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The LaMn,_,Te,0,.5(x=0.1, 0.2, 0.3) were synthesized using solid-state reaction method for the first time.
X-ray photoemission spectrum (XPS) shows that in the samples the Te ions have a valence of Te*, and
Mn** ions are partly converted into Mn** and Mn** due to the excess oxygen and Te doping. The mag-
netotransport associated with Mn?*, Mn** and Mn** was investigated. The experimental results show
that the samples are insulator at 0 T when the amount of Mn** is much larger or less than the sum of
Mn?" and Mn*; by contrast, the samples display metal to insulator transition with increasing tempera-
ture when the amount of Mn** is close to the sum of Mn®* and Mn**. These anomalous magnetotransport

behaviors were analyzed in the frame of the double-exchange (DE) mechanism.

colossal magnetoresistance, La-Te-Mn-O, magnetotransport

Doped LaMnO; have been widely studied due to a rich
variety of physical properties!' *. The prominent one is
the colossal magnetoresistance (CMR) effect, a phe-
nomenon of the resistive transition induced by the mag-
netic transition, and CMR is traditionally explained by
the double exchange (DE)"! interaction. The key role in
DE mechanism is played by Mn ions, the unique mag-
netic ions in LaMnOs, which affect not only the trans-
port behaviors of manganites by the network of Mn-O-
Mn, but also the magnetism of materials by the spin
variation of Mn ions.

As demonstrated by numerous studies, the valence of
Mn ions in the manganites varies with the dopant, which
is considered the intrinsic factor to understanding CMR
effect. Mn ions are usually all trivalent (Mn’") in
LaMnOs;.When La ions were substituted partially by
divalent ions, such as Ca2+, Sr** etc., some Mn®" would
convert into Mn4+, and Mn>"-Mn*" mixed valences are
formed in the stable manganites of LaHAXMnO3[5_8].
When La ions were substituted partially by tetravalent
ions, such as Ce4+, Te* ... etc., some Mn*" would con-

vert into Mn2+, which leads to the Mn®"-Mn’" mixed
valence in La;_ A, MnO; (A=Ce4+, Te4+...)[8’9]. The in-
teractions between Mn'" (or Mn®") jons and the
neighboring Mn®* jons via O%" are believed to contribute
to the DE effect.

The influence of the La-site substitution in mangan-
ites on DE mechanism is indirect, depending on the
conversion of Mn>" ions. The direct influence, undoubt-
edly, is the Mn-site substitution. Recently, most studies
on the Mn-site substitution focus on the La;_ A, MnOj; or
LaMnOs;. It is found that the manganites with the for-
mula of La; ,AMn,; 05 (A=Ca2+, Sr2+...; M=Zr2+, Cr3+,
Ta'",...) or LaMn,_,B,05 (B=T*", Mo""...) still remain
Mn**-Mn*" (or Mn®"-Mn*") mixed-valence, and undergo
ferro- to para-magnetism (FM-PM) transition. However,
both have the different magnetotransport behavior.
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La;_ A Mn,_, 05 usually undergo metal to insulator tran-
sition (MIT)[IO’“], but LaMn,_B,03, such as LaMn;_,-
Ti, 05", LaMngosMog 405", LaMng goFeq 0405,
etc., has no MIT, which are usually insulator at 0 T.

In addition, the manganites with or without the La
and Mn site substitution are usually oxygen nonsto-
chiometry (indicated by the deviation value ¢ which is a
positive value and represents excess oxygen) in when
the oxides are prepared in air or in the oxygen atmos-
phere. According to the studies of Tofield et al.'*!, van

1.1 and the results from electron en-

Roosmale et a
ergy-loss spectroscopy (EELS) measured by Wang et
al.l'" it is widely accepted that the & induces the con-
version of Mn®" ions into Mn*" ions in the manganites.
The amount of Mn*" is depending on the value of & with
a relationship of [Mn*"]~26!"*. Obviously, the & is also
an important factor affecting DE effect!'*2".

For the first time, we study lanthanum manganese
oxides LaMn;_,Te, O35 with excess oxygen. This mate-
rial has three-kind valence of Mn2+, Mn®" and Mn*". In
this paper, we focus on the magnetotransport of
LaMn;_,Te, O35 under different ratios of Mn2+, Mn**

and Mn*".

1 Experiment

Polycrystalline sample of LaMn;_,Te,Os:+s (x=0.1, 0.2,
0.3) was synthesized with the conventional solid-state
reaction method. X-ray diffraction (XRD) of the powder
sample was carried out by DMAX2400 diffractometer
using Cu-K, radiation at the room temperature, and
XRD data obtained by the step scanning model with
0.02°/s were Rietveld refined by the program of
DBW9411. XRD results show that the samples of x=0.1
and x=0.2 are single phase, rhombohedral lattice with

the space groups of R3C. Where as the sample of x=
0.3 is composed of two phases. The main phase is
LaMng,Teg305:5 with a symmetry of R3C, and the
additional phase is La,TeOs with a symmetry of
P212121. The main phase is much more than the addi-
tional phase according to the intensity of the maximum
peak, the electronic structure of samples was measured
by X-ray photoemission spectrometer (XPS) (Escalab
220-IXL) with Al-K,, radiation and the scanning step of
0.05 eV. The oxygen content was analyzed by the Oxy-
gen/Nitrogen Determinator (LECO TC-300) with the
accuracy of 1 ppm, and all samples exhibit excess oxy-

gen. The deviation value ¢ is about +0.09, +0.14 and
+0.03 for x=0.1, 0.2 and 0.3, respectively. The magneti-
zation (M) and the resistivity (p) of the samples were
measured by the quantum design superconducting
quantum interference device magnetometer (SQUID)
MPMS-7 system. The temperature dependence of resis-
tivity was recorded with the standard four-probe method.

2 Results and discussion

The XPS of LaMng¢Te 0309 is showed in Figure 1
where the experimental data were analyzed by the
XPSPeak program. The solid bold lines in Figure 1 rep-
resent the fitting results. The valence band (VB) spec-
trum of sample has a typical feature of two peaks, simi-
lar to that of LaMnO; doped on La-site. The corre-
sponding value of two peaks is about 2.8 and 5.3 eV,
respectively, near to 3 and 6 eV reported by Chainani et
al.”?! and Kowalczyk et al.m], indicating that the Mnjy4
orbit and the O, orbit in LaMn,_,Te, O3, are hybridized
extensively into Mn34-O,, bonding states and nonbond-
ing states. Hybridized orbits play a key role in the DE
interaction. Besides, as shown in the inset of Figure 1,
the Te-3ds, core level is about 576.2 eV, close to 576.1
eV in TeOzm] but 0.3 eV larger than that of LaggTeg -
MnOs g, indicating Te ions in LaMn;_,Te,Os,s have 4+
valence states'”. In other words, LaMn;_,Te, O35 has a
characteristic of Mn®"-Mn®" mixed-valence state as re-
ported in La;_, Te,MnO3.s.

The temperature dependences of field-cooled (FC)
magnetization (M) under the applied magnetic field of

VB
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Figure 1 X-ray photoemission spectrum of LaMn,yTe,;0; showing the
valence band and Te-3ds,, (inset).
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0.01 T are plotted in Figure 2(a) for the samples of x=0.1
and x=0.2, and Figure 2(b) for the sample of x=0.3. The
FC curves of LaMng¢Te( 103,99 show a single peak (Fig-
ure 2(a)), indicating that there is the antiferromagnetic
phase at the low temperature. Further evidence stems
from the measurement of AC magnetic susceptibility of
sample of x=0.1, as shown in the inset of Figure 2(a)
where the curve of susceptibility vs. temperature at 300
Hz exhibits a cusp in the low temperature region. On the
one hand, with the increase of Te content, the antiferro-
magnetism of LaMn,;_,Te,Os;5 at the low temperature
becomes less and less, even disappears, as shown by the
experimental results of sample of x=02 (Figure 2(a)).
When the Te content increases to 0.3, the M-T curve
exhibits an obvious feature of the ferromagnetism, as
shown in Figure 2(b). On the other hand, the maximum
of magnetization of LaMn;_,Te,Os,s at the low tem-
perature becomes more and more with the increase of Te
content. Similar phenomenon was also observed in
LaMn;_,M,O; (Mn=Ni*", Zn*", Li", ...). Hébert et al.*¥
attributed it to the creation of Mn*" species induced by
the substitution of Mn by Ni or Zn or Li in LaMnOj3. As

a result, the DE interaction from Mn*"-Mn** favors the
ferromagnetism of the samples, and depresses the
A-type antiferromagnetism of LaMnO; matrix. However,
the favorable ferromagnetism originating from Mn*'-
Mn®" DE interaction will weaken when the content of
dopant reaches a critical value.

The temperature variation of resistivity of LaMngo-
Tep.103.09 under the applied field of 0 and 4 T is shown
in Figures 3(a) and 3(b), respectively. Figure 3(a) shows
that the p of LaMngoTep 0509 drops rapidly with the
increase of temperature in the low temperature region,
and then tends to a small value in the high temperature
region, indicating an insulating behavior. The analogous
variation of p-T has been reported in LaMn,_,Sc,Os,
LaMn;_;Mg,0;, and LaMn,_.Fe O3, ete 121425261 1
addition, the contrasting samples of LaMnOs;;; and
LagoTep 1 MnOs; o; were fabricated under the same condi-
tion as LaMn;_,Te,Os:s and the corresponding p-T
curves of LaMnOs ;; and Lag9Teg ;MnOs g are shown in
Figure 3(a) and in the inset of Figure 3(a), respectively.
Figure 3(a) shows that LaMnOs;; has a similar zero
field p-T relationship as to that of LaMnO3,12[26’27] and
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Figure 2 The temperature dependences of field-cooled magnetization
under the applied magnetic field of 0.01 T. (a) LaMngyoTey 0500 and
LaMngsTe 0514, inset: The ac magnetic susceptibility of LaMngoTeg -
O3.005 (b) LaMng7Tep 30303
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Figure 3 The resistivity curves vs. temperature under the applied field
of 0 T and 4 T. (a) LaMngeTe 0509, LaMnO;; and LagoTep1MnOs
(inset) at 0 T; (b) LaMngoTeo, 10300 at 4 T.
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displays an insulating property similar to LaMng¢Teg -
0;.09. However, the resistivity of LaMnOs j;is much lar-
ger than that of LaMng¢Te( 10509 though both have a
near oxygen content. On the other hand, LagyTey;Mn-
031, having the same Te-doping content as LaMno-
Te( 10309, exhibits a metal-insulator transition, which is
different from LaMng¢Te( 03;. Based on the results of
Figure 3(a), some conclusion can be drawn: 1) The dif-
ferent site substitution by Te in LaMnO; would result in
the different transport properties, which could help to
judge the objective site of Te in LaMnQO;; 2) Te-doping
on Mn-site in LaMnO; would significantly reduce the
resistivity of LaMnQO;, but would not alter its transport
behavior if the Te-doping content is too low. In fact,
when Te content increases to 20%, the sample of
LaMnggTep 05,14 still remains insulating, as shown in
Figure 4(a).
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Figure 4 The resistivity curves vs. temperature of LaMnysTe(,0; 4. (@)
0T;(b)4T.

In contrast to the case of zero fields, at magnetic field
of 4 T the magnetotransport of LaMnggTeq 03,09 and
LaMnggTep,05.14 underwent an essential change. As
seen in Figures 3 (b) and 4(b), the p-T curves became a
double peaks structure apart from a sharp fall at low

temperature region.

The p-T relationship of LaMng 7 Te 3033 is shown in
Figure 5. Compared with Figures 3 and 4, Figure 5 dis-
play several different features: 1) The resistivity of
LaMn7Te 30503 is much lower than that of LaMngo-
Tep 103,09 and LaMnggTep,03.14; 2) the p-T curves rep-
resent a single peak structure no matter what the applied
field is 0 T (Figure 5(a)) or 4 T (Figure 5(b)). This is
similar to the corresponding results of LaTel,anxog[zS];
3) unlike Figure 3(b) and 4(b), the p-T curve in Figure
5(b) still keeps a single peak when a magnetic field of 4
T was applied.
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Figure 5 The resistivity curves vs. temperature of LaMn,;Tey30303. ()
0T; (b)4T.

For the manganites of Mn-site doped LaMnOs, it is
common that the samples have the p-T curves as shown
in Figures 3(a) and 4(a). However, why do the curves of
Figure 5 exhibit the metal-insulator transition behaviors
when the temperature increases? Why is the curve of the
single peak of Figure 5(b) while the curve of Figure 3(b)
or Figure 4(b) is double peak under the same applied
field of 4 T?

To answer the above questions, it is necessary to ana-
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lyze the variation of Mn ions in LaMn;_,Te, O35 As we
know, Mn ions of the samples are composed of Mn*",
Mn*" and Mn*". One Mn site is occupied by Te",
meaning leading to that the valence of one Mn’" de-
creases and another Mn®" converts into Mn2+, i.e. sub-
stitution of Mn by Te*" equals decreasing the valence of
two Mn®" and adding one Mn*". Besides, excess oxygen
also causes some Mn’" to change into Mn*. Therefore,
the formula of LaMn;_,Te,Os.s should be rewritten as
LaMn;*, ,sMn3:Mn’*Te O,,5 according to the re-
quirement of charge equilibrium and stable perovskite
structure. Therefore, the amount ratio of Mn>", Mn®" and
Mn*" are obtained as the following:
[Mn®"]:[Mn*]:[Mn*"]=(1-2x-25):25:x.

Now, substituting the number of 6 and x into the
above formula, the amount ratio of Mn?", Mn’" and
Mn*" of all samples are shown in Table 1. [Mn3+] is
maximum in LaMng¢Tey 03 g9, larger than two times of
the sum of Mn”>" and Mn*". Thus, the probability of the
formation of the Mn**-O-Mn’" is also highest in the
network of M-O-M (M=Te4+, Mn2+, Mn3+, Mn4+) which
provide the transport channels for the carriers. Conse-
quently, the superexchange of the predominant Mn®"-O-
Mn>* gives rise to the antiferromagnetism of LaMngo-
Tep10509 at the low temperature, as shown in Figure
2(a). At the same time, the transports of the carriers
through M-O-M would be destroyed when Mn®* are par-
tially replaced by Te*". It makes the resistivity of the
compound increase, leading to that the compound con-
verts into insulator as shown in Figure 3(a). However, in
LaMnggTeg 105 9 there exists also a part of the network
of Mn*"-O-Mn"" and Mn*"-O-Mn’". The DE interaction
of the above network would be strengthened under the
applied magnetic field, resulting in the decrease of the
resistivity of the compound (Figure 3(b)). Similar to the
case of LaMngoTeq 0399, LaMng;Tey30503 has more
Mn>" and Mn*". The sum of Mn>" and Mn*" is almost
equal to that of Mn’", indicating that the network of
Mn*"-0-Mn*" and Mn*"-O-Mn*" become predominant in
the network of M-O-M. As the aforementioned, the DE
interaction of Mn*"-O-Mn’" and Mn*"-O-Mn*" would
make the manganites tend to ferromagnetism (Figure
2(b)) and MIT. When a magnetic field is applied, the DE
interaction further decreases the resistivity of the mate-
rial and leads to CMR, just as shown in Figure 5.

As for LaMnggTeg,05.14, the ratio of [Mn3+] to the

Table 1 The amount of Mn?, Mn*" and Mn*" in LaMn,_,Te,Os,s for
different dand x

LaMn,_,Te,Os:5

[Mn" ] [Mn*] [Mn*] [Mn’ J:(Mn" J+[Mn* )

x=0.1, 6=0.09 0.62 0.18 0.1 31:14=2:1
x=0.1, 6=0.14 0.32 0.28 0.2 32:48=2:3
x=0.3, 6=0.03 0.34 0.06 0.3 34:36=1:1

sum of Mn”>" and Mn*" is about 2:3. In other words, the
ions of Mn”" and Mn*" become the predominant ions in
the samples, indicating that the network of Mn*-O-
Mn®" play a leading role in the network of M-O-M. Ob-
viously, there could be existed the ferromagnetic super-
exchange interaction in Mn*"-O-Mn*" but no DE, which
makes the material tend to insulator at 0 T. Furthermore,
the resistivity of LaMnggTeg,0;.14 should lower than
that of LaMng¢Te( 10599 because the former have more
the network of Mn*"-O-Mn®" and Mn2+-O-Mn3+, as
shown in Figure 4(b).

By now, Most results shown in Figures 3—5 have
been qualitatively explained by the traditionally DE
mechanism. However, it is difficult to explain by using
only DE that the resistivity drops dramatically with the
increasing temperature in the low temperature region
(Figures 3(b) and 4(b)). This complex magnetotransport
behavior, maybe originating from John-Teller effect'*”lor
other unknown magnetoresistance mechanism, need
further study in the following aspects: It is worthwhile to
analyze whether La,TeOq affects the transport of
LaMny ;Te 305 03. Note that La,TeOyg is lack of magnetic
ions analogous to Mn, indicating no DE interaction oc-
cur in La,TeO¢ with or without the applied magnetic
field. Besides, the amount of La,TeOg is very low in the
samples of x=0.3, so that the influence induced by
La,TeOg is limited on LaMn ;Tey 303 3. Considering the
above two factors, it is reasonable to ignore the influ-
ence of La,TeO¢ when discussing the magnetic and
transport of LaMng 7 Teo 303 03.

The double peak structure shown in the Figures 3(b)
and 4(b) can be attributed to the inhomogeneous distri-
bution of oxygen content in the samples. According to
Sun et al.’s®” work, when fabricating the sample of
Lag 75«Gd.Cag3Mn, O35 by solid-state reaction, the dif-
ferent activities of La,O3; and La(OH); leaded to inho-
mogeneous distribution of oxygen content in the com-
pound, which caused two peak of the p-T curves. Wu et
al." also confirmed that the double peak shown in p-T
curves of LagoMnOs.s were closely related to the oxy-
gen content. The peak at low temperature shifted to high
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temperature and was weaken with the increasing oxygen
content when LayoMnOs.s was treated with different
post-annealing and oxygenation processes.

Because both LaMng 9Te( ;05 09 and LaMng gTe 203 14
are prepared by solid-state reaction and have excess
oxygen content of 0.09 and 0.14, respectively, it is pos-
sible that there are inhomogeneous distribution of oxy-
gen content in the samples, leading to the double peak
curves in Figures 3(b) and 4(b). Moreover, the more the
J1is, the larger the distance between the two peaks is. As
LaMn;Tey 303,03 has a little excess oxygen, and its in-
homogeneous oxygen distribution has no influence on
the magnetoresistance of the material, the p-T curves of
LaMny ;Te( 3033 exhibits a single peak.
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