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MAGNETIC FRUSTRATION IN M-Fe-V-O SYSTEM
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Vanadium compounds from the M-Fe-V-O (M (II) = Zn (II), Mg (II), Cu (II), Mn (II) and Co (II)) system containing magnetic and
nonmagnetic ions in the cationic sublattices exhibit structural randomness (iron ions could occupy different positions of ions M(II)).
Oxygen deficiency observed in these compounds may be responsible for the emergence of competing magnetic interactions which
prevent the formation of long-range magnetic order at high temperatures. Study of the temperature dependence of magnetic
susceptibility and electron paramagnetic resonance (EPR) spectra of compounds from the M-Fe-V-O system has revealed the
presence of significant spin frustration. It may be due to the Fe® * ions located in cationic sublattices. Magnetic measurements of
these systems showed the existence of strong antiferromagnetic interaction at high temperatures with high value of the Curie-Weiss
temperature. Competing magnetic interactions allow to formation of long range magnetic order only at low temperatures. In
particular, the static magnetic susceptibility for the M,FeV;0,; (M(II)= Zn(II) and Mg(II)) compounds has revealed the existence of
antiferromagnetic interaction between the Fe* * spins with the Curie-Weiss temperature of ® = -55 K and the phase transition to a
spin glass state at T, = 2.5-2.8 K. Strong changes of the EPR parameters were observed at about 50 K. Similarly, in M;Fe V0,4
compounds the high-temperature long-range magnetic order was not registered. For these compounds the Curie-Weiss temperature
is high. Competition and frustration of magnetic processes may be responsible for the lack of long-range order at high temperatures
despite the presence of a strongly coupled correlated spin system.

INTRODUCTION

Since the discovery of Kagome system (M;V,0g (M(II)
= Cu(Il), Ni(IT) and Co(II)) with polyphase magnetic
states the magnetic frustration phenomena have been
intensively studied (Rogado et al. , 2003; Balakrishnan
et al., 2004; Lawes et al., 2004; Lawes et al., 2005;
Szymczak et al., 2006). The real microscopic quantum
effect manifests itself by plateau and a step change in
the temperature dependence of magnetization
(Kageyama et al.,, 1999; Matsuhira et al., 2002;
Moessner & Sondhi, 2003; Cabra et al., 2002; Narumi et
al., 2004; Ono et al., 2004; Hida, 2001; Zhitomirsky,
2002; Honecker et al., 2004; Shnack et al., 2001;
Schulenburg et al., 2002; Ramirez et al., 2002; Richter
et al., 2004). These systems hold promise of new
opportunities in practical applications (Zhitomirsky,
2003). These systems are in glass spin [Canals &
Lacroix, 1998] or in frozen spin states (Ramirez et al.,
1999; Bramwell & Gingras, 2001). Measurements of the
temperature dependence of the specific heat have
showed the existence of phase transitions at
temperatures of 6 and 11 K (Balakrishnan et al., 2004).
Vanadium compounds in the M-Fe-V-O (M (II) = Zn
(II), Mg (IT), Cu (II), Mn (II) and Co (II)) system exhibit
structural randomness in the cation sublattice as well as
oxygen deficiency that play an important role in

magnetic ordering processes at high temperatures
(Guskos et al., 2003; Guskos et al., 2004). Trivalent iron
ions in different sublattices (competing magnetic
effects) may be responsible for the frustration of the spin
system (Likodimos et al., 2004; Guskos et al., 2006a;
Guskos et al., 2007c). Dc magnetic susceptibility of
M,FeV;0;; M(I) = Zn(Il) and Mg(II)) compounds has
showed the presence of a strong antiferromagnetic
coupling with Curie-Weiss temperature, 8 = -55 K, and
the phase transition to spin glass state at Ty= 2.5-2.8 K
(Lafontaine et al., 1994; Wang et al., 2000). These
compounds are interesting in many applications
(Zolnierkiewicz et al., 2006; Binder & Young, 1986).
Introduction of additional magnetic ions (eg
Ni,FeV;0;;) may lead to more complicated magnetic
structure (Guskos et al., 2006b; Guskos et al., 2007d).
Thermogravimetric measurements of the ZnsFes;VsOy4
compound have suggested the existence of processes
related to oxygen deficiency (Zolnierkiewicz et al.,
2008a; Zolnierkiewicz et al., 2008b). Analysis of the
EPR spectra of the M,InV;0,; non-magnetic compounds
M (I) = Zn (II) and Mg (II)) showed that the spectra
could be attributed to complexes involving vanadium
ions at a low level of oxidation (Jaccarino & King,
1990). Antiferromagnets have geometrically frustrated
spin-glass states and the random distribution of
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magnetic fields (Belanger & Young, 1991; Ramirez et
al., 1994).

The aim of this report is to present our work on
magnetic properties of compounds from the M-Fe-V-O
system. They were studied by dc magnetization and
magnetic resonance technique.

RESULTS AND DISCUSSION

Figures 1 and 2 present the crystallographic structure of
the Mn;3Fe;V40,4 compounds. It consists of two
sublattices of iron ions and two sublattices of cation
(magnetic or not magnetic). Disordering processes
causing distribution of iron ions in a cationic sublattice
are not so evident in these compounds as in MFeV30y;
(Guskos et al., 2003; Guskos et al., 2004; Guskos et al.,
2005; Bezkrovnyi et al., 2005).

Fig. 1. Alignment of the iron Fe (1) and Fe (2) dimers, and their
surrounding by vanadium tetrahedral.

Fig. 2. Spatial arrangement of iron and manganese units in the
MnsFe Va4 structure.

Figures 3 and 4 present the temperature dependence of
magnetic susceptibility of the Mg;Fe V50,4 compound
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[8]. The nature of the observed changes is similar in that
a strong antiferromagnetic interaction with the Curie-
Weiss temperature ®=- 111 (1) K (and ®=- 50 (1) K for
Mg,FeV;0,) is registered (Likodimos et al., 2004;
Guskos et al., 2006a; Guskos et al., 2007¢). The long-
range antiferromagnetic order is only observed at low
temperatures (Fig. 4). Temperature dependence of x'(T)
is qualitatively similar for all compounds after the
application of high magnetic field, what is particularly
evident at low temperatures. This type of dependence is
often observed in frustrated antiferromagnets, especially
if diluted magnetic ions in the lattice are present. This
implies the presence of antiferromagnetically correlated
spin clusters and the relatively loose spins (Tobo et al.,
1996; Gorun & Lippard, 1991).
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Fig. 3 Temperature dependence of inverse magnetic
susceptibility, X-l = (MZFC / H)-l, for Mg;Fe4V6024 at H= 100
Oe and 50 kOe. The solid lines are Curie-Weiss fits for high
temperatures (T> 60 K) (Likodimos et al., 2004; Guskos et al.,
2006a; Guskos et al., 2007c).
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Fig. 4 Temperature dependence of ZFC and FC magnetization for
two different values of magnetic fields for the Mg;FesVOo4
compound at low temperatures.
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Figure 5 shows the observed EPR spectra for the
M;Fe V0,4 compounds at room temperature. The
linewidth of the resonance line depends on the type of
used ions. EPR line broadens with decreasing
temperature, while decreases rapidly at low temperatures
(for T< 30 K). At low temperatures, after disappearance
of the main resonance line, many weak and narrow
resonance lines appear, which are likely to come from
other paramagnetic centres such as complexes of V(IV)
ions (Zolnierkiewicz et al., 2008a; Zolnierkiewicz et
al., 2008b) or Fe(Ill) at sites of low-symmetry of the
crystal field. Analysis of lineshapes showed that lines
can be properly fitted by Lorentzian function.
Resonance absorption signal includes also contribution
from the negative fields due to linearly polarized
microwave field. This contribution has a significant
effect when the linewidth is comparable with the
resonance field. Distortion of the shape of the resonance
line and its broadening suggests the long-range magnetic
order at high temperatures.
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Fig. 5 EPR spectra of M3Fe V0,4 (M(II)=Co(1I), Cu(Il), Mg(II),
Mn(II) and Zn(II) compounds at high temperature.
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Fig. 6 Temperature dependence of g (left axis) and linewidth
AH,, (right axis) for the Mg;Fe; V60,4 compound.
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Figure 6 shows the temperature dependence of g.x(T)
and the resonance linewidth AH,,(T) obtained by fitting
of the experimental spectrum by Lorentzian function.
Significant change is observed for both parameters at
temperatures below 80 K, and above T~ 8.5 K and T,~
3 K (Fig. 4). Broadening of the linewidth in the
(3<T/Tn<10) temperature range observed often for AFM
dielectrics is usually associated with the change of static
magnetic susceptibility (Tobo et al., 1996; Gorun &
Lippard, 1991). Temperature dependence of the
resonance linewidth AH,,(T) can be represented by the
following relationship: AH,,(T)=[x.(T)/x(T)]JAH, where
%(T)=C/T is a free single-ion magnetic susceptibility, C
is a Curie constant of the coupled paramagnetic system,
while y (T) is the static magnetic susceptibility and AH,
is temperature independent linewidth (at high
temperatures) combined with a contribution from the
anisotropic spin-spin interaction (Likodimos et al.,
2004; Guskos et al., 2006a; Guskos et al., 2007¢). In
this case, for [AH,,(T)yo(T)/AHyx(T)] a2 minimum at 90
K is observed, and there is correlation with a shift
towards smaller fields of g.x(T) factor. Additionally, the
temperature dependence of the product I-T shows a
minimum at about 90 K (Fig. 7).
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Fig. 7. Temperature dependence of the integrated intensity I(T)
and the product I.T (right axis) for Mg;FesV¢Oo4. Solid lines
present the fitting for Fe(III)-F(III) dimer model (Likodimos et
al., 2004; Guskos et al., 2006a; Guskos et al., 2007¢).

Measurements of dc magnetization and analysis of the
EPR spectra in the M;3Fe V40,4 compounds have
revealed the existence of significant magnetic frustration
due to the loss of oxygen and non-equivalence of two
magnetic sublattices. DC magnetic susceptibility has
showed that the spin freezing at low temperatures can be
produced in two magnetic sublattices with Ty= 3K and
6K, and there is a strong correlation between the AFM
spins at high temperatures. EPR studies showed the
presence of AFM interactions and revealed the
contribution of the magnetic ordering processes at
around 230 K, although the static magnetization
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measurements did not confirmed this finding. High
frequency EPR (HF-EPR) measurements allowed to
observe changes in the temperature dependence of g-
factor and to compare it with its measurements at low
frequency (X-band) EPR. Moreover, the use of HF-EPR
can isolate the dominant type of magnetic interactions
due to the application of very strong magnetic fields
(Guskos et al., 2009).

CONCLUSIONS

Structural and magnetic properties of M-Fe-V-O
vanadium compounds have been investigated. The
magnetic competition processes are responsible for the
lack of long range magnetic order at high temperatures.
At low temperatures the effects of spin frustration were
observed. The disorder of magnetic ions in their
sublattices and the oxygen deficiency could play a
governing role in the magnetic competition phenomena.
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