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Magnetic and transport properties of Erq_,;Sm;MngGeg (z=0.2-1.0) have been investigated by x-ray diffraction

(XRD) and magnetization measurement. Analysis of the XRD patterns indicates that the samples with z < 0.4 mainly

consist of HfFegGeg-type phase and the samples with 0.6< z <1.0 mainly consist of YCogGeg-type phase (P6/mmm).

The lattice constants and the unit cell volume increase with increasing Sm content. The antiferro—ferri—ferromagnetic

transitions can be observed with increasing Sm content. The samples with £=0.2 and 0.4 order antiferromagnetically at

420 and 425K, respectively. The samples with £=0.6, 0.8 and 1.0 order from ferri- to ferromagnetically over the whole

magnetic ordering temperature range. The corresponding Curie temperatures are 435, 441 and 446K, respectively. The

magnetoresistance (MR) isotherms of the sample with 2=0.8, measured at various temperatures, are analysed. The

magnitude of MR is found to be positive below 55K and gradually increases to a relatively large value of about 5.02%

at 5K in a field of 5T as the temperature is lowered. A possible explanation for the positive MR is given.
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1. Introduction

The crystallographic and magnetic properties of
the RMngGeg (R=Y, Nd, Sm, Gd-Lu) compounds
have been studied extensively. They are isotypic ei-
ther to HfFesGes (R=Y, Gd—Lu)[l] or to YCogGeg
(R=Nd, Sm).[?l The magnetic behaviour of this fam-
ily of compounds is of particular interest due to the
different strengths of the R—Mn interaction and to
the magnetocrystalline anisotropy of the R atom.l]
Magnetic measurement and neutron diffraction stud-
ies have shown that the magnetic properties and mag-
netic structures of RMngGeg are very sensitive to the
Mn—Mn interatomic distance and the nature of the R
elements. Among them, ErMngGeg orders antiferro-
magnetically below Ty=475K and undergoes a first-
order spin reorientation transition at 7;=80K. The se-
quences of phases found by neutron diffraction are: (a)

a triple skewed spiral phase in the range 1.4-80K; the

structural unit consists of Mn(+)-Er(-)-Mn(+) triple
layers which change their moment direction collec-
tively along the direction of the wavevector; (b) a
complex distorted skewed spiral phase in the region
80-160K; and (c) a collinear antiferromagnetic phase
in the region 160-200K.[3] Such a complicated mag-
netic structure suggests that the magnetic interactions
within the slab are very sensitive to the nature of the

R element and slight modifications of the chemical

bond.

Intensive study of spin-dependent transport in
magnetic multilayers has been stimulated by the ob-
servation that antiferromagnetically coupled layers
can show a dramatic decrease in resistivity when the
layers are forced into ferromagnetic alignment by the
application of an external magnetic field. The recog-
nized interpretation is that giant magnetoresistance
(MR) is usually attributed to spin-dependent scatter-

ing inside the bulk or at the interface,[*! the overall
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resistivity being lower for parallel than for antipar-
allel arrangement of the magnetic moments. How-
ever, it has been reported that some of the layered
compounds exhibit large positive MR behaviour, in
spite of the fact that they are ferromagnetic at low

s.[5=10] Tn this paper, we report the effect

temperature
of substitution of Sm for Er on the magnetic and trans-
port properties of Er;_,Sm,MngGeg (0.2< z <1.0)
series and offer the possible explanations of the posi-

tive MR at low temperatures.
2.Experiment

Er;_.Sm;MngGeg

samples were synthesized by arc-melting in a high-

(z=0.2-1.0) polycrystalline
purity argon atmosphere. The raw materials used
were of at least 99.9% purity. An excess of Er, Sm
and Mn over the stoichiometric amount was added
to compensate for the loss of weight during the arc-
melting. The ingots were re-melted at least three
times to ensure the homogeneity. They were subse-
quently sealed in an evacuated quartz tube and an-
nealed at 1073K for ten days, and then quenched in
water. The crystal structures of the samples were

measured by XRD with CuK, radiation. The mag-

netic properties were measured by a vibrating sample
magnetometer (VSM) and a superconducting quan-
tum interference device (SQUID). Specific heat mea-
surements were performed by the semi-adiabatic heat
pulse method in the temperature interval 5-150K in
the presence of 0 or 5T fields. The MR measurement
was carried out by means of the standard four-probe
dc method with an electric current of 100 mA par-
allel to the magnetic field. The sample used in the
MR measurement was a rod with square cross-section

having dimensions of 10x2x2 mm3.

3. Results and discussion

Analysis of the XRD patterns shows that the sam-
ples with z <0.4 mainly consist of HfFegGeg-type
phase and the samples with 0.6< z <1.0 mainly con-
sist of YCogGeg-type phase (P6/mmm). The lattice
constants of all compounds are listed in Table 1. As
observed, the replacements of Er by Sm are charac-
terized by the increase of lattice constants due to the
larger atomic radius of Sm compared with Er. The
increase of the lattice constants means lengthening of
the Mn-Mn and R-Mn interatomic distances.

Table 1. Structural and magnetic data for Er;_.Sm;MneGeg.

Y a/nm c¢/nm c/a V /nm3 Tn,c/K Structure type Ms/(A-m2-kg™1)
0.2 0.5224 0.8152 1.5605 0.1929 420 HfFeeGeg -

0.4 0.5228 0.8164 1.5616 0.1932 425 HfFegGeg -

0.6 0.5237 0.8180 1.5620 0.1943 435 YCoeGesg 33.1

0.8 0.5243 0.8188 1.5617 0.1949 441 Y CogGeg 57.5

1.0 0.5245 0.8194 1.5622 0.1952 446 YCogGesg 67.5

M/(A-m?kg™?)
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Fig.1. Temperature dependence of magnetization for

Eri_»Sm;MngGeg in a magnetic field of 0.01T (the inset

shows the magnetization for the samples with £=0.2 and 0.4).
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The temperature dependence of the magnetiza-

tion measured under a field of 0.01T is shown in Fig.1.
Two content regions with different magnetic proper-
ties appear: (1) for z=0.2 and 0.4, the samples have
antiferromagnetic properties; (2) for z=0.6, 0.8 and
1.0, the samples order from ferri- to ferromagnetically
over the whole magnetic ordering temperature range.

The magnetic data are also listed in Table 1.

The interpretation is evidenced by the magnetic
isotherms of the samples with z=0.6 and 0.8 measured
at various temperatures, as shown in Figs.2 and 3, re-
spectively. It is seen that the magnetic isotherms of
the sample with z=0.6 display the typical ferrimag-
netic behaviour, and the spontaneous magnetization
Mg, obtained by extrapolating the high-field parts of
the isotherm to zero field, increases first, reaches the
maximum of 44.6A-m? kg™ at 280K, and then de-

creases at higher temperatures. For the sample with
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z=0.8, the magnetization increases faster at low fields
and approaches saturation at high fields, indicating
the ferri-/ferromagnetic character. The spontaneous
magnetization Mg decreases with increasing tempera-
ture from 57.5A-m? kg~ ! at 5K to 46.7A-m?-kg! at
305K.
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Fig.2. Magnetic field dependence of magnetization for
Erg.4Smg.6MngGeg at various temperatures (the inset
shows the temperature dependence of the spontaneous
magnetization).
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Fig.3. Magnetic field dependence of magnetization for

Erg.2Smg sMngGeg at various temperatures (the inset

shows the temperature dependence of the spontaneous

magnetization).

A transition from an antiferromagnetic to a fer-
romagnetic state can be observed with the increase of
Sm content. Two reasons can be used to interpret this
experimental result: (1) for the coupling between Mn—
Mn layers, as mentioned above, the substitution of Sm

for Er leads to an increase of the lattice constants, the

expansion of the Mn—Mn interlayer distance results in
the ferromagnetic coupling of them; (2) for the cou-
pling between R—Mn layers, as generally observed in
R-3d intermetallic compounds, the Sm—Mn couplings
are positive. This exchange interaction is very strong,
causing the Sm moments to order simultaneously with
the Mn moments. The strong interaction has been at-
tributed to the larger exchange interaction between
the 4f and 5d electrons in the light rare earth, result-
ing in an increase in the spatial extent of the 4f shell
with the rare earth atomic number.!'!] Thus the cou-
pling energy between R and Mn sublattices is stronger
with the increase of the substitution Sm for Er atom.
The increase of the coupling energy leads to a con-
structive interaction with a ferromagnetic alignment

between both sublattices.
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Fig.4. Magnetic field dependence of magnetization
for Er1_;Sm;MngGeg at 5K.

Figure 4 shows magnetization as a function of
applied field at 5K. For z=0.2 and 0.4, the mag-
netization increases linearly in the investigated field
range. For z=0.6, 0.8 and 1.0, the magnetization in-
creases relatively faster at low fields and approaches
saturation at high fields, which indicates their ferri-
/ferromagnetic characters. The spontaneous magne-
tization Mg is presented in Table 1. It is seen that
the Mg of the sample (z=0.6, 0.8 and 1.0) increases
with the increase of Sm content. Neutron diffraction
studies on the magnetic ordering of ErMnGGe?] and
Thg sNdg.2MngGeg!'?! have shown that the low tem-
perature phases are a triple skewed spiral and a triple
conical spiral, respectively, in which the triple unit of
Mn—-R-Mn moments changes collectively their orien-
tation by a constant angle along the ¢ axis. The Er

moment and the resultant moment component of the
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Tb and Nd moments oriented antiparallelly, ordering
opposite to the line bisecting the Mn—Mn interplanar
angle. Thus we see that the low temperature mag-
netic structure of Er;_,Sm,MngGeg (z <0.4) is simi-
lar to that of ErMngGeg and the Er and Sm moments
may order antiparallelly. With further increase of the
Sm content, the stronger positive coupling of Sm—Mn
leads to the decrease of the Mn—Mn interlayer angle
and then leads to the appearance of the ferrimagnetic
in-plane component which increases with the Sm con-
tent, and reaches the maximum at z=1.0, i.e. the
in-plane orientation of the Sm and Mn moments is
parallel. Thus the Mg of them increases with increas-

ing Sm content.
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Fig.5. Magnetic field dependence of MR for
Erg.2Smg.sMngGeg measured at various temper-
atures.
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Fig.6. Specific heat (c) as a function of temperature

(T) for Erg.2Smo.sMngGeg.

The normalized MR=[p(H)-p(0)]/p(0) for the

sample with z=0.8 as a function of applied field at
various temperatures is given in Fig.5. We note that
the MR changes gradually from a small negative value
of about-0.85% at 55K to a relatively large positive
value of about 5.02% at 5K in a magnetic field of
5T. It is seen that the sign of MR is positive at 5T
below the temperature of 55K. We have measured its
zero-field and magnetic-field (5-150K) specific heat (c)
(Fig.6) and surprisingly we do not see any noticeable
anomaly around the corresponding temperature and
its value does not vary with magnetic field. It is known
that the application of magnetic field induces more
spin fluctuations and accordingly strengthens the spin
fluctuation contribution to the electron specific heat.
Since the application of magnetic field does not effect
the specific heat, we may exclude the possibility that
the positive MR arises from the spin fluctuation. We
have considered that the origin of positive sign may
be due to the impurity phase of SmMnyGes present
in the sample. A similar experimental phenomenon
has been found in layered SmMn,Ges magnet stud-
ied by Sampathkumaran et al.['3] According to their
point of view, it results from a phase transition be-
low 30K attributable to magnetic ordering from the
Sm sublattice. But this possibility is less likely ow-
ing to the following reasons: (1) it can be seen from
Figs.3 and 6 that the sample with £=0.8 orders ferri-
/ferromagnetically over the whole magnetic ordering
temperature range, i.e. no phase transition appears
at the corresponding temperature; (2) the impurity
phase of SmMny;Ge, has not been observed in the
XRD of the sample with =0.8. The positive MR
may arise if the presence of a field induces some pseu-
dogaps in some portions of the Fermi surface.l'l Tt
may also be due to the influence of Lorentz force on
the conduction electrons, as has been suggested for
(Dy,Sm)MngGeg compound.['®! Tt is also clear that in
the temperature range above 55K, the MR is negative.
It increases with increasing field and does not saturate
up to 5T. This indicates that the sample does not ac-
quire a collinear ferromagnetic state in the range of
fields studied.

In summary, the substitution of Sm for Er leads to
an increase of the lattice constants and the unit cell
volume and strengthens the interlayer ferromagnetic
Thus

the transition from an antiferromagnetic to a ferro-

coupling between Mn—-Mn and (Er,Sm)-Mn.

magnetic state can be observed with increasing Sm
content. The samples with =0.2 and 0.4 order anti-

ferromagnetically at 420 and 425K, respectively. The
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samples with £=0.6, 0.8 and 1.0 order from ferri- to

ferromagnetically over the whole magnetic ordering

temperature range. The corresponding Curie temper-

atures are 435, 441 and 446K, respectively. The origin

of positive MR at low temperatures may be due to the

influence of magnetic field on the Fermi surface or due

to the Lorentz force on the conduction electrons.
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