Available online at www.sciencedirect.com

sc.ENcE@D.REW

PHYSICS LETTERS A

ELSEVIER Physics Letters A 323 (2004) 473-476

www.elsevier.com/locate/pla

Influence of charge-ordering on the dielectric response
of La;_,Sr,MnO3

M.P. GutiérreZ, J. Mira*, J. Rivas

Departamento de Fisica Aplicada, Universidade de Santiago de Compostela, E-15782 Santiago de Compostela, Spain
Received 23 December 2003; accepted 11 February 2004

Communicated by J. Flouquet

Abstract

The low- and audio-frequency dispersions of the complex relative dielectric permittivity;of, Sy, MnO3 (x = 0.15 and
0.33) have been investigated. It is found thag kgSrp 19VINO3 shows an extra contribution to the dielectric response that is not
present in La,3Sr;,3Mn0Os3. This extra contribution makes the dielectric constant to be quite stable in a relatively high value
to at least 1 MHz and up to around 270 K. The difference between the dielectric responses of both materials is attributed to the
charge-ordered state and the polaronic regime that are preseny #23rg 1gMnO3 below its Curie temperature.
0 2004 Elsevier B.V. All rights reserved.
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1. Introduction It is worth then investigating alternatives to the
current resources. Our report on the finding of a
The technological applications of materials with high dielectric permittivity in the manganese-based
high dielectric permittivity make interesting any im-  perovskite P#/3Ca;,3MnOg3 [2,3] started a promising
provement of this property. Since the discovery of fer- line in which an important boost has been given by
roelectricity in single crystal materials in the 20s the Homes et al. [4], who found a dielectric constant of
field has developed rapidly [1] due to pressures of eco- ~ 80000 in CaCyiTi4O12, and more recently with the
nomic origin in parallel with the obvious scientific in-  report of similar values at room temperature and above
terest. In fact, ferroelectrics are the standard systemsin Lag 5Sro 5NiO4 [5].
used in industry to obtain devices based on strong di-  These results have created strong debate about the
electric responses. nature of the effect. Several groups have claimed
that it is due to extrinsic reasons [6,7]. In our first
— _ reports on the topic [2,3] we suggested that the
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2. Experimental details o/2n (Hz)

Fig. 1. Real part (dielectric constant,) and imaginary parte(’)

Lag—xSr:MnO3z (x = 0.15 and 0.33) polycrys-  of the complex relative dielectric permittivity of b Sri/3MNO3
talline samples were synthesized by solid state re- versus frequency at selected temperatures. The dissipative effects
actions from stoichiometric mixtures of £@s, SrO, are due to the contribution of “free” charge carriers only, as
Mn,O3 and MnQ. La,O3 was previously heated at concluded from the fit Qé,’/ measured al’ = 200 K shown in the '
1000°C for 8 h in order to eliminate CO The start- inset. Points are experimental data, the line corresponds to the fit.
: . . The labels of the inset axes are the same as those of the main figure.
ing materials were ground in an agata mortar and

then fired in air at 1100C for 70 h and 1300C for . . .
70 h with intermediate grindings. The X-ray diffrac- Where we will use complex quantities (with= +/—1)

tion powder analysis showed single phase. &r = &/£0 (e0 = 8.85x 1012 F/m) is the permittivity
The complex dielectric permittivity was measured Of fre€ space ana is the angular frequency.
with a parallel-plate capacitor coupled to a precision N Fig- 1 we show the real component of the
LCR meter Agilent 4284 A, capable to measure in relative permittivity (dielectric constanty;., and the
frequencies ranging from 20 to 46iz. The capacitor ~ imaginary component;’, of Lay/3SrsMnOgz in the
was mounted in an aluminium box refrigerated by reégquency range from 20 Hz to 1 MHz at several
liquid nitrogen, that incorporates a mechanism to temperatures. This system is an electncal conductor,
control the temperature. The samples were preparedwhlc_h.causes a drop of the dielectric constant to
to fit in the capacitor, and gold was sputtered on their N€gligible values above 1 kHz. o
surfaces to ensure good electrical contact with the !N order to obtain information about the origin of
electrodes of the capacitor. The measurements werethis dielectric response, that at first sight resembles a
carried out in pellets of about 1 cm of diameter and diffusion process [12], we have analyzed the imagi-

1 mm thick, prepared by pressing the powders at Nary component. This parameter describes the dissi-
6.4 torycm?. pation of electric energy, and, if it is assumed that the

material obeys Ohm’s law, the dc electric conductivity,
odc, ande! are related through the defining equation of

3. Results the Maxwell’s displacement current, giving [12,13]

T L el giel0) = ]/ () = = @
In their reaction to sinusoidal electric fields, the gow
frequency response of dielectrics can be expressed by(g;/die = contribution associated to true dipolar pro-
their complex relative dielectric permittivity [12]: cesses).
Using (2) we can separate the true conductivity cre-

er(@) = gp(0) —ig/(w), 1) ated by migrating charge carriers from any other polar
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Fig. 2. Real part (dielectric constant,) and imaginary parte{’) Fig. 3. Dielectric constant at selected frequencies vs. temperature,
of the complex relative dielectric permittivity of bgsSr.15MNO3 and zero field cooled (ZFC) and field cooled (FC) magnetization

versus frequency at selected temperatures. The plateaus hjth in (measured at a magnetic fielll = 120 Oe) of La gsStg.15MNnO3.
ande,’ are revealing the presence of another mechanism that gives |t is clear the correlation between the anomalous dielectric constants
rise to the dielectric constant in this system, out of the contribution  found in the system with its magnetic response.

of free charge carriers.

that the maxima of the dielectric response versus

dissipative action. The fits (an example is presented temperature are around 180 K, i.e., near the charge-
in the inset of Fig. 1) show that there are no other ordering transition point, marked also by the kink in
contributions different from the conductivity term, and the magnetic data at that temperature.
therefore the energy dissipation is due only to migra-
tion of charge carriers. The “giant” polarizabilities ob-
served at low frequencies in this perovskite can be ex- 4. Discussion
plained if we take into account the accumulation of
charge carriers at the sample-electrode interface. Ad- The dielectric behaviour of La,Sr,MnO3 with
ditionally, the observed dielectric spectroscopy can be x = 0.15 andx = 1/3 is very different, as it can be
explained assuming that the charge carriers dominateseen in Fig. 1. The difference is not only quantita-
with a relatively free possibility to move between the tive, but also qualitative. Fox = 0.15 ¢, decreases
electrodes of the capacitor, as suggested by Jonschemonotonically, whereas for = 1/3 there is a plateau,
in similar cases [14]. with a quite stable and high value of the dielectric con-
The dielectric response of bgsCay.1sMnO3 is stant up to the maximum frequency studied, 1 MHz.
qualitatively different, as is obvious from Fig. 2. What is the reason for that? As stated in the intro-
Although for low frequencies the behaviour is the duction, the main difference between both systems is
same as in Lg3Sr;3MnOs, a very high stable value  the charge ordered state present inthe 0.15 sam-
of dielectric constant is observed for frequencies ple. This seems to be another confirmation of the link
higher than about 500 Hz. This is a clear indication of between both phenomena, in line with the results ob-
the subsistence, within a single volume of the material, tained in Refs. [2,3,5], although now there is a dif-
of two differently dispersive mechanisms, of whichthe ference: in the case of £gCa;;3MnO3 the onset of
more strongly dispersive becomes important at higher the high dielectric response at high frequencies co-
frequencies. One of such mechanisms is responsibleincides with that of the charge ordering, but in the
for the plateau-like behaviour @f.. The analysis of case of La.g5Sr.1sMNn0O3 the high dielectric constant
e, versus temperature allows to observe that it sets is present above the starting temperature of the charge
in between 250-300 K (Fig. 3), like the magnetic ordering,Tco. Only at the Curie pointc, it starts to
ordered phase of the system. It is worth mentioning decrease. What happens betwéeg and 7c? Zhou
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bronic) regime in the rangéco < T < Tc. After our

result it is clear, therefore, that the charge ordered
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