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In this preliminary report, we present the impedance characteristics of poly-crystalline europium man-
ganite, a promising colossal magneto resistance (CMR) system investigated under optical (~5eV) and
magnetic (0.1 T) perturbations yielding some clues on the charge build-up and dispersion processes. This
may possibly be resulting from switching between ferromagnetic and anti-ferromagnetic phases through
acharge transfer transition mediated process centering Mn3*/4* 3d spins thereby meriting a more detailed
study correlating with magnetic measurements.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Giant magneto resistance effect facilitating better data storage
has revolutionized the digital world. In the same way the advent of
colossal magneto resistance (CMR) effect based on pervoskite type
lanthanide manganites is poised for significant enhancement in
data storage density eventually paving way for still greater leaps in
digital computing, provided temperature of the effect can be raised
suitably. Hence rare-earths/lanthanide manganites (Ln = La, Eu, Gd,
Dy, Tb) exhibiting exotic CMR properties constitute an important
system of materials both from fundamental and application stand-
points [1,2].

There is sustained increase in multi-faceted investigations on
various manganites covering academic and application interests, in
particular spin-density, switching behavior, configuration, colossal
thermoelectric power, interesting tunneling microscopy properties
and so on [3-7]. Although the spin-structure of Mn-sites deter-
mines the ferro-electric ordering in this system of materials, the
presence of lanthanide ions can also significantly modulate this
ordering and hence mulitferroic properties [8]. Of all the lan-
thanide manganites, the EuMnO3 system may be different because
this system exhibits some anomaly in anti-ferromagnetic order-
ing with respect to temperature [9]. Fortuitously the Eu3* ion can
exhibit intense photo-induced metal to ligand (Eu3*-02-) 4f72p~1
charge transfer transition in the energy region of ~5eV under
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optical pumping. Hence it is thought worthwhile to employ the
opto-impedance method [10,11] in conjunction with application
of magnetic field.

It is pertinent to note that there is already a report on change
in photoconductivity of these manganites upon illumination using
UV or visible radiation [12].

2. Experimental details

Phase-singular polycrystalline EuMnOs; ceramic sample was synthesized
through a conventional multi-stage solid-state reaction in air-atmosphere with
intermittent homogenization steps. Because the synthesis conditions of the present
sample is different from that of the standard sample there may be some change
sample conditions, in particular the oxygen stoichiometry. Chemical phase purity
of the sample synthesized was ascertained in terms of X-ray powder diffraction pat-
tern consistent with standard JCPDS files # 26-1126 corresponding to the EuMnO3;
phase (Fig. 1). In this figure, the low intensity (~10%) of the XRD diffraction lines
beyond 26 > 45° causes some difficulty in clear matching with the JCPDS file. We
can observe a small shift in XRD lines towards to higher 20 values with respect
to the positions corresponding the JCPDS file indicating a marginal decrease in
interplanar d-spacing. The obtained XRD data were refined using a standard least
squares refinement procedure and the refined crystallographic cell parameters thus
obtained were consistent with standard values as given in Table 1, thereby con-
firming the chemical identity and integrity of the sample investigated. The oxygen
content of the EuMnOs; sample studied, must be having very crucial role in deter-
mining the magnetic, CMR properties. But in this preliminary report we could not
make any measurements on the oxygen content in the ceramics. For this reason
we prefer to indicate the sample studied using the formula EuMnO;_s with the +§
being the deviation from stoichiometry in the oxygen content of the investigated
sample.

For opto-impedance measurements, the experimental conditions were the same
as described before [11,13]. For opto-impedance measurements we used a 15W
short-wave UV lamp with 90% of radiation concentrated at Amax =254nm. The
ceramics sample used in this study was in circular disc form with dimensions, 20 mm
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Fig. 1. XRD pattern of EuMnO3 ceramics synthesized.

(diameter),2 mm (thickness)and the UV penetration depth in the sample is expected
to be in the range of 15-20 pm.

For magneto-impedance measurements, we used a cylindrical magnet of field
strength 0.1 £0.005T. Owing to experimental limitations we could carry-out
magneto-impedance measurements only at this field and in future we plan to extend
the study to low and high field ranges. In this report for reasons of brevity we present
impedance patterns of some representative examples of raw data and fitted data for
all samples/conditions.

3. Results and discussion

The solid state impedance profiles of polycrystalline EuMnO3
ceramics measured under different conditions are compiled in
Figs. 2-4. At room temperature, the solid state impedance pro-
file [complex plane impedance plot (CPIP) also referred as Nyquist
plot)] of the EuMnOj3 ceramics exhibits a semi-circular loop indi-
cating the presence of a classical Voigt element exhibiting some
dispersion in the low frequency side accompanied by a spiral like
tail attached in the high frequency end ~50kHz indicated by an
arrow (Fig. 2a). These features do not seem to undergo any spec-
tacular change at room temperature even under optical pumping
of UV photons. However upon application of magnetic field the spi-
ral like tail in the high frequency end undergoes some deformation
resembling overlapped linear patterns at the high frequency end as
indicated by an arrow (Fig. 2b).

On the other hand, when the sample is cooled down to liquid
nitrogen temperature (LNT), the impedance features change dras-
tically. At LNT, the impedance profile reduces to a linear profile
running nearly parallel to the y-axis indicating the presence of only
imaginary part of the capacitive impedance (Fig. 3c). While upon
optical/UV pumping, this linear impedance profile undergoes a
dispersion like feature wherein we observe a dispersed line accom-
panied by a semi-circular profile suggesting the re-emergence of
the voigt element (Fig. 3d) as well. Furthermore the application of
magnetic field results in the loss of spiral like feature in the high

Table 1

35,000 4
30,000 4 a

25,000

20,000 4

15,000 4

_ 10,000
& 5,000 ;
gL

mg

-5,000 4
-10,000 -
-15,000 -

-20,000 4

Zilng

0 10,000 20,000

Zrual

Fig. 2. Complex plane impedance plot of EuMnOs; synthesized. (a) Under normal
condition at RT (room temperature). (b) Under magnetic perturbation at RT (room
temperature).

frequency end (Fig. 4a and b). When cooled down to LNT, we can
see that the application of magnetic field makes the linear profile
to show an angle (Fig. 4c) indicating the presence of a resistive
component along with some capacitive impedance. Also it should
be noted that along with application of magnetic field, exposure
of the sample to UV radiation leads to a magneto opto-impedance
spectrum. The impedance spectrum thus obtained shows a more
diffused semicircle accompanied by a strong inductive loop in the
high frequency region ~50-100 kHz (Fig. 4d).

In the complex-plane impedance Nyquist plot a semicircular
impedance profile can be explained using an effective impedance

R JwR2C

= — 1
1+ w?R2C2 1+ w?R%C2 (1)

Least squares refined crystallographic unit-cell parameters for EuMnCb sample (space group-Pbnm).

Refined cell parameters (A)

Standard deviation (o)

System
a b c
JCPDS standard -#26-1126 also 25-0335 5.336 5.842 7.451 a, =+0.004
a, =+0.009
5.833 7.461 a.=+0.010

EuMnOs - as synthesized 5.332
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Fig. 3. Complex plane impedance plot of EuMnOs ceramics with and without UV (optical-perturbation), at room temperature (RT) and at liquid nitrogen temperature (LNT).
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Fig.4. Complex plane impedance plot of EuUMNO3 ceramics with and without UV (optical, magnetic perturbation), at room temperature (RT) and at liquid nitrogen temperature

(LNT).
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Table 2
Fitted parameters on opto-impedance characteristics of EuMnO3.
Temperature Impedance components C in farad R in Phase element (®) Remarks
and ohms
conditions
RT C1=2.7x10"",R;=3.13x 10 (V) 1.2x 1076 (0.329) Semi circular loop indicating
C;=2.1x10"2, Ry =4.4x 10° (V) voigt element.
Ry =3.453,R3=348.7 (S)
RT+UV C1=3.01x10""", R, =23 x10(V) 2.4x1079 (1) Semi circular loop Indicating
C;=43x10"1,R4=0.01 (V) voigt element
Ry =3361, R3 =2656 (S)
LNT C=15x10"" 2.34x1076(0.8) Charge build up suggesting
C;=1.1x10"6 capacitive impedance
LNT+UV R=4408 2.9x107°(0.8) Collapse of charge ordering,

1.9%x1079(0.8) reemergence of voigt element.

V: voigt element; S: series element.

with w, R, C, respectively being the angular frequency, ohmic resis-
tance and capacitance of the ceramic sample as the dielectric across
the silver contacts. But in actual measurement conditions, the sit-
uation turns out to be a more complex because of the presence of
various impedance components viz., grain-interior, grain-boundary
and contact electrode interfaces.

The opto-impedance and also the magneto opto-impedance
studies of this ceramic system are expected to be limited by the
skin—effect from the fact that wopgicas ~ 10> Hz > wapplieq ~ 106 Hz
reflected in the probe-depth § given by

2p
b ot 2)

with p, w, 1, respectively being the resistivity of the ceramics,
angular frequency of the applied/perturbation; p-magnetic per-
meability of the ceramic system. However this limitation can be
mitigated from the fact that the EuMnO3 ceramic system is of high
resistivity.

On careful comparison of the opto-impedance and magneto
opto-impedance spectra at room temperature it can be concluded
that the difference is not very substantial in terms of patterns and
magnitudes. The observation that at room temperature the Voigt
geometry remains intact even under optical, magneto-optical per-
turbations confirms this conclusion (Figs. 3a, b and 4a, b). On other
hand the situation turns out to be more interesting as the ceramic
sample is cooled down to LNT. The linear profile running nearly
parallel to the ordinate of the two-dimensional complex plane
impedance plot indicates a kind of charge build-up (Fig. 3c). In
the CPIP, the occurrence of a sloping line indicates an anomalous
dispersion behavior of capacitance [14]. More significant observa-
tion is that there is significant increase in the capacitance in the

high-frequency region (50-550 kHz) indicating a mammoth charge
build-up which may be in the bulk of the ceramics (Table 2). Fur-
thermore upon application of magnetic field the temporal-span for
this charge build-up process is further shortened (200-900 kHz)
(Fig. 4c).

The collapse of Voigt element followed by the emergence of a
capacitor element along with constant phase element(s) may lead
to some interesting conclusions. At LNT the collapse of Voigt ele-
ment and the sudden surging of charges suggesting mammoth
charge buildup in capacitance value indicates the presence of
just capacitor component alone. This clearly suggests a dominant
charge growth process in this system. Simultaneously for the resis-
tive component (R) it should be mentioned that either it is absent or
there is considerable decrease in resistivity which can be attributed
to an entirely different process viz., the CMR property leading to
enhanced conductivity at low temperatures.

Upon UV shining this charge build-up process seems to be
disturbed and the profile branches into two components viz., a
vertical component indicating a CPE in the high frequency region
(~50-100kHz) and a Voigt element in the low frequency region
(<50kHz). Of these two components the vertical component with
constant phase-element does not encounter any resistive part
while the latter encounters a significant resistance of the same
order as does at T=300K. In all fairness, this condition seems to
suggest a more conducting phase like a metallic conductor for the
former while an insulating phase for the latter. This is in line with
reports on emergence of two phases viz., showing ferro-magnetic
and anti-ferromagnetic ordering in several pervoskite-manganites
upon doping [15,16]. These two processes seem to compete with
each other and determined by various factors like temperature,
dopants [17,18]. It is important to note that at LNT, the mag-
nitude of impedance, also the constant phase element (&) of

Table 3
Fitted parameters on magneto opto-impedance characteristics of EuMnOs.
Temp and condition Impedance components (LCR) Cin L Henry Phase element (@) Remarks
farad R in ohms L in henry
RT + magnet C1=6.4x107°, R3=2538 (V) 1x10°1 5.6 x 108 (0.675) Semi circular loop indicating voigt
C;=1.7x107%,Rs =0.174 (V) element, at the high frequency end
R1=610,R;=1x 10*(S) some inductive loop superimposed.
RT +magnet + UV Ci=1.9x1071° Ry =3.4x 10% (V) 9.8x 1073 5.5x 1077 (0.02) Semi circular loop indicating voigt
R =648 (S) element, at the high frequency end
some inductive loop superimposed.
LNT + magnet Ci=1.6x10"", Ry =5.1 x 10° (V) - - Charge build-up along y-axis, inductive
C=2.6x10"12 R3=1824 (V) loop vanishes.
C3=13x1078,R4=5.2 x 102 (V)
R1=2791(S)
LNT +magnet + UV C1=4.73x 107", R, =915.9, 0.02 3.26 x 1078 (0.73) Re-emergence of voigt element with

C;=23x10719, Rs =1213 (V)
Ry =0.01, R =4.35 (S)

inductive loop.

V: voigt element; S: series element.
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Fig. 5. Schematics illustrating impedance measurement configuration and the profiles.

the linear component are same in both cases of dark and UV
shining.

It turns out that for the magneto opto-impedance results, the
CPIP acquires a more complex picture. The spiral like pattern
observed at room temperature indicating an apparent inductive
loop feature in the high frequency region undergoes a signifi-
cant modification upon magnetic perturbation. The application of
magnetic field is expected to perturb the spin structure of the
manganese ion(s) rather than europium ion(s). The 4f magnetic
moment due to Eu3* center(s) may get quenched at low tempera-
tures [19]. Also these rare-earth manganites exhibit modulated spin
structures eventually determining their polarization and dielec-
tric properties arising from frustrated exchange interactions having
profound dependence on ionic size of the lanthanide ions [8,20,21].
EuMnOs3 system having an acentric Pbnm orthorhombic lattice
symmetry exhibits giant magneto-capacitance effect attributed to
frustration in sinusoidal antiferromagnetic ordering at low tem-
peratures, in particular thermally induced anomalous behavior of
dielectric constant component &. of this manganite system [8].
On the otherhand, in the Mn-sites, the Mn3*/4* <~ 02-(2p~1) metal
to ligand type charge transfer transition lies in the UV region
(~37,000cm~1) in several manganese oxide matrices [22,23] being
very close to the energy of the optical perturbation. This charge
transfer transition being d <> p Laporte allowed is very intense and
can efficiently facilitate the charge transfer transition there by
accomplishing Mn3* to Mn** and back charge transfer transitions
through metal to ligand and ligand to metal charge transfer tran-
sitions respectively with the latter transition being energetically
more favorable [24]. The UV perturbation might lead to optical-
excitation and subsequent relaxation of Mn-centers leading to
photo-oxidation-reduction processes resulting in the formation of
aredox couple centering Mn-sites eventually leading to flip-fop in
the Mn-valence states between 3+ and 4+ states.

It has been reported that the Neel temperature (Ty) of the sys-
tem under investigation is known to be around ~50 K [25]. Hence it
seems reasonable to expect that the results of the present investi-
gation at LNT being closer to Ty might give some clues on switching
of magnetic ordering between anti-ferromagnetic to paramag-

netic phases. It is pertinent to note that the off-stoichiometry in
EuMnO3 composition either in europium content or oxygen vacan-
cies/defects can significantly influence the magnetic, also the CMR
properties [26]. Furthermore it is reasonable to expect that the
UV perturbation in the energy region corresponding to Eu-oxygen,
Mn-oxygen charge transfer transition regions may act as a switch
between ferromagnetic and anti-ferromagnetic phases. At this time
owing to experimental limitation we could not carry out any such
magnetic measurements.

From Table 3 we have that the presence or absence of induc-
tive component (L) and its value are very much dependent on
the kind of perturbation the sample is subjected to. The whole
process of opto-impedance, magneto opto-impedance can be pic-
torially schematized as given in Fig. 5. At LNT, the accumulation of
charges leading to pronounced enhancement in capacitance based
impedance in a particular the region is illustrated by collection of
aligned arrows in one electrode which upon optical (UV) pumping
partly gets dispersed while this process gets more compounded
upon magnetic perturbation interacting with electron-spin(s). This
condition may lead to an inductive impedance.

4. Conclusions

In conclusion we believe that this preliminary report may open
up some new possibilities for investigating the charge ordering-
dispersion property of this technologically important manganite
system meriting extensive studies. Further insights on magnetic
ordering property of this system may be possible using vibration
magnetometer studies which is planned for our future work.
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