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Abstract

Single-phase perovskite-type manganese oxides Lag ¢75r¢ 33— ,Cu,MnO;3 (x = 0.10, 0.15, y = 0.00, 0.03) poly-
crystalline samples were synthesized by sol-gel method, where x is the fraction of Cu doped at Sr site, y is the fraction of
Sr vacancy. The X-ray diffraction analyses of the samples revealed that all the samples are single-phase with perovskite
structure. It is found that the room temperature magnetoresistance (MR) of Cu-doped sample with Sr vacancy is
obviously larger than the un-doped Lag ¢7Sr( 33MnO5 sample. Under an applied filed of 1.8 T, there is an MR maximum
23% of Lag ¢7Srg.15Cug.1sMnOs3 at 300 K, whose field susceptivity is about 17%/T below 1.2 T. This field susceptivity
around room temperature is highly improved as compared to one of the reported single-phase perovskite structure
materials. Therefore, it is important for the potential application of this MR material.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction (MR) magnitude of single crystals and epitaxial
thin films reaches a maximum only near their

Magnetoresistive properties of perovskite man- Curie temperature (7¢), which is not at room
ganite have been widely investigated in the past temperature, therefore severely limit their practical
few years owing to their importance for funda- utilities [5-8]. The colossal magnetoresistance
mental research and potential use in magnetic (CMR) for the general formula La;_,A,MnO;
device [1-4]. In general, the magnetoresistance (A=S8r, Ca, Ba, etc.), is generally understood in

terms of double-exchange (DE) interaction be-
tween Mn®" and Mn*". However, Mills et al. [9—
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CMR. A strong Jahn-Teller electron—phonon
coupling, arising from the deformation of the
Mn?*"O4 octahedra due to Jahn-Teller effect,
should play an important role. CMR in LaMnO;
has been reported without any divalent ion
substitution [12,13], from which Mn*"* ions can
be present by controlling La or oxygen deficiency
in stoichiometry. In this paper, we have studied
the Sr*" vacancy and Cu-doped dependence
of the magnetic propertiecs and MR of
Lag 67519 33_x—,CuMnO5; by X-ray diffraction,
magnetization, and the resistivity measurements.

2. Experiment

Polycrystalline samples Lag 67510 33— x—Cu,MnO;
(x =0.10, 0.15, y = 0.00, 0.03) were prepared by
the sol-gel method [14] as follows: stoichiometric
amounts of La,03, Sr(NO;3),, Cu(NO3), and
Mn(NO3), were dissolved in dilute HNO; solu-
tion. Suitable amounts of citric acid and ethylene
glycol as coordinate agent were added and a
completely homogeneous transparent solution was
achieved. This solution was subjected to slow
evaporation at 360K wuntil a highly viscous
residual was formed, and a gel was developed
during heating at 473 K for 24 h. Then the gel was
thermally treated at 873 K for 5h for the purpose
of organic precursor decomposition. After grind-
ing, all the samples were calcined in air at 1073 K
for 10h and furnace cooled. These powders were
pressed into pellets and then sintered in air at
1673 K for 12 h. This method has the advantage of
using low-temperature synthesis, which not only
results in smaller grains but also produces a high-
purity and homogeneous sample.

The phase identification of samples at room
temperature has been carried out by the X-ray
diffraction (XRD) with an 18 kW Rigaku max-RB
diffractometer with CuK, radiation in the 20
range of 10-90°. The magnetization measurements
were carried out with a Lake Shore vibrating
sample magnetometer (VSM) in the temperature
region of 300—400 K. We plotted a tangent line at
the maximum of |[dM/dT| along the curve of
magnetization versus temperature, then extrapo-
lated the tangent line to the temperature axis and

obtained a crossing point which is taken as the
Curie’s temperature (7¢). All the Curie’s tempera-
ture measurements were performed at applied field
0.05T. The morphology was obtained by S-570
scanning electron microscopy (SEM). The tem-
perature and magnetic field dependences of the
resistivity were measured (using Oxford Maglab
Exa Measurement System) with the standard DC
four-probe method and the applied field was
parallel to the direction of current.

3. Results and discussion

The structural characterization of the powder
sample was determined by means of X-ray
diffraction (XRD). The XRD patterns obtained
for typical powder samples with x =0.00, y =
0.00; x =0.15, y = 0.00 and x = 0.15, y = 0.03 are
shown in Fig. 1. The results indicate that the
materials are a single phase with perovskite
structure without any other secondary or impurity
phase, and the characteristic peaks are the same as
those of the perovskite previously reported [15].

Fig. 2 shows the SEM morphology for
Lag ¢7S1(.13Cug 1sMnO5; with heat processing first
at 873K for 5h then 1073K for 10h in atmo-
sphere. From Fig. 2 we know that the prepared
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Fig. 1. X-ray diffraction patterns for Lag 4751033 x—,Cu,MnO3
polycrystal powders.
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Fig. 2. SEM micrograph of Lag ¢7Srg.15Cug.1sMnO3z powder.

sample by the sol-gel method possesses homo-
geneously globular-shaped grains; the grain size is
about 150nm, but the larger grains of reunited
bodies of the smaller grains.

Fig. 3 shows curves of the magnetization versus
temperature for the compounds at applied field
0.05T. The compounds have a Curie’s tempera-
ture of 375, 333, 321, 335 and 305K for x = 0.00,
y=0.00; x=0.10, y =0.00; x =0.15, y = 0.00;
x=0.10, y=0.03 and x = 0.15, y = 0.03, respec-
tively, as shown in Table 1, which is determined by
the method as in Section 2 and Fig. 3. From Fig. 3
we know that the Curie’s temperature (7¢)
decreased obviously by Cu doped and Sr**
vacancy, and that their magnetization changes
with x and y. A few Cu-doped at Sr site can
increase magnetization, and Sr vacancy will
decrease magnetization.

The temperature dependence of the resistivity
measured in zero field and in an applied field
(18 T) for the samples Lao,67Sr0,23Cuo,10Mn03 (d)
and La0.67SroAlgCqu15MnO3 (b) are plotted in
Fig. 4. From Fig. 4 we know that resistivity of
polycrystalline Lag ¢7Srg.33_,Cu,MnO3 sample is
very small and its order is about 10~ >Qcm. Fig. 4
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Fig. 3. Curves of magnetization versus temperature for
La0_67Sr0_33,X,'VCuanO% X = 000, y= 000, X = 010, y=
0.00; x =0.15, y = 0.00; x = 0.10, y = 0.03 and x = 0.15, y =
0.03 at 0.05T.
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Fig. 4. Temperature dependence of the resistivity measured in

zero field and in an applied field (1.8 T) for both manganites:

Lag 67510.23Cu0.10MnOs3 (a) Lag67S70.18Cu0.1sMnO; (b); The
corresponding MR is also indicated.

also shows that the samples possess the metallic
conductivity at low temperature and the semicon-
ducting conductivity at high temperatures. The
transition is characterized by a resistivity max-
imum at the temperature 7p about 343 and 335K
for x = 0.10 and 0.15, respectively. As it is known,
metal-semiconducting transition temperature of
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Table 1

Magnetic transition temperature 7c, metal-semiconducting
transition temperature 7p, the maximum MRyax of MR
and corresponding to temperature Tyr for the
Lag 67510 33—, Cu,MnO3z compounds with different x and y

X y MRMA)((O/O)/TMR (K) Tp (K) TC (K)
0.00 0.00 6.8/360 370 375
0.10 0.00 28.5/328 343 333
0.15 0.00 24.5/320 335 321
0.10 0.03 20/328 339 335
0.15 0.03 23/300 307 305

the Lag¢7Sr9p33MnO;3 is about 370K, so the Tp
obviously reduced when Sr is substituted with Cu
in Lagg7Srg33MnO; partially. The Tp for both
samples are given in Table 1.

Define the magnetoresistance by MR(%) =
[po — pul/po x 100%, where p, and py stand for
the resistivities at 0 and 1.87T, respectively.
Application of a magnetic field considerably
reduces the resistivity over the whole temperature
range, so a negative MR effect can be observed for
all samples. We obtain the MR as a function of
temperature, which is also plotted in Fig. 4. The
value of MR increased then decreased with the
increase of temperature for both samples. So there
is maximum MR at a certain temperature; the
peak of MR is 28.5% at 328 K and 24.5% at 320K
for x =0.10 and 0.15, respectively. Although the
peak of MR decreased with the increase of Cu,
corresponding temperature of peak reduces to-
wards room temperature, which is a good
tendency for application of these materials. The
maximum MR (MRyax) and corresponding
temperature (Tr) for both samples are also given
in Table 1.

Fig. 5 shows the resistivity versus temperature in
zero field and in an applied (1.8T) for both
manganites: Lag ¢75r920Cup.;10MnO3; (a) and
Lag 67Srg.15Cup 1sMnO;3 (b), in which Sr vacancy
fraction are the same y = 0.03, but there the Cu
fraction is different. From Fig. 5 we know that the
resistivity of polycrystalline  Lag 7819 33_y_,-
Cu,MnOj; sample is very small and its order is
about 107>Qcm. The resistivity of samples pos-
sessed metallic conductivity at low temperature
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Fig. 5. Temperature dependence of the resistivity measured in
zero field and in an applied field (1.8 T) for both manganites:
Lag 67519.20Cu0.10MnO3 (a); Lag67Sr9.15Cuo.1sMnO;3 (b). The
corresponding MR is also indicated.

and the semiconducting conductivity at high
temperatures. The transition temperature Tp is
339 and 307K for x = 0.10, y = 0.03 and x = 0.15,
y = 0.03, respectively. It is observed that T7p
reduces largely comparing to the samples without
vacancy (y = 0.00). The MR versus temperature
also plotted in Fig. 5. We obtain the peak
magnitude of MR as 20% at 328 K and 23% at
300K for x =0.10, y =0.03 and x =0.15, y =
0.03, respectively. The MRy ax and Tyr are also
given in Table 1. So we reduced the corresponding
temperature of the maximum MR by Sr vacancy
and made this temperature close to room tem-
perature, which is important for the potential
application of this MR material.

The applied field dependence of MR was
measured for fields up to 6T at 300K for
Lag 675r9.15Cug 1sMnO3 and shown in Fig. 6. It
clearly indicates a larger response in magnetic
fields below 1.2T. Here we define the field
susceptivity by dMR(%)/dH, so the field suscep-
tivity is about 17%/T below 1.2 T. Thereby field
susceptivity around room temperature is highly
improved compared to the reported single-phase
perovskite structure materials. We can see that the
value of MR at 300 K increases with the increase
of field, and reaches 43.3% when the applied field
is up to 6T, at which it is still not saturated.
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Fig. 6. Field dependence of the MR at 300K for Lag 67Srq 5-
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4. Conclusions

In summary, Lag¢7S1033-—,Cu,MnO3 poly-
crystalline samples have been successfully synthe-
sized the by sol-gel method. The X-ray diffraction
analysis of the samples revealed that they are
single phase with perovskite structure. The Curie’s
temperature (7¢) and transition temperature (7p)
reduce greatly with increase of Cu-doped, so does
the temperature corresponding to the maximum
MR. Under applied field 1.8 T, we find that the
peak of MR is 28.5% at 328 K for La0_67Sr0_23—
Cug oMnO; and one is 23% at 300K for
Lag ¢7S1g 15Cug 1sMnO5. As is known, the max-
imum MR of Lag ¢7Srg33MnQO3 is less than 7% at
360K and less than 3% at room temperature,
so we raised the room temperature MR and

maximum MR by Sr substitution with Cu and Sr
vacancy obviously. It is important for the potential
application of perovskite manganites.
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