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The substitution of zinc for iron in YBaFe4O7 has allowed the oxide series YBaFe4-xZnxO7, with
0.40e xe 1.50, belonging to the “114” structural family to be synthesized. These oxides crystallize in
the hexagonal symmetry (P63mc), as opposed to the cubic symmetry (F -43m) of YBaFe4O7.
Importantly, the dc magnetization shows that the zinc substitution induces ferrimagnetism, in
contrast to the spin glass behavior of YBaFe4O7. Moreover, ac susceptibility measurements
demonstrate that concomitantly these oxides exhibit a spin glass or a cluster glass behavior, which
increases at the expense of ferrimagnetism, as the zinc content is increased. This competition between
ferrimagnetism andmagnetic frustration is interpreted in terms of lifting of the geometric frustration,
inducing the magnetic ordering, and of cationic disordering, which favors the glassy state.

Introduction

Transition metal oxides, involving a mixed valence of the
transition element, present a great potential for the genera-
tion of strongly correlated electron systems. An extraordin-
ary number of studies have been carried out in the last two
decades on systems such as superconducting cuprates,
colossal magnetoresistive manganites, and magnetic cobal-
tites, whose oxygen lattice exhibits a “square” symmetry
derived from the perovskite structure. In contrast, the
number of oxides with a triangular symmetry of the oxygen
framework is much more limited, if one excludes the large
family of spinels that exhibit exceptional ferrimagnetic pro-
perties anduniquemagnetic transitions1-3 as forFe3O4, but
also magnetic frustration4,5 because of the peculiar tri-
angular geometry of their framework as for spinel ferrite
thin films.
The recent discovery of the new series of cobaltites

(Ln,Ca)1BaCo4O7
6-8 and ferrites (Ln,Ca)1BaFe4O7

9-11,
termed “114” oxides, have opened up a new field for the
investigation of strongly correlated electron systems. These

oxides are closely related to spinels and bariumhexaferrites,
by their close packing of “O4” and “BaO3” layers. Impor-
tantly, they differ from all the other mixed valent transition
metal oxides by the fact that cobalt or iron exists only in the
tetrahedral coordination. Moreover, the symmetry of the
structure may vary according to the temperature as well as
the nature of the transition element, cobalt or iron, from
hexagonal to cubic or orthorhombic. This change of sym-
metry seems to dramatically influence the magnetic proper-
ties, ranging from spin glass behavior for cubic LnBaFe4O7

oxides10,11 to ferrimagnetism for orthorhombic CaBa-
Co4O7

8 and hexagonal CaBaFe4O7
9 oxides. Very complex

magnetic transitions are observed, as exemplified for YBa-
Co4O7, for which a spin glass behavior was first reported
around 66 K7, whereas long-range magnetic order was ob-
served below TN=110 K12, and a magnetic transition with
short-range correlations was revealed above TN

13. More-
over, such magnetic transitions are often induced by struc-
tural transitions (TS), as shownby the lifting of themagnetic
frustration at TS in LnBaCo4O7 oxides.

6,7,14

The remarkable feature of the “114” ferrites is the exis-
tence of the cubic symmetry of LnBaFe4O7 oxides10,11

with Ln=Dy, Ho, Er, Yb, Lu, which has never been ob-
served in the cobaltite series, whereas the hexagonal
symmetry is observed for both types of oxides, LnBa-
Co4O7

6,7 oxides whatever Ln, as well as CaBaFe4O7
9 and

LnBaFe4O7
11with Ln=Tb,Gd.Understanding the rela-

tive stability of these two structural types of ferrites is of
great importance because it appears that it governs their
magnetic properties, leading to spin glass behavior and
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ferrimagnetism for cubic and hexagonal LnBaFe4O7

oxides, respectively11. In fact, the two structures are
closely related, i.e. built up of an ordered 1:1 stacking of
identical tetrahedral layers, i.e., kagom�e (K) and tri-
angular (T) layers. The cubic structure (Figure 1a) can
then be deduced from the hexagonal one (Figure 1b) by
translation of one T layer out of two by aB/2. Bearing in
mind that the structural transition from cubic to hexa-
gonal symmetry is very sensitive to geometric factors, as
shown from the effect of the size of Ln3þ cations,11 we
have explored the effects of cationic substitutions upon
the structural and magnetic properties of the cubic spin
glass YBaFe4O7. In this study, we show that the substitu-
tion of Zn2þ for Fe2þ in this phase allows the hexagonal
symmetry to be stabilized for the series YBaFe4-xZnxO7

with 0.40 e x e 1.50. Moreover, it is observed that this
substitution by a diamagnetic cation induces a ferri-
magnetic ground state, in agreement with the change
of symmetry. However, because Zn2þ is a diamagnetic
cation, it does not participate in the magnetic interac-
tions, but rather dilutes the magnetic sublattice and
introduces cationic disordering, which in turn is respon-
sible for the appearance of magnetic frustration. The
combined measurements of ac and dc magnetic suscepti-
bility throw light on the competition between ferrimag-
netic interactions and magnetic frustration in this series,
suggesting a possible phase separation.

Experimental Section

Phase-pure samples of YBaFe4-xZnxO7 [x = 0.40 - 1.50]

were prepared by solid-state reaction technique. The precursors

usedwereY2O3, BaFe2O4, ZnO,Fe2O3, andmetallic Fe powder.

First, the precursor BaFe2O4 was prepared from a stoichio-

metricmixture of BaCO3 andFe2O3 annealed at 1200 �C for 12 h

in air. In a second step, a stoichiometric mixture of Y2O3,

BaFe2O4, ZnO, Fe2O3 and metallic Fe powder was intimately

ground and pressed in the form of rectangular bars. The bars

were then kept in an alumina finger, sealed in silica tubes under a

vacuum, and annealed at 1100 �C for 12 h. Finally, the samples

were cooled to room temperature at a rate of 200 �C/h.
The X-ray diffraction patterns were registered with a Pana-

lytical X’Pert Pro diffractometer under a continuous scann-

ing mode in the 2θ range 10-120� and step size Δ2θ = 0.017�.
The dc magnetization measurements were performed using a

superconducting quantum interference device (SQUID) mag-

netometer with variable temperature cryostat (Quantum De-

sign, San Diego). The ac susceptibility, χac(T) was measured

with a PPMS fromQuantumDesign with the frequency ranging

from 10Hz to 10 kHz (Hdc=0Oe andHac=10Oe). All themag-

netic properties were registered on dense ceramic bars of dimen-

sions ∼4 � 2 � 2 mm3.

Results and Discussion

For the above synthesis conditions, a monophasic sys-
tem was obtained for YBaFe4-xZnxO7 with 0.40 e x e
1.50. The EDS analysis of the samples (Table 1) allowed
the cationic compositions to be confirmed.
Structural Characterization. The X-ray diffraction

(XRD) patterns show that all the samples with 0.40 e
x e 1.50 exhibit the hexagonal symmetry, as exemplified
for the two extrememembers of the series, x=0.40 and x=
1.50 (Figure 2), whose fits have been achieved byRietveld
analysis using the FULLPROF refinement program 15.
The extracted cell parameters (Table 1) show that “a”
increases slightly as x increases, whereas “c” decreases so
that the cell volume does not vary significantly, in agree-
ment with the size of Zn2þ (rZn2þ ≈ 0.60 Å) being very
similar to that of Fe2þ (rFe2þ ≈ 0.63 Å). Thus, the
stabilization of the hexagonal phase with respect to the
cubic one is probably not due to the smaller size of the
Zn2þ cation. The rather different distortion of the ZnO4

tetrahedra compared to the FeIIO4 tetrahedra may be at
the origin of this structural transition, allowing a different
tuning of the kagom�e and triangular layers in the hexa-
gonal phase compared to the cubic one.
A preferential occupancy of one of the two different

kinds of sites by Zn2þ in the hexagonal structure is
possible, but cannot be detected here from XRD data
because of the very close values of the scattering factors of
Zn and Fe. In any case, the c/a ratio of the hexagonal cell
of the series YBaFe4-xZnxO7 (Table 1) clearly shows that
the introduction of zinc in the structure tends to destroy
the close packing of the “BaO3” and “O4” layers, leading
to a c/a value significantly larger than the ideal value for a

Figure 1. Relative positions of the T layers in (a) cubic YBaFe4O7 and (b) hexagonal CaBaFe4O7. For details, see text. Adapted with permission from
ref 10. Copyright 2010 American Chemical Society.

(15) Rodriguez-Carvajal, J. An Introduction to the Program FULL-
PROF 2000; Laboratoire L�eon Brillouin, CEA-CNRS: Saclay, France,
2001.
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perfect close packed structure (1.6333), and in the same
way ruling out a possible cubic close packed symmetry.
Note, however, that the decrease of c/a ratio as the zinc
content increases is not yet understood.
It is also quite remarkable that attempts to synthesize

phase pure samples for 0 < x < 0.40 were unsuccessful,
instead leading to a mixture of the cubic and hexagonal
oxides. This observation is important, because it demon-
strates that in this region of crossover from cubic to
hexagonal symmetry, no cubic solid solution can be
obtained, confirming that Zn2þ cannot accommodate
the unique tetrahedral site of the cubic structure of
YBaFe4O7, most likely because of the different distortion
of ZnO4 tetrahedra compared to FeO4 tetrahedra.
DC Magnetization Studies. The temperature depen-

dence of dc magnetization was registered according to
the standard zero-field-cooled (ZFC) and field-cooled
(FC) procedures. A magnetic field of 0.3 T was applied
during the measurements. The measurements were done
in a temperature range of 5 to 400 K. The MZFC(T) and
MFC(T) curves of all the samples are shown in Figure 3.
The highest value of the magnetization was observed for
the samplewith the lowest zinc content, x=0.40. For this
sample, themagnetization increases sharply as the sample
is cooled below 150 K, as is seen from the FC and ZFC
curves. The FC curve shows saturation at about 0.78 μB/f.
u. at 5K,with the typical shape of ferro (or ferri)magnetic
behavior, whereas the ZFC curve exhibits a maximum at
∼80 K reflecting the existence of strong irreversibility.
This behavior is in contrast to the spin glass behavior of

YBaFe4O7.
10 Rather, it is comparable to CaBaFe4O7,

which was found to be ferrimagnetic with a hexagonal
symmetry. Nevertheless, the TC value of YBaFe3.6-
Zn0.4O7 is significantly smaller than the value obtained
for CaBaFe4O7 (270 K). Also, the Curie-Weiss tem-
perature (θCW) for YBaFe3.6Zn0.4O7, obtained by extra-
polation of the linear χ-1(T) region, is 63.7 K. This is
substantially lower than the value that was obtained for
CaBaFe4O7 (268.3 K). This suggests that the dilution
introduced by the diamagnetic cation Zn2þ weakens the
ferrimagnetic interaction in this system, and the final
ground state of the oxide may not be a simple ferrimagnet,
but amore complex system involvingmagnetic frustration.
With an increase in the substitution level (x), the value

of the magnetization attained by the sample at the lowest
measured temperature of 5 K decreases monotonically
(this decrease is shown in the inset of Figure 3). This
feature is again a reflection of the fact that the Zn2þ ions
do not carry any magnetic moment, and thus serve to
dilute the ferrimagnetic coupling. This dilution of the
ferrimagnetic interaction is also seen in the fact that the
temperature below which the magnetization starts rising,
as well as the sharpness of the transition, keeps decreasing
with an increase in the zinc content (x) (Figure 3). This has
been shown quantitatively in Figure 4, where we have
plotted the first derivative of magnetization (dM/dT)
versus temperature curves. The inflection points of the
curves (Tinf) can be roughly considered to be the tem-
peratures at which the paramagnetic to ferrimagnetic
transition takes place. (Later on, we will show that the
ground state obtained at low temperature in these oxides

Table 1. Refined Crystal Structure Parameters As Obtained from the Rietveld Refinement of X-ray Powder Diffraction Data

unit-cell parameters

doping
concentration (x)

cryst syst
(space group) a (Å) c (Å) c/a

reliability
factor (RF)

x as obtained from
EDS analysis

0.40 hexagonal (P63mc) 6.317(2) 10.380(2) 1.6432 3.11 0.36(0.02)
0.50 hexagonal (P63mc) 6.319(2) 10.379(2) 1.6425 8.31 0.53(0.03)
0.60 hexagonal (P63mc) 6.321(1) 10.377(1) 1.6417 5.30 0.65(0.04)
0.80 hexagonal (P63mc) 6.321(2) 10.371(2) 1.6407 9.28 0.80(0.04)
0.90 hexagonal (P63mc) 6.323(1) 10.367(1) 1.6396 7.97 0.90(0.04)
1.25 hexagonal (P63mc) 6.325(3) 10.355(3) 1.6372 8.31 1.27(0.03)
1.50 hexagonal (P63mc) 6.328(1) 10.348(1) 1.6353 8.24 1.56(0.03)

Figure 2. X-ray diffraction patterns along with the fits for (a) YBaFe3.6-
Zn0.4O7 and (b) YBaFe2.5Zn1.5O7.

Figure 3. MZFC(T) andMFC(T) curves of YBaFe4-xZnxO7 measured at
H=0.3T. The empty symbols are forMZFC(T) and the solid symbols are
for MFC(T). The inset shows the variation of MFC at T = 5 K with the
substitution level (x).
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is not a simple ferrimagnet. Instead, it is rather complex,
as will become clear from the ac magnetic susceptibility
measurements, which we detail in the next section.) Inset
(a) of Figure 4 shows the monotonic decrease in Tinf with
an increase in the substitution level (x).
In inset (b) of Figure 4, we show the variation of ΔT1/2

with the doping concentration (x). ΔT1/2 is the full width
at half-maximum (fwhm) of the dM/dT vs T curves. It
gives a measure of the width of the transition (a lower
value ofΔT1/2 indicates a sharper transition). As is seen in
the figure, the width of the transition shows a systematic
increase with an increase in the substitution level (x),
thereby indicating the dilution of the ferrimagnetic inter-
actions.
In view of the observations on the irreversibility of the

FC and ZFC M(T) curves seen at low temperature, de-
tailed investigations were carried out on the dc magneti-
zationM(H) curves of the various samples at 5K.The iso-
thermal magnetization curves recorded at 5 K (Figure 5)
show that the x = 0.40 sample exhibits the largest hys-
teresis loop i.e. the largest values of the coercive field
(HC ∼ 1 T) and of the remanent magnetization (Mr ≈ 0.8
μB/f.u.), indicating that YBaFe3.6Zn0.4O7 is, like CaBa-
Fe4O7, a hard ferrimagnet. Importantly, the shape of the
M(H) loop of this phase is much smoother than for
CaBaFe4O7, and rather similar to that observed for

CaBaFe4-xLixO7 oxides, that were shown to be glassy
ferrimagnets16. These samples show similar magnetic
hysteresis loops, characterized by a lack of magnetic
saturation.Moreover, one observes that the coercive field
HC (inset (a) of Figure 5) and the remanentmagnetization
Mr (inset (b) of Figure 5) exhibit a monotonic decrease as
the substitution level increases.
The lack of magnetic saturation in these samples can be

quantified by taking the ratio of the value of the magne-
tization attained at a field of 5 T andMr [M (H=5T)/Mr].
This is shown in Figure 6 (a). As can be seen from the
figure, the quantity M (H = 5 T)/Mr increases by nearly
5 times as the doping concentration is increased from x=
0.40 tox=1.50. This again indicates the strongweakening
of the ferrimagnetic interaction with increasing zinc con-
centration. The spontaneousmagnetization (M atH=0,
as read out from the virgin curve) shows a monotonic
decrease with an increase in the substitution level (x)
(Figure 6b). As x increases from 0.40 to 1.50, the sponta-
neous magnetization decreases by 4 orders.
Thus, these results suggest that in these hexagonal

oxides, ferrimagnetism competes with magnetic frustra-
tion because of the triangular geometry of the kagom�e
layers. Such a statement is also supported by the recent
study of the isostructural “114” hexagonal cobaltite
YBaCo4O7,

13 which shows that 1D magnetic ordering
competes with 2D magnetic frustration.
ACMagnetic Susceptibility Studies.Themeasurements

of the ac magnetic susceptibility χ0ac(T,f) were performed
in zero magnetic field (Hdc = 0) at different frequencies
ranging from 10 to 10 000 Hz, using a PPMS facility. The
amplitude of the a.c. magnetic field was ∼10 Oe. The
evolution of the real part χ0(T) and the imaginary part
χ00(T) of the susceptibility versus temperature at different
frequencies for the two end members of the series, x =
0.40 (Figure 7) and x=1.50 (Figure 8) sheds light on the
complex nature of the magnetic ground state of these
oxides. The χ0(T) curves (Figure 7a and Figure 8a) exhibit
a maximum at Tmax(ac), which is slightly higher than the

Figure 4. dM/dT vsT for YBaFe4-xZnxO7. Inset (a) shows the variation
of Tinf with x, inset (b) shows the variation of ΔT1/2 with x (see text for
details).

Figure 5. M(H) for YBaFe4-xZnxO7 at T = 5 K. Inset (a) shows the
variation ofHC with x, inset (b) shows the variation ofMr with x.

Figure 6. (a) M(H = 5 T)/Mr vs x, (b) M(H = 0 T) vs x for
YBaFe4-xZnxO7.

(16) Vijayanandhini, K.; Simon, Ch.; Pralong, V.; Caignaert, V.; Raveau,
B. Phys. Rev. B 2009, 79, 224407.
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peak values obtained from d.c. magnetic measurements
(Tmax(dc)), i.e., Tmax(ac) = 105 K at 10 Hz (Figure 7a and
Table 2) against Tmax(dc) = 83 K (Figure 3) for the x =
0.40 sample, and Tmax(ac) = 45 K (Figure 8a and Table 2)
against Tmax(dc) = 36 K for the x = 1.50 sample. Both

samples show frequency dependent peaks in the ac sus-
ceptibility measurements, i.e., as the frequency is in-
creased, Tmax(ac) shifts to higher values associated with a
decrease in the magnitude of χ0ac. This behavior strongly
suggests a spin glass17 or superparamagnetic behavior,
which will be discussed below. The peak observed in the
real part (in-phase component) of the magnetic suscept-
ibility (χ0ac(T)) at a frequency of 10Hz decreases from 105
to 45K as the doping concentration is increased from x=
0.40 to x = 1.50.
The plot of the imaginary part of the a.c. susceptibility

(Figure7bandFigure 8b) showthat themaximumofχ00ac(T)
appears at a lower temperature than themaximumofχ0ac(T),
and is also frequency dependent. We note here that for the
x=0.40 sample, themagnitude of the peak in χ00ac is largest
for the lowest frequency measured (11 Hz). On the other
hand, for the x= 1.5 sample, the magnitude of the peak in
χ00ac is largest for the highest frequency measured (10 kHz).
This indicates that the inverse mean relaxation time of the
spin system for thex=0.40 sample is lower than that for the
x=1.50 sample. This is in accordance with the values of the
spin relaxation time τ0 obtained later from the fittingof the a.
c. susceptibility data (τ0(x=0.40) > τ0(x=1.50)) (see Table 2).
To check the existence of a spin glass behavior or of

cluster glass behavior, we have analyzed the frequency
dependence of the peak in χ0ac(T) using the method pre-
viously developed by Br�eard et al.,18 starting from the
dynamic scaling theory,17 which predicts a power law of
the form τ= τ0[((Tf-TSG)/TSG)]

-zv,where τ0 is the shortest
relaxation time available to the system, TSG is the under-
lying spin glass transition temperature determined by the
interactions in the system, z is thedynamic critical exponent,
and ν is the critical exponent of the correlation length. The
actual fittings were done using the equivalent form of the
power law ln τ=ln τ0- zνln((Tf-TSG)/TSG).The remark-
able linearity obtained for the plots of ln τ versus ln((Tf-
TSG)/TSG) using the fit parameters, shown inFigure9, indi-
cate that these samples well obey the behavior expected

Figure 8. (a) Real (in-phase) and (b) imaginary (out-of-phase) compo-
nent of ac susceptibilities for YBaFe2.5Zn1.5O7 as a function of tempera-
ture measured using a frequency range 10 Hz to 10 kHz.

Figure 7. (a) Real (in-phase) and (b) imaginary (out-of-phase) compo-
nent of ac susceptibilities for YBaFe3.6Zn0.4O7 as a function of tempera-
ture measured using a frequency range 10 Hzto 10 kHz.

Figure 9. Plot of ln τ vs ln((Tf- TSG)/TSG) for (a) YBaFe3.6Zn0.4O7 and
(b) YBaFe2.5Zn1.5O7 (for details, see text).

(17) Hohenberg, P. C.; Halperin, B. I. Rev. Mod. Phys. 1977, 49, 435.
(18) Br�eard, Y.; Hardy, V.; Raveau, B.; Maignan, A.; Lin, H.-J.; Jang,

L.-Y.;Hsieh,H.H.; Chen,C. T. J. Phys.: Condens.Matter 2007, 19,
216212.
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for a spin glass like system. Similar fittings were per-
formed for all the other samples of the series, and the
extracted parameters of this study have been listed in
Table 2.
The parameter p = (ΔTf/Tf)/(Δlog f) is known to vary

from 0.004 to 0.02 for canonical spin glass systems. The
value of p that we obtain for the two end members of the
series under investigation are p = 0.015 (for the x = 0.40
sample) and p = 0.020 (for the x = 1.50 sample). (Note:
For superparamagnetic materials, the value of p is higher
(∼0.1), and so we discard the possibility of these oxides
being superparamagnetic.) In spite of the fact that the value
of p is quite similar for the two end members of the series,
the fact that the shape of the ac susceptibility versus
temperature is quite different in the two cases gets reflected
in the values of the parameters τ0 and zν. In fact, for the
lower zinc concentrations (x= 0.40 to x= 0.90), the spin
relaxation time τ0 lies in the range of values typical of
canonical spin glasses (1� 10-10 to 1� 10-12 s) 19-21, and
the zν values lie between 6 and 10. However, as the zinc
concentration is increased beyond x= 1, the τ0 values are
much smaller, and the zν values obtained are above 10.
Thus, the power law model provides a satisfactory descrip-
tion of our ac susceptibility data.

Conclusion

The present study of the zinc substituted “114” oxides
YBaFe4-xZnxO7 shows that the substitution of zinc for
iron in the YBaFe4O7 oxide induces a ferrimagnetic
behavior, in spite of the diamagnetic character of Zn2þ,

but that these magnetic interactions compete with a spin
glass or a cluster glass behavior as the zinc content is further
increased. In fact, the shape of theM-T curve obtained for
this series of oxides (sharp decrease in the ZFC curve at
lower temperatures with saturation of FC curve) is very
similar to that reported for various alloys showing
mictomagnetism22-24, i.e., coexistence of frustrated spin
clusters and ferrimagnetic spin regions. This competition
between ferrimagnetism and magnetic frustration can be
understood by considering the structure, or more exactly
the iron lattice of these oxides. The cubic structure of
YBaFe4O7 (Figure 1a) forms a tetrahedral [Fe4]¥ lattice
of Fe4 tetrahedra sharing apexes (Figure 10a), very similar
to the [Ln4]¥ lattice observed in pyrochlores. As previously
shown for these compounds, this tetrahedral framework
exhibits a complete 3D geometric frustration, and conse-
quently one observes, like for the pyrochlores,25 a spin glass
behavior.10 As soon as a part of Zn2þ is substituted for
Fe2þ, i.e., forYBaFe3.6Zn0.4O7 (x=0.40), the structure be-
comes hexagonal (Figure 1b), forming a different [Fe8]¥
lattice (Figure 10b), built up of rows of corner-sharing
“Fe5” trigonal bipyramids running along “c”, and inter-
connected through “Fe3” triangles in the “a b” plane. As a
consequence, the zinc substitution induces a lifting of the
geometric frustration, favoring the appearance of magnetic
ordering, as previously observed for hexagonal CaBa-
Fe4O7, which is known to be ferrimagnetic.9 In fact, such
a hexagonal framework could be regarded as composed of
ferri (or ferro) magnetic rows running along “c” formed

Table 2. Parameters Extracted from Fitting of AC Magnetic Susceptibility Data

doping
concentration (x)

Tmaxfrom χ0(T)
at f = 10 Hz (K) p

spin relaxation
time τ0 (s)

spin glass transition
temperature TSG (K) zν

0.40 104.5 0.015 (1.95 ( 0.04) � 10-10 100.44 (7) 6.2 (1)
0.50 95.4 0.014 (8.14 ( 0.04) � 10-11 92.30 (3) 6.6 (2)
0.60 91.8 0.013 (3.09 ( 0.08) � 10-11 88.04 (2) 6.9 (2)
0.80 79.8 0.011 (1.11 ( 0.04) � 10-11 76.05 (2) 7.3 (1)
0.90 75.8 0.011 (2.93 ( 0.01) � 10-12 72.96 (6) 7.4 (1)
1.25 56.0 0.015 (8.75 ( 0.09) � 10-13 54.26 (2) 10.8 (2)
1.50 44.8 0.020 (3.75 ( 0.04) � 10-15 40.63 (6) 13.6 (4)

Figure 10. Schematic representation of (a) cubic YBaFe4O7 and (b) hexagonal CaBaFe4O7. For details, see text. Adapted with permission from ref 11.
Copyright 2009 Royal Society of Chemistry.
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by the “Fe5” bipyramids, whereas in the “a b” plane, the

triangular geometry of the iron lattice is maintained so

that a bidimensional magnetic frustration is still possible,

and may compete with the 1D magnetic ordering along

“c”. However, the presence of zinc on the iron sites tends

to weaken the magnetic interactions because of its

diamagnetic character by dilution effect, and the cationic

disordering on the Fe/Zn sites favors the spin glass

or cluster glass behavior. As a consequence the ferri-

magnetic behavior decreases at the benefit of the spin

glass or cluster glass behavior as the zinc content

increases beyond x = 0.40.

A neutron diffraction study of these glassy ferrimagnets
will benecessary todetermine theexactdistributionof zincon
the two different sites of the structure and to understand the
complex nature of the magnetic states that arise from the
competition between ferrimagnetism and magnetic frustra-
tion. The possibility of phase separation should also be
considered.
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