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Abstract The physical properties of DyNi2 Mn doped with 57 Fe have been investigated by X-ray diffraction, magnetisation (10–300 K) and 57 Fe Mössbauer spectroscopy measurements (5–300 K). DyNi2 Mn(57 Fe) crystallizes in the MgCu2 -type
cubic structure (Fd− 3m space group). The ordering temperature is found to be
TC = 99(2) K, much higher than those of DyNi2 (∼22 K) and DyMn2 (∼35 K).
Analyses of isothermal M–H curves and the related Arrott plots confirm that the
magnetic phase transition at TC is second order. The magnetic entropy change
around TC is 4.0 J/kg K for a magnetic field change of 0 T to 5 T. The spectra
above TC exhibit features consistent with quadrupolar effects while below TC the
spectra exhibit magnetic hyperfine splitting. The Debye temperature for DyNi2 Mn
has been determined as θD = 200(20) K from a fit to the variable temperature isomer
shift IS(T).
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1 Introduction
RNi2 Mn compounds have been found to exhibit the MgCu2 -type structure even
though the ratio of rare earth atoms to transition metal atoms is 1:3 [1–4].
Rietveld refinements of x-ray and neutron diffraction patterns of RNi2 Mn compounds, demonstrated that Mn atoms occupy two inequivalent crystal sites: the 8a
and 16d [1, 2, 4, 5]. As part of our systematic investigation of the magnetic properties
of this novel RNi2 Mn system, here we present a detailed investigation of the critical
magnetic behavior of DyNi2 Mn(57 Fe) around the magnetic transition temperature
by DC magnetisation (10–300 K) and 57 Fe Mössbauer spectroscopy measurements.

2 Experimental
An ingot of DyNi2 Mn doped with ∼0.5 wt% 57 Fe, was prepared by standard argon
arc-melting the mixtures of starting elements (purities >= 99.9%). X-ray diffraction
(Cu-Kα radiation; λ = 1.5418 Å) confirmed that DyNi2 Mn(57 Fe) exhibits the MgCu2
structure (space group Fd-3m). The lattice constant, a = 7.154(3) Å, is slightly larger
than that of DyNi2 Mn (a = 7.140 Å) reported in [1, 2, 4]; this variation may be linked
with the actual Mn content as discussed in [4]. DC magnetization measurements were
carried out over the temperature range 10–340 K in a SQUID magnetometer (μ0 H =
0–5 T). The 57 Fe Mössbauer spectra were obtained between 5 K and 300 K using a
standard constant-acceleration spectrometer and a 57 CoRh source. The spectrometer
was calibrated at room temperature with an α-iron foil.

3 Results and discussion
The Curie temperature TC ∼ 99 ± 2 K derived from the magnetization data is slightly
higher than the published value of TC = 94 K for pure DyNi2 Mn but significantly
higher than the values for DyNi2 (TC ∼ 22 K) and DyMn2 (TC ∼ 35 K) [1, 2].
Figure 1a and b show the M versus H and related Arrott plots of M2 versus H/M
around Curie temperature. The positive slopes of the Arrott plots (Fig. 1b) indicate
that the phase transition around TC is second order [4, 6].
The critical properties of a second-order magnetic phase transition can be described by critical exponents β, δ and γ derived from magnetization measurements
around the transition temperature (e.g. [7]). According to the conventional static
scaling law, the exponents can be expressed by the following equations. Below TC ,
the temperature dependence of the spontaneous magnetization MS (T) is governed
by the equation:
MS (T) = M0 |(T − TC ) /TC |−β .

(1)

The initial susceptibility above TC is given by
χ0−1 (T) = (h0 /M0 ) (T − TC /TC )γ ,

(2)

while at TC , M and H are related by
M = DH 1/δ ,

(3)
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Fig. 1 a Magnetization as a function of applied DC field (H = 0–50 kOe) around TC . b Arrott-plots
of M2 as a function of H/M for the magnetization data of Fig. 1a. The positive slopes indicate that
the transition at TC is second-order

Fig. 2 a Critical isotherm at T = 100 K on a double-logarithmic scale. The line represents the fit of M
vs H resulting in δ = 2.90 ± 0.02 based on the power relation M∼H1/δ . b Spontaneous magnetization
Ms (T, 0) vs T. The line represent the fit of Ms (T, 0) vs T based on equation (1) leading to TC = 99.4 K
and β = 0.57 ± 0.04

where M0 , h0 /M0 , and D are the critical amplitudes. As shown in Fig. 2a, the highfield magnetization data at TC = 99(2) K, is described well by a straight line of
slope 1/δ, leading to the fitted value δ = 2.90 ± 0.02. Following standard procedure,
the limiting MS (T, 0) values at H = 0 have been determined from the intercept to
the y-axis of Fig. 1b by extrapolating the Arrott plots. Figure 2b shows a graph of
MS (T, 0) as a function of T. A fit of the MS (T, 0) versus T curve to (1) results in
the value β = 0.57 ± 0.04 (full line in Fig. 2b). Applying the Widon scaling relation
δ = 1 + γ/β, to the δ and β values determined above, leads to γ = 1.08 ± 0.06.
The mean field interaction model for long range ordering has theoretical critical
exponents of β = 0.5, γ = 1.0 and δ = 3.0 with theoretical values based on the three
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Fig. 3 Temperature
dependence of the isothermal
magnetic entropy change
−S M (T, H) as measured in
magnetic fields up to 5 T and
derived from magnetic data in
Fig. 1a

dimensional Heisenberg model for short range interactions of β = 0.365, γ = 1.386
and δ = 4.80 [8]. The δ, β, γ values derived for DyNi2 Mn(57 Fe) indicate that long
range interactions dominate the critical behavior around TC , similar to the behavior
detected for TbNi2 Mn [4].
The isothermal entropy change −S M associated with a change in magnetic field
H from H = 0 to value H, has been derived from the Maxwell relation (e.g. [4, 6])
 H ∂M 
dH. Figure 3 shows the dependence of the magnetic
S M (T, H) = μ0 0
∂T H
entropy −S M on temperature and external field. The curves exhibit a broad peak
around TC (typical for a second order phase transition [4, 6]) with maximum values
around 80 K of −S M ∼ 2.5 J/kg K and 4.0 J/kg K for μ0 H = 0–3 T and 0–5 T,
respectively. The extended plateau of the −S M versus T curve may lead to a large
relative cooling power where the RCP is used as an indicator of the cooling efficiency
of a magnetocaloric material. For DyNi2 Mn(57 Fe), the RCP for the field changes of
0–1 T, 0–2 T, 0–3 T, 0–4 T and 0–5 T are 72.6 J/kg, 146.4 J/kg, 169.3 J/kg, 280.2 J/kg
and 333.3 J/kg, respectively.
The Mössbauer spectra were analysed as described previously [4, 6] (typical
spectra and fits with sub-spectral components are shown in Fig. 4a). The 150 K and
300 K spectra exhibit quadrupolar effects consistent with a paramagnetic state as
expected above TC ∼ 100 K with the 5 K spectrum exhibiting features characteristic
of magnetically split sub-spectra consistent with the onset of magnetic hyperfine
interactions below TC . Given that the Mn atoms enter both the 8a and 16d sites
in RNi2 Mn compounds [1, 2, 4, 6], it is expected that the dopant 57 Fe atoms would
also enter the 8a and 16d sites. The paramagnetic spectra are described well using
two sub-spectra consistent with 57 Fe atoms located at the 8a and 16d sites. While
the spectra for magnetically split spectra would also be expected to be fitted using
two sub-sextets to represent 57 Fe atoms in the 8a and 16d sites, it was found that
at least three sub-sextets are needed to provide optimal fits for the spectra below
the magnetic ordering temperature TC [4, 6] (similar behavior has been found for
RMn2 compounds (R = Tb, Dy, Ho) where two sub-spectra rather than a single
sub-spectrum are required [9–11]). The observed average hyperfine field values of
Fig. 4b result from contributions to the exchange interactions present in the Dy and
transition metal (Ni, Mn) sublattices and correspondingly reflect the magnetic order
in the Dy and (Ni, Mn) sublattices.
As shown in Fig. 4b, the Debye temperature of DyNi2 Mn(57 Fe) has been
determined from the temperature dependence of the isomer shift IS(T)
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Fig. 4 a 57 Fe Mössbauer spectra of DyNi2 Mn(57 Fe) at T = 5 K, 150 K and 300 K. The fits to the
spectra are described in the text (see also [4, 6]). b Variation of average magnetic field Bhf and
isomer shift IS(T) with temperature

(IS(T) = IS0 (T) + ISSODS (T) [12, 13]). IS0 (T) represents the temperature dependence of the charge density at the probe nucleus which is generally weakly temperature dependent while ISSODS (T), the so-called second-order Doppler shift, can be
described
of the Debye model for the phonon spectrum by I S SODS (T) =
 in terms
 3  τ
3kT 3θ D
T
x3
−
+3
dx (m is the mass of the 57 Fe nucleus, k
x
2mc 8T
θD
0 e −1
Boltzmann’s constant, c the velocity of light, and τ = θD /T the reduced temperature).
The Debye temperature has been derived to be θD = 200 ± 20 K on fitting the mean
isomer shift data to the above equation.
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