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Abstract. In this work, we report DC susceptibility measurements in the range 1.8–300 K
on Pnma-R2BaZnO5 oxides with R= Sm, Eu, Dy and Ho. Eu2BaZnO5 displays Van Vleck
paramagnetism which corresponds to the singlet ground state7F0 of Eu+3 ions, with a spin–
orbit coupling constant value ofλ = 365(2) cm−1. Sm2BaZnO5 also behaves as a Van Vleck
paramagnet, with the magnetic ground multiplet split under the crystal–field interaction. For this
compound we found that the ground state corresponds to an effective spin stateS (± 1

2), with
effective magnetic momentµeff = 0.32(1)µB , and Van Vleck constantα1 = 9.2(2) × 10−4.
For R= Dy and Ho, the magnetic susceptibility obeys a Curie–Weiss law down toT = 1.8 K,
with effective moments close to the free-ion values. The absence of magnetic ordering above
1.8 K, together with the Curie temperaturesθDy = −15.1(8) K and θHo = −11.3(8) K of these
compounds, indicate the existence of competing interactions that frustrate the magnetic ordering.

1. Introduction

Ternary oxides of general formula R2BaMO5 (R = Y or rare earth and M= 3d transition
metal) crystallize in four different structural types, depending on the R and M elements
involved [1]. Systematic studies of these structures [2–7] with nearly all R and M elements
revealed that the crystal structure of the different compounds is strongly associated with the
3d transition metal, but is almost independent of the R ion involved.

These systems also display a diversity of magnetic structures, many of them of low
dimensionality [1, 8, 9]. Magnetic properties ofPnma-R2BaCuO5 members with magnetic
R atoms have been investigated [10–13] but there is not yet a satisfactory explanation for
the observed behaviour. This is mainly due to the coexistence of competing interactions
that require complex descriptions in terms of intra- and inter-sub-system (R–R, R–M and
M–M) parameters. It is therefore desirable to investigate the R–R and M–M intra-sub-lattice
interactions separately, which would also help to clarify the R–M coupling mechanisms.

In order to study the R–R interactions, the R2BaZnO5 compounds provide a suitable
frame because diamagnetic Zn2+ ions do not disturb the magnetic properties of the R sub-
lattices. Since these compounds are isomorphous to R2BaCuO5, similar R–R exchange
interactions are expected for both systems. In this paper we report DC magnetization
measurements on R2BaZnO5 with R = Eu, Sm, Dy and Ho in the range 1.8 K 6 T 6 300 K
and discuss the interpretation of the experimental data in terms of current theoretical models.
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2. Experimental

Samples of R2BaZnO5 (R = Eu, Sm, Dy and Ho) were prepared by standard solid state
reaction from R2O3 (99.999%), CO3Ba (99.99%) and ZnO (99.999%) powders mixed
in stoichiometric amounts. The homogenized mixture was first fired in air at 500◦C,
then re-ground and re-heated three times at 900◦C for 24 h. Powder x-ray diffraction
characterization was performed using Cu-Kα radiation. X-ray data were refined using
Rietveld profile analysis [14]. The DC magnetic susceptibility was measured in a SQUID
magnetometer, in the range 1.8–300 K, in applied fieldsH = 10−3–1 T.

3. Results and discussion

X-ray data of all samples showed a single phase that was indexed with an orthorhombic unit
cell, Pnma space group, in agreement with previous structural data [4]. Figure 1 shows
the magnetic susceptibility data of Eu2BaZnO5. The shape of the curve is characteristic of
a Van Vleck paramagnet [15], with a constant value for the lower temperature range and a
decreasing value whenT > 100 K. The ground state7F0 of Eu3+ is non-magnetic and the
excited states7FJ are close enough to give energy differences comparable tokT at room
temperature(≈ 205 cm−1). When Russell–Saunders coupling is assumed, the energy levels
WJ can be written as [15]

WJ = λ

2
[J (J + 1) − L(L + 1) − S(S + 1)] + A (1)

whereλ is the spin–orbit coupling constant andA is a constant independent ofJ . The
susceptibility per mole of Eu3+ is then given by

χ(Eu3+) =
(

C

T

)
(24/γ ) + (13.5 − (3/2γ )) e−γ + (67.5 − (5/2γ )) e−3γ + · · ·

1 + 3 e−γ + 5 e−3γ + · · · (2)

with C = [NAµ2
B/(3k)], whereNA andµB are Avogadro’s number and the Bohr magneton,

respectively. The parameterγ = λ/(kT ) is the ratio between the multiplet width and the
thermal energy. Subsequent terms give negligible contributions toχ(T ) in this temperature
range.

The best fit to the experimental data is shown in figure 1 with a continuous line and
corresponds toλ = 365(2) cm−1. This value is close to that previously reported [16] for
EuAlO3 (370 cm−1) and about 20% larger than the value found [17] in Eu2CuO4 single
crystals (303 cm−1). The differences between these estimations may be due to additional
contributions toχ(T ) from the magnetic Cu ions in Eu2CuO4. The obtained value of
λ indicates that the excited states are close enough to the ground state to have a non-
negligible population at room temperature, giving the observed Curie-like behaviour in the
high-temperature region (T > 100 K). At low temperatures, only the non-magnetic ground
stateJ = 0 of Eu3+ is populated and the susceptibility becomes temperature-independent.
Structural studies on Eu2BaZnO5 have shown that Eu ions occupy two inequivalent sites
in the structure [18], with distorted trigonal symmetry. However, our measurements on
powder samples do not allow the observation of the crystal field anisotropies.

The molar magnetic susceptibility of Sm2BaZnO5 is displayed in figure 2. At low
temperatures, only the magnetic6H5/2 ground multiplet is populated, which is split by the
crystal field. The susceptibility per mol of Sm3+ ions is given by [15]

χ(Sm3+) = 1

8

(C1/(T − 2)) + α1 + (C2/(T − 2)) e−1/T+ · · ·
3 + 4 e−1/T+ · · · (3)
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Figure 1. Experimental (circles) magnetic susceptibility versus temperature for Eu2BaZnO5.
The best fit toχ(T ) (full line), using equation (2), was achieved forλ = 365(2) cm−1.

where1 is the energy difference between the ground and first excited multiplet, andCi and
α1 are the Curie and Van Vleck constants respectively.1 andα1 are not independent since
α1 = 1.07/1, if 1 is given in kelvins. Similarly to the Eu3+ case, for Sm3+ one also expects
a non-negligible contribution from the excited state6H7/2 , which is1 = 1100 cm−1 above
the 6H5/2 ground state [19]. In the 200 K< T < 300 K region, the main contributions are
given by

χ(Sm3+) = C1

T
+ α1 + C2

T
e−1/T (4)

with C2 = 7.44 × 10−2. The fit to the experimental data (the full line in figure 2) gives
C1 = 0.0545(1) emu K mol−1 and α1 = 6.23(4) × 10−4 emu mol−1 for the Curie and
Van Vleck constants respectively. The corresponding value for the calculated effective
moment isµeff = 0.66(2)µB .

The susceptibility in the low-temperature region (taken asT 6 10 K) was fitted using
the expression

χ(Sm3+) = C ′
1

T − 2
+ α′

1 (5)

where we have introduced a Curie–Weiss behaviour to take into account the Sm–Sm
exchange interactions. The best fit to the experimental data (see figure 2) corresponded
to 2 = −1.0(1) K, α′

1 = 9.2(2) × 10−4 emu mol−1 and C ′
1 = 0.0131(5) emu K mol−1.

These results indicate a strong reduction of the magnetic moment at low temperature
(µ′

eff = 0.32(1)µB), probably due to crystal field splitting.
In the simplest case of an axial crystalline field, the ground state doublet may be

either S(= ± 1
2) or S(= ± 5

2), with effective magnetic moments of 0.25µB and 1.24µB

respectively. Our results from the low-temperature region indicate that the ground state
is closer toS = ± 1

2. At higher temperatures the6H7/2 excited state becomes accessible,
contributing to the total measured susceptibility (the third term in equation (4)). At room
temperature, the free-ion magnetic moment(µ

f ree

eff = 0.84µB) is not fully recovered.



8610 G F Goya et al

Figure 2. Magnetic susceptibility versus temperature data for Sm2BaZnO5. The high
(equation (4)) and low (equation (5)) temperature fits toχ(T ) are shown by full lines.

Previous specific heat and optical absorption measurements in Sm2BaCuO5 [11, 20]
have shown two separate Néel temperatures atTN1 = 22 K andTN2 = 5 K, assigned to Cu
and Sm ordering respectively. Our small value of2Sm in Sm2BaZnO5, suggests that Sm
ordering in Sm2BaCuO5 may be partially induced by the Cu sub-lattice.

Figure 3 shows the magnetic susceptibility data of Dy2BaZnO5 and Ho2BaZnO5 in the
range 1.8 K 6 T 6 300 K atH = 50 mT. Both systems are paramagnetic down to 1.8 K,
and were fitted with a Curie–Weiss law. The effective magnetic moments obtained for Dy3+

and Ho3+ in R2BaZnO5 (table 1) are similar to previous values found in R2Cu2O5 [1, 21]
and RBa2Cu3O7 [22, 23]. These values are consistent with the expected ones within the L–S
Russell–Saunders coupling scheme (labelledµHund in table 1), assuming that1E � kT

at room temperature, where1E is the energy difference between the excited and ground
states of the electronic multiplet.

Table 1. Mean field parameters obtained from a Curie–Weiss fit ofχ(T ). µexp , experimental
magnetic moments;2, Weiss temperature. Errors are quoted in parentheses. The calculated
magnetic moments within Hund’s approximation (µHund ) are shown for comparison. Data for
Gd2BaZnO5 are from [24].

Compound µexp µHund 2 (K)

Gd2BaZnO5 7.99(1) 7.94 −15.9(3)

Dy2BaZnO5 10.84(2) 10.65 −15.1(8)

Ho2BaZnO5 10.34(2) 10.61 −11.3(8)

We have recently reported [24] magnetic susceptibility and electronic paramagnetic
resonance (EPR) measurements on Gd2BaZnO5, which showed that the antiferromagnetic
interactions present can produce long-range ordering of the Gd sub-lattice at
TN (Gd2BaZnO5) = 2.3 K. As discussed there, the ratio between the Néel and Curie–Weiss
temperatures,|2Gd |/TN ≈ 7, indicates the existence of competing interactions that lead to
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Figure 3. Magnetic susceptibility versus temperature data for Dy2BaZnO5 and Ho2BaZnO5.
The insets show the d(χT )/dT curves for each compound.

magnetic frustration in the system, originated in the multiplicity of R–R exchange pathways
of this structure [24]. The coincident values found for the Curie–Weiss temperatures2Ho,
2Dy and2Gd , together with the common crystal structure of these compounds, suggest that
similar exchange paths might be operative in all R2BaZnO5 samples.

It is interesting to note that the highest Néel temperature for the R sublattice (TN1)
in the R2BaCuO5 series is found [11] for R= Gd, with TN1(Gd2BaCuO5) = 12 K.
Correspondingly, the only transition above 1.8 K observed so far in the R2BaZnO5 family
is for R = Gd (TN (Gd2BaZnO2) = 2.3 K). The d(χT )/dT curves for R= Dy and Ho
(insets of figure 3), have very similar slopes and absolute values to those measured for
Gd2BaZnO5 near TN . This similarity suggests that the same R–R exchange interactions
become operative, in theT . 5 K temperature range, for these systems. Thus it is plausible
that the ordering temperature for Dy2BaZnO5 and Ho2BaZnO5 might be slightly below the
lowest temperature of our experiment. Susceptibility measurements belowT = 1.8 K would
help to clarify this hypothesis.

In summary, we have measured the magnetic susceptibilities of several members of the
R2BaZnO5 oxide system, in which the only magnetic ions are the rare earths. We have
found Van Vleck magnetism and estimated the energy levels of the electronic multiplets for
R = Eu and Sm in R2BaZnO5. For Sm3+ ions in Sm2BaZnO5, we have found evidence
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that the ground state isS = ± 1
2. The compounds with R= Dy3+ and Ho3+ do not display

magnetic ordering above 1.8 K. A mean field analysis leads to a relation of2/TN > 5 both
for Dy2BaZnO5 and for Ho2BaZnO5, which indicates the existence of magnetic frustration
in these systems, similar to previous findings in Gd2BaZnO5.
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Bariloche.

References
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