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The synthesis and transport properties of Nd1xSrkCoO3 (x=0.30, 0.40, 0.50) composite oxides are investigated
in this paper. The cobaltites Nd1.,SrxCoO3 (x=0.30, 0.40, 0.50) samples were prepared in a high temperature
by traditional solid state reaction method. The magnetic data show that the system has long range
ferromagnetic order in high temperature. The Curie temperature Tc¢ increases, the ferromagnetism rapidly
increases, and the magnetic curve for x=0.50 samples reaches the maximum. After the transition from
paramagnetic to ferromagnetic phase, ferrimagnetic transition occurred at low temperature. Moreover, the
transport properties show when Sr content increase, due to the hole introduce, the resistivity of system clearly
decreases, reaching the minimum at x=0.5. The transition can be observed from the obvious insulator
conductivity to the weak metal conductivity. The peaks of MR are close to the Curie temperature, the
maximum is about 17.5%, and the peak value occurred about 175 K for x=0.50.

1. Introduction

The transport properties and magnetic studies under extreme conditions are one of the hot topics (Jirak et al.,
1985; Tsubouchi et al., 2002; Dho and Hur, 2006). Moreover, the research of magnetism has established the
basic theoretical system, such as band theory, crystal field theory and coordination field theory. A number of
models, such as double exchange model, were proposed. These are same as the results of existing magnetic
experiment. Since Helmot et al. discovered the colossal magnetoresistance effect in LazsBazsMnO; films
(Helmolt et al., 1993); the perovskite manganese oxide has been widely studied (Bindu et al., 2011; Anamitra
et al., 2012). As a unique group closely related to manganese oxides, cobalt oxide also attracts people's
attention (Sefaris-Rodriguez and Goodenough, 1995; Paraskevopoulos et al., 2001). Cobaltites provide a
unique opportunity for basic research on oxides (Davies et al., 2005). In recent years, the magnetoresistance
(MR) was found for cobaltites. In 1995, the magnetoresistance effect was found in La1.xSrkCoOj3 thin film, and
in 1997 magnetoresistance effect was found in the cobalt oxide LBaCo0,0s54(L=Eu, Gd) (Martin et al., 1997).
Moreover, studies on CMR effect have found that the intrinsic phase separation plays an important role in
understanding the physical characteristics of the system. Among them, La.xSrxCoQOs3 system is widely studied.
Due to the change of the spin state of cobalt ion, the transformation of spin state not only influences magnetic
characteristics, but also influences the electrical transport properties of the system. La1xSryCoO3 system exist
phase separation, that is, the ferromagnetic region is in the non-magnetic basement, and the spin glass is
located between the ferromagnetic cluster and the non-magnetic field, forming the spin glass interface layer of
the ferromagnetic cluster (Wu and Leighton, 2003; Uddin et al., 2017; Saron et al., 2016; Yang, 2017; Jubsilp
et al., 2018). The study of spin glass system plays an important role in the further study of CMR phenomenon.
Research on cobaltites system is still lags behind that of the manganese oxide. In order to better understand
the cobalt oxide system, it is important to further research cobaltites system.

In this paper, magnetoresistance (MR) effect and transport properties of NdxSryCoOs (x=0.30, 0.40, 0.50)
were studied systematically. Dc magnetic data show that the system has long range ferromagnetic order in
high temperature. The ferromagnetic properties were further determined, because the peak of ac susceptibility
appears near T¢. Transport characteristics show the transition from insulator to metal.
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2. Experiments
2.1 Materials

The raw materials adopt the ideal ratio of Co203, Nd2O3 and SrCOs. In order to remove the moisture in the
oxide Nd»O3, the thermal weight-differential thermal analysis (TG-DTA) test was performed before the sample
preparation. Test conditions are 10°C ~1100°C in the air, 10°C /min.

2.2 Synthesis of samples

TG-DTA test results show obvious peak in the two places of 280 °C and 420 °C. And the quality of Nd>O3 does
not change after 900 °C. As a result, the Nd>O3 was precalcined 4 h in 900 °C, for getting rid of some water
and other gases. Nd1xSrCoO3 (NSCO) was made by solid reaction method. Under the pressure of 8 MPa, it
is pressed into a circle piece. These pieces are about thickness of Tmm with the radius of 6.5mm, which were
fired in the air.

x=0.3
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Figure 1: The X-ray diffraction patterns of perovskite cobaltites Ndo 70Sr0.30C003

2.3 Characterization techniques

The X-ray diffraction pattern was tested using the Bede D' XRD spectrometer. Wavelength was 0.15406 nm.
Scan step were 0.02° and scan range is 20°~75°. Figure 1 shows a single phase of the sample with a<c/./2
<b. The test of magnetoresistance effect and transport characteristics was made by the Physics Property
Measurement System.

3. Results and discussion
3.1 Dc magnetization and ac susceptibility

Figure 2 is field cooled (FC) magnetization for Nd1.xSryCoO3 (x=0.30, 0.40, 0.50) samples, that is M (T) curve.
The test temperature condition is from 5K to 300K, dc magnetic field is 1,000 Oe.

Low doping samples of NSCO (x<0.20) are spin glass (SG) state, that is, the short-range ferromagnetic (FM)
particles is in the non-magnetic insulation basement. The ferromagnetic order was located in the insulation
basement which formed the magnetic moment disordered interface layer or surface layer. The spin glass
phase is likely to be in the interface layer between FM cluster and non-magnetic insulation substrate. The
NSCO system has an inherent phase separation, and some literatures give a phase diagram of the NSCO
system (Fondado et al., 2001; Stauffer and Leighton, 2004). When x<0.20, NSCO is spin glass phase, but
0.20<x<0.50 NSCO is characterized by ferromagnetic order.

In Figure 2, all curves present ferromagnetic order characteristics and the value of M(T) increases clearly near
the Curie temperature Tc. With the increase of doping, the Co*" ions increase, the double exchange function
was enhanced, the size and number of ferromagnetic particles increase, so that the x>0.3 system shows
ferromagnetic order characteristics in high doping. Under field cooled condition, the spin of the ferromagnetic
cluster was consistent with the orientation of the external field, causing the large magnetization to appear near
Tc. As is shown in Figure 2 the Curie temperature T¢ of the three samples (x=0.30, 0.40, 0.50) respectively is
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145.7 K, 169.2K and 175.5 K. With the increase of x, the T¢ increases, the ferromagnetic properties clearly
increase, and the magnetic curve for x=0.5 samples reaches the maximum.

Near the Curie temperature Tcin the M (T) curve, ferromagnetic behavior appears, but at low temperature, the
magnetization shows a decreasing trend. After the transition from paramagnetic to ferromagnetic phase,
ferrimagnetic transition occurred at low temperature. The experiment results of neutron diffraction showed that
the decrease of magnetization for NSCO system which was caused by ferromagnetic order at low temperature
(Krimmel et al., 2001). The reason is due to the antiparallel arrangement of cobalt ions and neodymium ions,
that is, the anti-ferromagnetic coupling of Nd**and Co*'/Co** magnetic moment. Since the exchange function
between neodymium ions and cobalt ions is not strong, the ferrimagnetic transition occurs at low temperature.
As can be seen from the magnetization curve, as x increases, the temperature of ferrimagnetic order Treni
increases. The coupling effect between Nd** and Co*'/Co*" increased with the increase of doping Sr, so the
temperature of ferrimagnetic transition Trer appeared at higher temperature.
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Figure 2: Field cooled magnetization of perovskite cobaltites Nd;xSrxCoO3 (x=0.30, 0.40, and 0.50)

For x=0.30, 0.40, 0.50 samples, the peak value of susceptibility occurred about 144 K, 169 K and 175 K
respectively. The peak value is near the Curie temperature T¢, and the peak value does not change with the
frequency, indicating that the x’(T) is the same as the test data of M (T) curve. From the x'(T), samples
showed the ferromagnetic behavior as we expected.

When the doping x increases, the ac susceptibility of the sample gradually increases. This is same as the test
results of the M (T) curve. When doping Sr increase, the size and number of the cluster increases and the
ferromagnetism of samples increases. The relation between the imaginary components and the measurement
frequency show the %" (T) (not shown) also increases significantly with increasing x content. The peak
temperature of %"(T) of the sample is lower than the peak temperature of x’(T), but they are very close. This
result is consistent with the results of La1xSrkCoO3 system.

3.2 Resistivity and magnetoresistance

The carrier in metal and semiconductor will be directed motion in the field, but they will also be scattered by
impurities and lattice vibrations (Zhou et al., 1997; Zhou and Goodenough, 1998). Multiple factors compete
with each other and eventually reach equilibrium, thus forming a steady state transport mechanism. In the
zero magnetic fields, we carried out the electrical transport property test by using the four-electrode method in
the range of 10 K ~300 K. The curve of the resistivity p (T) for Ndo.70Sr0.30C00O3 sample is presented in the
figure.

We can see from the Figure 3, there is no insulator-metal (IM) transition in curve throughout the test range.
dp/dT<0, it is always the semiconductor property, i.e. the p increases when the temperature decrease. In
Figure 3, the curve of the conductivity o(T) for x=0.30 was given. This sample is near vicinity of insulator-metal
transition. When the temperature is approximately zero, the conductivity is about zero.
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Figure 3: The curves of the resistivity and the conductivity of Ndo.70Sro.30C003

In the cobaltites system, with the increase of Co™ content, the Mott variable range hopping (VRH) becomes
the main mechanism of conduction (Shafarman et al., 1989; Ziese, 2001):

p(T)=poexp[(T,/T)"*] Q)

In the equation, Ty is the characteristics of temperature, and pyg is its resistivity. Figure 4 shows the fitting
results of experimental data with VRH model.
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Figure 4: Temperature dependence of the resistivity of Ndo 70Sro.30C003 shows that the best fit was the VRH

In Figure 4, when the relationship between resistivity and temperature is converted toInp—T'““, the curve of

the resistivity shows that the best fit with the VRH. The results are the similar to those obtained in the literature
(Li et al., 2016).

In Figure 5 show the electrical transport behavior for Nd1xSrkCoOs3 (x=0.30, 0.40, 0.50) in more detail. The
x=0.30 sample is exhibited the conductive property of the semiconductor. It can be seen that low doping
sample resistivity is relatively large. When Sr content increase, due to the hole introduce, the resistivity of
NSCO clearly decreases, reaching the minimum at x=0.5. As the doping x content increases, we can observe
that the transition from the obvious insulator conductivity to the weak metal conductivity. For x=0.40 sample,
there was an insulator- metal (IM) transition near Tc¢, but the p(T) for x =0.50 was metal conductivity

The inset of Figure 5 shows the MR (T) curve of the sample x=0.50. In the region dominated by
ferromagnetism the system exhibits metallic behavior and CMR in the vicinity of T¢, as show in Figure 5.
Generally, the magnitude of the magnetoresistance effect defined as:
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MR = (p(0)—p(H))/ p(0)x100% )

Where p(H) is the resistivity of the material when the external magnetic field is H=5 kOe, and p(0) is the
resistivity of zero field. The peak of MR was near the Curie temperature, the peak value occurred in about
175K. In the H=5kOe field, the MR value is about 17.5%, which is same as the La1xSrCoO3 system.
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Figure 5: Temperature dependence of the resistivity of Nd;«xSrkCoO3, Inset shows temperature dependence of
the magnetoresistance, for x=0.50

4. Conclusions

In summary, the synthesis and transport characteristics of Nd1.xSrCoO3 (x=0.30, 0.40, 0.50) composite oxides
are investigated in detail. The magnetization results presented that with the increase of x, the Curie
temperature Tc increases, the ferromagnetism clearly increases, and the M(T) curve of x=0.5 samples
reaches the maximum. The long range ferromagnetic order appeared in the high temperature. Furthermore,
the transport properties show when Sr content increase, due to the hole introduce, the resistivity of NSCO
clearly decreases, reaching the minimum at x=0.5. We can observe that the transition from the obvious
insulator conductivity to the weak metal conductivity. For x=0.4 sample, there was an insulator- metal (IM)
transition near Tc. The peak of MR was near the Curie temperature, the peak value occurred about 175 K for
x=0.50. In the H=5 kOe field, the MR value is about 17.5%.
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