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a b s t r a c t

The lanthanum manganites La0.8Sr0.2Mn1−xBxO3 (B = Ti or Cu, 0 ≤ x ≤ 0.4) were prepared by standard solid-
state reaction method. The structure, infrared absorption, electron spin resonance (ESR) and infrared
normal emissivity (εN) in the 8–14 �m waveband of the samples were systematically investigated. The
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samples are perovskite with distorted rhombohedral structure. Compared to x = 0 sample with εN value
0.693, infrared absorption occurred in the 8–14 �m waveband leads to high emissivity value of the B
site doping samples (εTi = 0.912 and εCu = 0.894), and the εN decreases slightly with increasing doping
level due to decreasing transition probability indicated by ESR results. The εN changes slightly in the
temperature range 293–373 K, from 0.9 to 0.882 for Ti doping and from 0.886 to 0.879 for Cu doping,

of the 3+ 4+

ptical properties
ight absorption and reflection

owing to the weakening

. Introduction

The ABO3-type lanthanum manganites have attracted much
ttention owing to their interesting physical properties, e.g. CMR
ffect. As La in A site is partially replaced by Sr, the sam-
le undergoes metal–insulator (MI) phase transition [1–4]. The
bove mentioned phenomenon has been explained by means
f double-exchange interaction between Mn3+ and Mn4+, and
lectron–phonon interaction relating to Jahn–Teller-type lattice
istortion of the MnO6 octahedra [5–8]. In general, infrared emis-
ivity of metal is low, while that of insulator is high. Thus, the
nfrared emissivity of Sr doped sample changes significantly with
emperature, which make them attractive as thermal control mate-
ial [9–11]. Since the Mn3+–O–Mn4+ network plays an important
ole in physical properties, several studies on doping at Mn site
ave been undertaken during the past few years. Aslibeiki et al.
ave reported that the substitution of Mn by Ti (0 ≤ x ≤ 0.075)

n La0.8Sr0.2Mn1−xTixO3 compound decreases the MI transition
emperatures and system becomes an insulator, which can be
xplained by the percolation model, and the reentrant spin glass
tate accompanied by the FM transition exists in high doped

amples [12]. The magnetic properties and low-field magnetore-
istance of La0.7Sr0.3Mn0.9Cu0.1O3 compounds have been studied
y Zhao et al., and the Mn-site substitution by various M could not
nhance the MR response at a low magnetic field of 2 kOe [13].
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Kallel et al. have reported that the substitution of 50% Mn with
Ti changes the structure of La0.5Sr0.5Mn0.5Ti0.5O3 compound from
the tetragonal to rhombohedral symmetry and cuts-off the long-
range ordering of Mn3+/Mn4+, hence, the localization of eg electrons
is suppressed and the CO is drastically destroyed by the doping
[14]. Castellano et al. have reported that the Cu substitution weak-
ens in a relevant and outstanding way the FM long-range phase
in the (La1−xCax)(Mn1−yCuy)O3 compound with x < 0.50 while the
CO phase in the second class of samples (x > 0.50) results to be
only slightly conditioned [15]. And the substitutions of other metal
ions for Mn have also been studied [16–18]. Then, what about the
infrared emissivity of B site doped manganites? However, studies
on the effect of B site doping on infrared emissivity of lanthanum
manganites have not been reported yet. In this work, we investi-
gated the structure, infrared absorption, electron spin resonance
and infrared normal emissivity (εN) in the 8–14 �m waveband of
B site doped lanthanum manganites La0.8Sr0.2Mn1−xBxO3 (B = Ti or
Cu).

2. Experimental procedures

A series of B site doped lanthanum manganites La0.8Sr0.2Mn1−xBxO3 (B = Ti or Cu,
x = 0, 0.1, 0.2, 0.3 and 0.4) were prepared by standard solid-state reaction method.
La2O3, SrCO3, TiO2, CuO and MnO2 were used as raw materials and La2O3 was fired
in air at 1173 K for 7 h before use. Ethanol was added as a milling medium together
with the raw materials. After milling for 12 h, the mixture was air-dried at 353 K

to remove the ethanol and calcined at 1273 K, and then pressed into discs with
polyvinyl alcohol. The samples were finally sintered at 1473 K for 24 h.

The structure of the samples was characterized by Bruker D8 X-ray powder
diffraction (XRD) using Cu K� radiation (� = 0.15405 nm) operated at 40 kV and
40 mA. Infrared absorption (IR) spectra were measured by NEXUS-670 Fourier trans-
form infrared spectrophotometer. Electron spin resonance (ESR) measurements

http://www.sciencedirect.com/science/journal/09258388
http://www.elsevier.com/locate/jallcom
mailto:xxxxmx@126.com
dx.doi.org/10.1016/j.jallcom.2010.03.169
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relaxation. Then, the extension of relaxation time results in the
narrowing of the linewidth.

Fig. 4 shows the relationship between infrared normal emis-
sivity (εN) in the 8–14 �m waveband and doping level (x) with
ig. 1. X-ray diffraction patterns of Ti and Cu doped samples (x = 0, 0.2 and 0.4). �,
indicate additional peaks in Ti and Cu doped samples, respectively.

ere performed at 9.236 GHz with the JES-FEIXG spectrometer using a microwave
ower of 0.4 mW and modulation amplitude of 3.2 G. The infrared normal emissivity
εN) was measured by the IR-2 infrared emissometer in the 8–14 �m waveband.

. Results and discussion

Fig. 1 shows the XRD patterns of Ti and Cu doped samples (x = 0,
.2 and 0.4), respectively. As can be seen from the figure, all of the
amples exhibit the characteristic peaks of the perovskite struc-
ure. For La0.8Sr0.2MnO3 (LSMO, x = 0) sample, a single perovskite
hase was detected and the separation of peaks at 2� ≈ 32.6◦, 40.3◦,
8.3◦ and 68.4◦ indicates that the sample is distorted rhombohedral
ith space group R-3c (a = 0.5518 nm, c = 1.3351 nm, JCPDS Card,
o. 53-0058). For La0.8Sr0.2Mn1−xTixO3 samples (a = 0.5557 nm
nd c = 1.3305 nm for x = 0.2, a = 0.5565 nm and c = 1.3284 nm for
= 0.4), the twin peaks of rhombohedral perovskite (3 0 0)–(2 1 4) at
� ≈ 58◦ and (2 2 0)–(2 0 8) at 2� ≈ 68◦ coalesced into single peaks.
his indicates that the perovskite lattice tends to a higher sym-
etry as Ti doped level x increases. When the dopant is 0.4, two
eak peaks were detected in addition to those of rhombohedral
erovskite. For Cu doped samples (a = 0.5559 nm and c = 1.3152 nm
or x = 0.2, a = 0.5592 nm and c = 1.3300 nm for x = 0.4), one weak
dditional peak was also detected for x = 0.4 sample. The pres-
nce of these weak additional peaks indicates the complex order of
he perovskite. In general, ordering lowers the symmetry, conse-
uently, the diffraction patterns have more peaks due to the fewer
ystematic absences. Thus, the order transformation of a crystal
tructure can frequently be detected by observing the appearance
f the superlattice reflections of the ordered structure additionally
o the fundamental reflection of that superlattice [19]. Therefore, a
ingle-phase of ordered structure for x = 0.4 sample was formed.

Fig. 2 shows the infrared absorption spectra of Ti and Cu doped
amples with different doping levels. From the figure, it can be seen
hat a single peak appears around 630 cm−1 for x = 0 sample, which
an be attributed to the internal stretching motion of the Mn ion
gainst the oxygen in MnO6 octahedron. Usually, there are three
honon modes in perovskite. The external mode, located around
70 cm−1, represents a vibrating motion of the La ions against
he MnO6 octahedra. The bending mode, located near 330 cm−1,
eflects an internal motion of Mn–O–Mn bond. The stretching

−1
ode, located around 600 cm , corresponds to an internal motion
f Mn–O bond [20,21]. For Ti doped samples, new peaks occurred
t 497 cm−1, 922 cm−1 and 1076 cm−1 in addition to 630 cm−1.
he slighter separation of peaks around 630 cm−1 and 922 cm−1

or x = 0.4 sample than that for x = 0.2 sample indicates a higher
Fig. 2. Infrared absorption spectra of Ti and Cu doped samples with different doping
levels.

symmetry of the structure. This is consistent with the XRD results
shown in Fig. 1. For Cu doped samples, the intense peaks occurred
at 497 cm−1 and 541 cm−1 may be due to the asymmetric vibration
in distorted crystal lattice. The broad absorption peak appearing
around 3400 cm−1 in the samples is a characteristic of absorbed
water.

Electron spin resonance (ESR) spectra of La0.8Sr0.2Mn1−xTixO3,
La0.8Sr0.2Mn1−xCuxO3 and La0.8Sr0.2MnO3 samples are shown in
Fig. 3. As can be seen in the figure, Ti and Cu doped samples show
paramagnetic (PM) signals and LSMO sample (x = 0) is in the ferro-
magnetic (FM) state. The intensity and width of the paramagnetic
line of x = 0.2 for Ti and Cu doped samples are larger than those
of x = 0.4 samples. The intensity results indicate that the concentra-
tion of single electron for x = 0.4 sample is lower than that for x = 0.2
sample, and intensity of Ti doped samples is higher than that of Cu
doped samples. With the doping level increasing (x = 0.4), the per-
ovskite lattice tends to a higher symmetry for Ti doped samples. On
the other hand, ordered structure leads to larger lattice distortion
(shown in Fig. 1), which results in the enhancement of spin-lattice
Fig. 3. Electron spin resonance spectra of Ti and Cu doped samples.
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Fig. 4. The relationship between infrared normal emissivity (εN) in the 8–14 �m
waveband and doping level (x) with different doping ions.
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ig. 5. The temperature dependence of the εN of x = 0 and 0.2 samples in the tem-
erature range of 293–373 K.

ifferent doping ions. From the figure, it can be seen that the εN
f LSMO (x = 0) is 0.693. As B site is doped (x = 0.1), the εN increases
rastically, from 0.693 to 0.912 for Ti doped sample and from 0.693
o 0.894 for Cu doped sample. According to Kirchhoff law concern-
ng the equality of the emissivity and absorptivity, this may be
ttributed to the strong absorption peaks in the 8–14 �m wave-
and appearing around 10.8 �m (922 cm−1), as shown in Fig. 2. For
SMO, no infrared absorption occurs in the 8–14 �m waveband.
owever, the εN decreases slowly with increasing doping level. The

nfrared reflectance results reported by Shimazaki in the 8–14 �m
aveband indicate that free electrons increase with increasing dop-

ng level, and the increased mobility of free electrons results in the
ecrease of εN [9]. Furthermore, the electronic orbit transition can
esult in high εN value. According to Fig. 3, the concentration of
ingle electron decreases with increasing doping level, indicating
ecreasing transition probability. Therefore, the εN decreases with
ncreasing doping level. This is also the reason for higher εN value
f Ti doped samples.

Fig. 5 shows the temperature dependence of the εN of
a0.8Sr0.2Mn0.8Ti0.2O3, La0.8Sr0.2Mn0.8Cu0.2O3 and La0.8Sr0.2MnO3
amples in the temperature range of 293–373 K. As can be seen

[

[

[
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from the figure, the εN of LSMO increases with increasing tempera-
ture and changes significantly in the temperature range 293–328 K,
from 0.693 to 0.818, due to the metal–insulator transition [11].
However, for Ti and Cu doped samples, the εN changes slightly in
the whole temperature range, from 0.9 to 0.882 and from 0.886 to
0.879, respectively. This may be related to the weakening of the
double-exchange interaction between Mn3+ and Mn4+. As B site is
doped by Ti or Cu ions, Mn ions are partially replaced by Ti4+ or Cu2+.
The Cu ions exist in Cu3+ form with low Cu doping (x ≤ 0.05) and
in Cu2+ form with x = 0.2 doping [22]. Then, the Mn4+/Mn3+ ratio
decreases and larger Ti4+ or Cu2+ ions compress the neighboring
Mn–O bonds, which results in the change of Mn–O–Mn bonds and
the weakening of the double-exchange interaction [23].

4. Conclusions

In summary, the substitution of Ti or Cu doping on B site for Mn
increases the infrared emissivity of lanthanum manganites, due to
the infrared absorption in the 8–14 �m waveband. Decreasing tran-
sition probability indicated by ESR results leads to the decrease of
emissivity with increasing doping level. The εN of B site doped lan-
thanum manganites changes slightly in the temperature range of
293–373 K, owing to the weakening of the double-exchange inter-
action between Mn3+ and Mn4+.
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