtained for Fe65Ni35 at 4.2 K and under p ≈ 2 GPa. The results
are also listed in table 4. Note that here d lnMs/dp ≈ d lnµ/dp is assumed. The near equality
of the variations of Beff and µ with x and that of their decomposed contributions suggest that
the variation of Beff is dominated by the local spin structure.

4. Conclusions

From the measurements of the Mössbauer effect at selected temperatures up to 300 K, the
hyperfine interactions in Fe65Ni35−xPtx (x = 0, 5.6 and 10.8) and its composition and temp-
erature dependences have been investigated for the first time.

The variation of the average hyperfine magnetic field with temperature confirmed the
transitions of the Fe atoms from HM to LM states with elevating temperature. A Weiss-like two-
state model was applied to explain the change in hyperfine-field distribution with composition
and temperature. It was concluded that the substitution of Pt for Ni makes the HM → LM
transition more difficult by raising the energy difference between the two states. On the other
hand, the substitution of Pt for Ni decreases the chemical disorder of the atom distribution
in the sample. The contributions of the volume effect and the pure substitution effect of Pt
atoms to the room-temperature average effective hyperfine field have been separated out and
compared with the contributions of the two effects to the average magnetic moment. From the
variation of the isomer shift with temperature, the Debye temperature of Fe65Ni35−xPtx was
estimated to be 385 K for x = 0 and 300 K for x = 10.8.

† A value extrapolated from high temperature without the low-temperature anomaly; see [23].
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