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ABSTRACT

This paper concerns synthesis, X-ray analysis (300K), electrical resistivity and >’Fe Mossbauer effect
studies (4.2K) of complete Tbg7Dyo.73(Mn;_xFey), intermetallic series, with a borderline compound
Tbo27Dyo.73Fe; known as Terfenol-D. A cubic Laves phase Fd3m of the MgCu,-type is observed across
the series. The lattice parameter decreases parabolically with x. Electrical resistivity was measured in
a wide temperature region across the Tbg7Dyo 73(Mn;_xFey), series and the parameters which charac-
terize resistivity dependence on temperature, including Debye temperature, were determined. Residual,
phonon and magnetic contributions were separated from electrical resistivity. The magnetic contribu-
tion to electrical resistivity was applied to estimate Curie temperatures. The Curie temperature increases
significantly with x. 5’Fe Mdssbauer effect measurements for the Tbg,7Dyo73(Mn;_xFey), intermetal-
lic system evidence an [100] easy axis of magnetization. Mn/Fe substitution introduces a local area,
at sub-nanoscale, with different Mn/Fe neighbourhoods of the tested 3’Fe atoms. Hyperfine interaction
parameters, an isomer shift, a magnetic hyperfine field and a quadrupole interaction parameter were
determined from the spectra both for the local neighbourhood area and, as averaged values, for the sam-
ple as bulk. The average magnetic hyperfine field increases parabolically with x. The correlation between

Crystal structure
Electrical resistivity
Curie temperatures
Mossbauer effect
Magnetic hyperfine field

Curie temperatures and magnetic hyperfine fields is discussed.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

The heavy rare earth (R)-transition metal (M) magnetic inter-
metallics of Laves phases, RM,-type, are widely studied for both
their fundamental interest and for their practical applications [1-5].

The ferrimagnetism of R-M compounds is a result of rare earth
4f(5d) electron magnetism and transition metal 3d electron mag-
netism [6,7].

For practical reasons, RFe;, type materials have previously been
studied because of their strong magnetostriction [8]. It has been
found that in intermetallics of the Tb;_yDyxFe, type with Tb/Dy
substitution in the R-sublattice, strong magnetostriction with min-
imum magnetocrystaline anisotropy has been approached for the
Tbg 27Dyg.73Fe; compound, often commercially called Terfenol-D
[8].
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Recently both Terfenol-D and other intermetallics of the
series TbyDy;_xFe, have been intensively tested as strongly mag-
netostrictive candidates for composites with piezoceramics or
polymers in order to obtain materials with a giant magnetoelectric
effect [9-11].

The presence of Mn and Fe atoms in the M-sublattice has
previously been experimentally studied in the Dy(Mnj_yFeyx),
and Dy(Mng 4_xAlxFeg g ), intermetallic series by electric resistivity
measurements and the >’Fe Méssbauer effect [12,13].

Substitution of one transition metal for another in the RM, sys-
tem can be treated as a driving force to change the number n of
3d electrons (calculated per transition metal atom) and thus, to
change band properties and the magnetic, electric and hyperfine
interaction properties which are related to them [7].

In fact, the electrical properties of R-M intermetallics are less
known and the source of these properties and their relations to
R-M magnetism would seem still to be open to research. Therefore,
it was interesting to study the influence of the 3d-band electron
population on the electrical properties and magnetism of the M-
sublattice and especially on the hyperfine interaction parameters


dx.doi.org/10.1016/j.jallcom.2010.05.178
http://www.sciencedirect.com/science/journal/09258388
http://www.elsevier.com/locate/jallcom
mailto:pszczola@agh.edu.pl
dx.doi.org/10.1016/j.jallcom.2010.05.178

394 W. Bodnar et al. / Journal of Alloys and Compounds 505 (2010) 393-399

in the Mn/Fe substituted series Tbg37Dyg.73(Mn;_xFeyx), of inter-
metallics which ends with the Tbg 7Dy 73Fe; compound, one of
the best of the new magnetostrictive materials. For this purpose
the series Tbg 27Dyg.73(Mn;_xFex), was prepared and X-ray analy-
sis, electrical resistivity and >’Fe Mossbauer effect measurements
were performed.

2. Materials and crystal structure

Polycrystalline intermetallics Tbg 27Dy 73(Mn;_xFex), (x=0, 0.2, 0.4, 0.6, 0.8 and
1) were synthesized by arc melting with contact-less ignition in an inert, high purity
argon atmosphere using appropriate amounts of the metals Tb, Dy (99.9% purity),
Mn and Fe (99.99% purity) [ 14]. For the sake of homogenization, the obtained ingots
were annealed in vacuum at 1123 K for 2 h and then cooled down along with the
furnace (cooling: approximately 250 K/h).

Next, the compounds were powdered and their phase homogeneity and crystal
structure were tested with standard X-ray diffraction measurements using MoK,
radiation. The X-ray diffractograms were analyzed numerically using a Rietveld-
type fitting procedure, adopting both the K,; (wavelength A; =0.70930A) and K,
(wavelength A, =0.71359 A) lines [15].

A cubic, Fd3m, MgCu,-type C15 clean crystal phase was observed for all com-
pounds. It will be helpful to recall that in the C15 crystal structure each transition
metal atom is surrounded by six other transition metal atoms as nearest neighbours
[1,16]. The C15-Laves phase structure has been described in detail elsewhere [1,16].

Since the atomic radius of Mn (v, =1.79A) is larger than the corresponding
radius of Fe (rge=1.72A) [17], the unit cell parameter a, described by the fitted
expression a(x)=(—0.049x3 +0.173x% — 0.401x+7.613)A (Fig. 1, curve 1), reduces
softly non-linearly with composition parameter x (bottom axis) or the average
number n of 3d electrons (top axis). The maximal error value equals Aa=0.002 A.
Fig. 1 also shows some fragmentary literature data on the unit cell parameter for
Tbo.27Dy0.73(Mn; _xFex ), compounds [18,19].

The upper horizontal axis in Fig. 1 shows the number n of 3d electrons calculated
per transition metal atom following the formula n(x)=5(1 —x) +6x, in line with the
stoichiometry of the Tbg;7Dyo.73(Mn;_xFey), series, where 5 and 6 are the numbers
of 3d electrons for Mn and Fe atoms, respectively.
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Fig. 1. Unit cell parameters a (curve 1), calculated Vegard parameters ay (dashed
line 2) and their difference da (curve 3) for the Tbg27Dyo.73(Mn;_yFey), intermetal-
lic system (300K) against composition parameter x (bottom axis) and the average
number n of 3d electrons (top axis). Open marks denote data from literature [18,19].

A concave deviation for a(x) from the Vegard rule i.e. from linear dependence
(Fig. 1, dashed line 2) occurs. The ay values of the unit cell parameter corresponding
to the Vegard rule can be calculated following the formula ay(x)=(— 0.277x+7.613) A
(Fig. 1, dashed line 2). It is interesting to present the difference §a=a — ay between
the experimentally obtained unit cell parameters a and the unit cell parameters ay
which correspond to them, as presented in Fig. 1, curve 3. Curve 3 is described by the
following numerical formula da(x)=(— 0.0480x3 +0.1721x2 — 0.1241x +0.0003) A. A
minimum value of the fitted curve 3 appears for x~0.45. This concave deviation,
which is negative in its values, between the experimental a and the Vegard rule
following ay is probably caused by a magnetovolume effect [19].

3. Electrical resistivity studies
3.1. Resistivities

For electrical resistivity measurements, bar (cuboid) shaped
specimens with typical dimensions of 1 mm x 1 mm x 15 mm were
delicately and precisely cut from the ingots using a precise diamond
wheel saw.

During sample preparation it has been found that the
Tbg 27Dyo.73Mn, compound is fragile whereas the Tbg ,7Dyq.73Fes
compound is not brittle. The fragility is reduced as a result of Mn/Fe
substitution across the Tbg>7Dyg 73(Mn;_xFex), series.

Electrical contacts to the bars were attached by point spark-
welding of high purity thin copper wires onto the ends of the
bars. Only microscopically observed crack free samples were used
for the measurements. A four point AC method was used at tem-
peratures below ambient temperature and a DC method with
commutated current above this temperature. The experimental
data of both methods were found to match each other at the same
temperature in the common temperature region. The good qual-
ity dependencies of electrical resistivity p vs. temperature T for the
Tbg27Dyo.73(Mn;_xFex), series are shown in Fig. 2.

The resistivity observed for magnetic materials can be expressed
by the Matthiesen formula [12,20,21]

P = Po+ pf + Pm (1)

where pg is the residual resistivity, oyis the phonon scattering resis-
tivity described by the Bloch-Griineisen formula [12,20,21] and pp,
is the magnetic contribution to total resistivity. The particular resis-
tivity contributions present in the Matthiesen formula have been
discussed previously [12,20,21]. A numerical approach to separate
Po, Py Pm and to determine the parameters characterising these
components has been described in detail elsewhere [12].

As discussed previously, in the case of R-M intermetallics
expression (1) for temperatures T« 0p and T« T¢ (6p is the Debye
temperature, T¢ is the Curie temperature) can be rewritten in the
following form [12,20]

T
Op

where A, B and D are parameters.

In a high temperature range (T > T¢) the total resistivity formula

can be approximated as [12,20,21]
T

p(T):D(—) +C (3)
fp

where C is a parameter.

An analogous method of calculations following formulae
(1)-(3), as described elsewhere [12], was applied to separate par-
ticular contributions to total electrical resistivity. The results of
resistivity measurements and of numerical calculations are pre-
sented in Figs. 3 and 4 and in Table 1.

The residual resistivity pg as a function of composition param-
eter x for the Tbg,7Dyg73(Mnj_xFeyx), series is presented in
Fig. 3, curve 1. Residual resistivity po decreases parabolically
with x and can be approximated by the numerical formula

5
p(T)=497.6D( ) +AT? 4+ BT + po )
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Fig. 2. Electrical resistivities: the total p, the phonon oy and the magnetic pn, observed against temperature for the Tbo27Dyo.73(Mn;_xFey); intermetallic system.
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Fig. 3. Residual resistivity po (curve 1), asymptotic magnetic resistivity pme (curve
2) and the Debye temperature 0p (line 3) for the Tbg27Dyo73(Mn;_xFey), series
against composition parameter x (bottom axis) and the average number n of 3d
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Fig. 4. The Curie temperatures T¢ of the Tbg27Dyo.73(Mn;_«Fey), series against com-
position parameter x (bottom axis) and the average number n of 3d electrons
(top axis). Open marks denote literature data [18,19,27,28]. Insert: an exemplary
Apm | AT function of temperature for the Tbg,7Dyo73Mn; compound. Line-line
intersection determines the Curie temperature Tc.

Table 1
Electrical resistivity parameters for Tbg 27 Dyo.73(Mn;_xFey), intermetallics.
X n A B C D
[Q2m/K?]x 10-10 [Q2m/K]x 102 [Q2m] x 106 [2m]x 1010
0 5 2.625 -0.631 1.364 701.040
0.2 52 1.626 0.213 1.452 447.650
0.4 5.4 3.714 1.893 1.518 338.935
0.6 5.6 0.934 -0.282 1.537 360.503
0.8 5.8 0.513 -0.294 1.585 361.991
1 6 0.052 0.211 1.341 630.075
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Po(x)=(—0.95x2+0.17x+1.05) 2m x 10~¢ (Fig. 3, curve 1). The
maximal error value equals A po=0.06 2m x 10-6. As a rule, resid-
ual resistivity originates from both crystal lattice imperfections and
statistical imperfections caused by a random distribution of atoms
[22]. In this case, the statistical imperfections should be related
to the presence of randomly distributed Tb and Dy atoms in the
R-sublattice and randomly distributed Mn and Fe atoms in the M-
sublattice. Tb/Dy disorder, if any, can be assumed to be practically
the same across the series. Moreover, in Tb and Dy the same 5d!62
external electrons screen the core atomic shell and they mainly cor-
respond to electron-electron scattering. Therefore, contributions
to po from Tb and Dy should be comparable. Thus it can be expected
that pg arises predominantly from crystal imperfections rather
than statistical disorder. As Tbg27Dyo73Mn, is more fragile than
Tbg 27Dy 73Fe>, it can be deduced that the crystal imperfections in
the former predominate over their counterparts in the latter. As a
result, the pg for Tbg;7Dyg73Mn; is higher than the pg value for
Tbg27Dyo.73Fes. In these circumstances the expected Mn/Fe statis-
tical disorder introduces only a convex deviation from the linearity
observed for pg(x), which may be interpreted tentatively as the
counterpart of a maximum.

The high temperature asymptotic values pmeo = pm(T— + o0 ) of
magnetic resistivity for the Tbg »7Dyg.73(Mn;_xFey), series are pre-
sented in Fig. 3, curve 2. The pmo resistivity grows softly parabol-
ically with composition parameter x and can be approximated by
the numerical formula oo () =(0.44x2 +0.36x+0.33) Q2 m x 1076,
The maximal error value equals A pme =0.02 2 m x 1076, This ten-
dency can be understood given that the number of transition metal
magnetic scattering centers (magnetic moments) increases with
x. Indeed, the Mn atom’s magnetic moment in C15-type RMn,
intermetallics strongly depends on dy_mn = av'2/4, the nearest
neighbour interatomic Mn-Mn distance [18,19,23-26]. There is a
certain critical distance, d.=2.66 A, above which Mn atoms carry
a large and stable magnetic moment. This occurs in the TbMn,
compound [23-25]. For compounds with dpyp_mn < dc @ mixture is
established, with either small, or no, magnetic moments at all at the
Mn sites very much as in the case of the DyMn, compound, which
is almost at the border line with dyn_mn, just below d. [24-26].
Assuming that the pseudobinary compound Tbg7Dyg73Mn; is a
stoichiometrical mixture of the TbMn, and DyMn, compounds, it
can be expected that some of the Mn atoms carry a stable mag-
netic moment. The introduction of Fe atom magnetic moments into
the M-sublattice stabilizes all atom magnetic moments. Thus the
number of scattering centers (stable magnetic moments) rises with
Mn/Fe replacement in the Tbg 37Dy 73(Mn_xFex), series and the
growing tendency in pmoo(X) is consequently observed.

The Debye temperatures 6p of the Tbg 57Dy 73(Mn;_xFex), com-
pounds are shown in Fig. 3, line 3. The points are approximated
by the numerical formula fp(x) =(— 93x +269) K. The maximal error
value equals Afp=8K. A tendency to slightly decrease with x may
be observed. These p values are situated below the Debye temper-
atures known for Mn (400-450K) and Fe (420-467 K), and above
the values known for Tb (158 K) and Dy (140-158 K) metals [20].

3.2. Curie temperatures

The dependence pm,(T) can be used to find the magnetic ordering
temperatures of the studied intermetallic series following a method
previously presented elsewhere [12,21]. The magnetic ordering
temperature Tc is situated in a temperature range with a maximal
change in numerically estimated parameter Ao, [ AT as presented
in the inset of Fig. 4 for the Tbg 27Dy 73Mn; compound. The inter-
section of the two fitted straight lines determines the magnetic
ordering temperature. Experimental error depends on the quality
of Apm [ AT dependence and maximal error can be expressed as

ATc=11K. The Curie temperature T¢ dependence against compo-
sition parameter x and the average number n of 3d electrons for
the Tbg,7Dyo.73(Mnq_xFex), series is presented in Fig. 4. The rela-
tively low Curie temperature for x = 0 (56 K) shows a strong increase
across the series up to x=1 (683 K). Experimental points follow
well the numerical formula T¢(x)=(538x% + 82x +64) K. Fig. 4 also
contains fragmentary literature data [18,19,27,28].

4. 57Fe Mossbauer effect studies
4.1. Spectra analysis

The 57Fe Mossbauer effect transmission spectra of the
Tbg27Dyo.73(Mn;_xFex), series, presented in Fig. 5, were collected
at 4.2 K by using a standard transmission technique with a °’Co in
the Pd source [29]. Spectra characteristic of an [100] easy axis of
magnetization were fitted assuming a random distribution of the
Mn and Fe atoms in the transition metal sublattice.

As in the MgCu,-type crystal lattice, the transition metal atom
is surrounded by six transition metal atoms as nearest neighbours
[1,16], so that the random distribution of the Mn/Fe atoms causes
different neighbourhoods of the probed Fe atom, which can be
surrounded by (6 —k) Mn atoms and k Fe atoms (k=0, 1, 2, ...,
6). A particular Mn/Fe nearest neighbour coordination produces
locally its own Mdossbauer effect subspectrum contributing to the
measured Mossbauer effect pattern, and therefore determines its

100.0

Transmission [%]

100

92

6 4 20 2 4 6

V [mm/s]

Fig. 5. >’Fe Méssbauer effect transmission spectra of the Tbg27Dyo73(Mn;_xFey),
intermetallic series (4.2 K).



W. Bodnar et al. / Journal of Alloys and Compounds 505 (2010) 393-399 397

own hyperfine interaction parameters. The probability of particu-
lar Mn/Fe nearest neighbourhoods and their Mossbauer subspectra
is expressed by a Bernoulli distribution formula [30]:

P(6:K) = —— O (1 = x)f Kk (4)

(6 -k)k!

which in this form is adapted for the intermetallic series
Tbg 27Dyo.73(Mn;_xFeyx),. Considering the above M-sublattice ran-
domness it was assumed that the amplitudes of particular
Mossbauer subspectra follow probabilities P(6;k). In order to reduce
the number of fitted parameters, surroundings with probabilities
of less than 0.1 of maximal probability P(6;k) were neglected and
for this reason, the remaining probabilities were normalized again.

Exemplary values of the parameters describing the quality of
the fitting procedure for the compound Tbg 57Dy 73(MnggFeg.4)2
are equal to x2=1.533 and MISFIT=0.213. The parameters for the
other compounds of the series are similar to these exemplary data.
It is worth adding that the hyperfine field average numerical error
obtained from the fitting procedure equals A(uoHps)=0.18T (ug is
the vacuum permeability).

It can be seen that for the compounds Tbg »7Dyg 73(MnggFeg> )
and Tbg,7Dyo73(MnggFeg4), with six Mn atoms as nearest
neighbours there is no magnetic hyperfine interaction at the
tested Fe nuclei and consequently only a quadrupole doublet is
observed.
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Fig. 6. Local magnetic hyperfine fields poHps for the Tbg 27Dyo.73(Mn_xFey), series:
labelled by x as functions of k (upper case), values averaged arithmetically over x
(dotted curve 1), labelled by k as functions of x (lower case), weighted average values
(dotted curve 2).

4.2. Local magnetic hyperfine fields

The locally originated magnetic hyperfine fields woHps
corresponding to particular Mdssbauer subspectra of the
Tbo27Dyo.73(Mn;_xFex), series, resulting from the fitting pro-
cedure, labeled by x and treated as functions of number k, are
presented in Fig. 6 (upper case). It is worth noticing that the value
k/6 can be interpreted as a local composition parameter in the
first coordination.

Additionally, the upper case of Fig. 6 (dotted curve 1) shows
magnetic hyperfine fields poHps arithmetically averaged over x
against the number k. It can be seen that the magnetic hyperfine
field oHpy (arithmetically averaged over x) (Fig. 6, dotted curve 1)
increases parabolically with k and is described by the numerical
formula puoHp(k)=(— 0.29k? +4.91k +3.55)T.

It is interesting to present the particular, or locally originated,
magnetic hyperfine field data again in the lower case of Fig. 6. In
this case the local poHyy fields, ascribed to corresponding k values,
are presented across the series. The dotted curve 2 in Fig. 6 shows
the weighted average value of the magnetic hyperfine field, calcu-
lated for each x, using the corresponding Bernoulli distribution as
in formula (4).

4.3. Average hyperfine interaction parameters
Fig. 7 shows the average hyperfine interaction parameters

weighted by subspectra amplitudes, calculated in line with the
Bernoulli distribution function, i.e. the isomer shift IS (with respect
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Fig. 7. Hyperfine interaction parameters of the Tbo,7Dyo73(Mn;_xFey), series at
4.2K: the isomer shift IS (line 1), the magnetic hyperfine field .oHps (curve 2) and
the quadrupole interaction parameter QS (line 3) vs. composition parameter x (bot-
tom axis) and the average number n of 3d electrons (top axis). Open marks denote
average values for the sample as bulk.
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Fig. 8. Upper case: correlation between the arithmetically averaged magnetic
hyperfine field puoHp{k) and the weighted magnetic hyperfine field poHud(x) for
the Tbg27Dyo.73(Mn;_«Fey), series. The points are labelled by corresponding k and
x values. Lower case: correlation between the Curie temperature T¢ and the square
value (poHpys)? of the magnetic hyperfine field for the Tbo27Dyo.73(Mny_xFey ), series.
The points are labelled by corresponding x values.

to iron metal, at 300K), the magnetic hyperfine field poHp, and
the quadrupole interaction parameter QS [31], determined for the
Tbg 27Dyg.73(Mny_xFex), intermetallics at 4.2K as a function of
composition parameter x (bottom axis) or the average number n of
3delectrons(top axis). The black points in Fig. 7 presented for x = 0.2
and x=0.4 are average values corresponding only to the magnetic
surroundings, whereas the open points correspond to average val-
ues calculated including also the non-magnetic case characteristic
of surroundings with only Mn atoms in the nearest neighbourhood
of the probed Fe atom. It is interesting to notice that the mag-
netic hyperfine field poHp numerically extrapolated to x =0, which
equals 4.14T, corresponds satisfactorily to the average field 6.93T
observed for the doped Dy(>’FeMn), system and to the field 6.63 T
which occurs for the Tb(*’FeMn), system [25,26].

The isomer shift IS is almost constant with compo-
sition parameter x and follows the numerical formula
IS(x)=(—0.022x+0.057)mm /s (Fig. 7, line 1).

The weighted average j1oHpy increases parabolically with com-
position parameter x and is described by the numerical formula
woHp(x)=(— 11.34x% +29.39x+4.14)T (Fig. 7, curve 2). Since for
most Tbg 37Dyg 73(Mn_xFex), compounds Curie temperatures are
relatively high (Fig. 4), the measured magnetic hyperfine fields
should correspond to magnetic moments at 4.2 K, which are not

far from their magnetic saturation values. This is not necessar-
ily the case for the Mn-rich compounds; for low x-values (low
Curie temperatures, Fig. 4) the magnetic moments and the mag-
netic hyperfine fields which correspond to them at 4.2K can be
somewhat distant from their saturation values.

The quadrupole parameter QS changes only slightly
with x and can be described by the numerical expression
QS(x)=(0.005x+0.021)mm /s (Fig. 7, line 3).

4.4. Correlation between the magnetic fields

It is interesting to make a comparison of the average local mag-
netic hyperfine field poHps as a function of k (taken from Fig. 6,
dotted curve 1) and the weighted average magnetic hyperfine
field woHps as a function of x (Fig. 7, curve 2) as presented in
the upper case of Fig. 8. Points are described by the correspond-
ing k and x numbers. The k-values used in Fig. 8 (upper case)
are calculated applying the proportion x:1=k:6 where, as men-
tioned previously, 6 denotes the number of crystal lattice nearest
neighbours surrounding the studied Fe atom, and k is the average
number of Fe atoms (not necessarily in this case an integral num-
ber) in neighbour coordination [1,2,16]. It can be seen that a linear
correlation between poHpd k) and woHpdx) appears. The resulting
oHp(k) vs. noHpdx) dependence obeys the numerical expression:
oHp(k)=(1.061oHp(x) — 1.21)T (Fig. 8, line 1).

5. Summary and discussion

In this work, a complete series of intermetallics
Tbg27Dyo.73(Mnq_xFex), was prepared for the first time, and
X-ray analysis at 300K was performed. Crystal structure and unit
cell parameter a were determined.

Electrical resistivity measurements were performed and the
parameters describing electrical resistivity were obtained. A sep-
arated magnetic resistivity contribution was applied to determine
the Curie temperatures T¢ of the complete Tbg 27Dyg.73(Mnq_yxFex),
series.

From °7Fe Méssbauer effect studies at 4.2 K, hyperfine interac-
tion parameters observed locally for different nearest neighbour
configurations of the tested 5’Fe atom, and the average hyper-
fine interaction parameters for the sample as bulk have been
determined. A direct linear correlation between the arithmetically
averaged magnetic hyperfine field poHpg k) and the weighted mag-
netic hyperfine field uoHyf(x) is observed.

As is presented in Fig. 4, the magnetic ordering temperature T¢
strongly varies across the Tbg27Dyg 73(Mn;_xFex), series. Since a
rigorous expression for the magnetic ordering temperature related
to the band structure of metallic ferromagnets or ferrimagnets has
not been formulated up to date, it is not an easy task to explain the
tremendous change in the Curie temperature which is observed.
Considering an approximate additive formula for the Curie temper-
ature of intermetallics Tc=Tg + Ty (T is the rare earth sublattice
contribution approximately constant across the series, Ty is the
transition metal sublattice contribution)[1,3,32] it can be expected
that Mn/Fe substitution modifies the density of 3d states, especially
3d states at Fermi level; that it modifies the integral of exchange
interactions, the splitting energy between the 3d subbands, the
transition metal magnetic moment, and thus it effects mainly the
Ty contribution to the Curie temperature across the series.

Assuming roughly that the Curie temperature contribution Ty
can be seen as kgTy ~ Jy-m My My [33], where Jy_y is the average
exchange integral between M-M neighbours, my; is the aver-
age magnetic moment per transition metal atom and kg is the
Boltzmann constant, a correlation between T¢ and woHps can be
considered.
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It has previously been observed that in substituted RM,-type
intermetallics the magnetic hyperfine field woHys is proportional
to the average magnetic moment my; calculated per transition
metal atom [29]. Thus in the lower case of Fig. 8 the correlation
between T¢ and (pLlof)2 is presented. Points are labeled by cor-
responding x numbers. It should be added that the value of (oHyf
for x=0 is the result of numerical extrapolation using curve 2 from
Fig. 7.

The Curie temperature T increases with the (/L()th)z
parameter, and two linear sections can be adjusted to this
dependence with an inflexion point present for x=0.6. Those
sections are described by the following numerical formu-
lae: TC=[O.74(u0th)2+45.98]K (Fig. 8, line segment 2.1) and
TC=[2.42(ulof)2—508.16]1( (Fig. 8, line segment 2.2). It can
be noticed that the slope rate of line segment 2.2 is approxi-
mately three times higher then the slope rate of line segment
2.1. It should be marked here that magnetic moments my; and
magnetic hyperfine fields woHps (which correspond to them)
for the Fe poor area of the Tbg;7Dyg73(Mnj_xFex), series are
not close to the point of magnetic saturation. Tc growth can
be caused by the growth of the my; magnetic moment. At this
stage the magnetic moment of iron mg. oversteps the mag-
netic moment of manganese my;, and the Fe contribution in
the M-sublattice increases with x. Moreover the average Jy_m
exchange integral grows across the series, since it can be
expected that Jge_pe is many times higher than Jyn-mn. Indeed
the Curie temperature kgTc(RFe;)~ Jre_pe Mpe Mpe is higher than
kgTc(RMn3 ) ~ Jpn-Mn Mmn Mun (Fig. 4) [1,2].

It should be added that a more exhaustive discussion of Curie
temperatures could be possible with the knowledge of the band
structure and exchange interactions for compounds of the series in
question.
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