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Abstract
A systematic investigation of the

structural, magnetic and electrical properties
in the perovskite colossal magnetoresistance
materials Lag 7Pbo3Mn;_ByO3; (B=Co and Fe)
have been studied. The distortion induced
by Mn-site substitution is not obvious due to
the similar radius of Mn, Co and Fe.
Powder x-ray diffraction patterns show a
single phase of rhombohedral (Rgc) for Co
doped system and a slight crystallographic
transistion from rhombohedral (R 3 c) to
orthorhombic (Pbnm) symmetry for Fe doped
system. Values of temperature dependence
of that  the

ferromagnetic double- exchange interaction

magnetization  indicate

is gradually substituted by the superexchange
The ZFC-FC curves

indicate that long-range spin ordering is

interaction. also

1
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progressively substituted by the short-range
spin ordering. The substi- tution of Mn by
Co and Fe supresses the double-exchange
interaction, decreases the ferromagnetism
the

temperature.

and ferromagnetic transistion

The mechanism of the CMR effect can be

explained by double exchange model
proposed by Zener[1]. The model introduces
that the

ferromagnetic interaction between Mn* and

mobile eg electrons mediate
Mn* via the intervening oxygen in the CMR
manganites. The long-range ferromag- netic
interaction can be perturbed when other ions
are introduced into the manganese-site. The
introduction may induce magnetic disorder
and frustraction in these compounds that may
lead to short-range spin order or eventually to
a spin-glass stste. The results of several
recent reaserches on the Ca, Sr contented
compounds support the description [2, 3, 4].
Hence, to expolore the meachanism of CMR
effect, it is important to investigate if the
double-exhange and CMR effect could be
obtained only directly by Mn. The elements
Co and Fe exhibit similar radius and
electronic configuration with Mn. Basing on
this idea, we have performed reaserches on
the structural and magnetic properties of the

Lao:7Pbo:3(Mni1xCox)O3 and Lao:7Pbo:3(Mni-x



Fex)O3 compounds.

It is well known that the properties of
hole-doped Lao:7A0:3MnO3 (A=Ca, Sr, Ba and
Pb) depend on the exchange interaction
between Mn* (t2g’eg') and Mn*(t2g’eg’). Since
the exchange energy is larger than the crystal
field, the
Mn-content compounds [5]. Although lots of

high-spin state is stable in
papers reported the properties of the small
amounts of Fe substution on the Mn-site [6, 7]
Figure 1 shows the electronic structure of
Mn* and Fe*. It is obvious the egenergy of Fe
is lower than that of Mn. Thus there is only
Fe*, Mn* and Mn* exist in these Fe-content
Lao:7Pbo:3(MnixFex)O3 (Mn*

doesnot exist).

compounds

Polycrystalline bulk samples of the
compounds Lag 7Pbg3Mn;B,O3; (B=Co and
Fe) were prepared by conventional ceramic
fabrication technique of solid-state reaction.
The powders were calcined twice in air at
850
grindings, then pressed into disk-shaped

for 24 hours with intermediate

pellets and finally sintered in air at 1175
for 72 hours. The structure and phase purity
of the samples were examined by the powder
x-ray diffraction using Cu-K, radiation at
room temperature. The magnetization mea-
surements were performed by a Quantum
Design MPMS superconducting quantum
interference device (SQUID) magnetometer.
In the Co-content compounds, the triva-
lence Co ions are favor to be in low spin state
Co™ (tog’eg’) at

progressively convert into high-spin state

low temperature, and
Co* (t2g'eg?) as temperature increasing. The

energy difference between these two spin

state is so small as about 0.03 eV so that the
thermal excitation can provide a conversion
from low-spin state to highspin state [8, 9].
The tetravalence Co ions can be low-spin
state Co"v (tzg’e¢’) and high-spin state Co*
(t2geg?). A. Chainani et al: shows that the
energy of high-spin state Co* is about 1 eV
At this
stage it will be interesting to study the effect

lower than low-spin state Co™*[10].

of progressive substitution of Co for Mn in
the Lao:7Pbo:3(Mni-xCox)O3.

The x-ray patterns of six representative
samples with x=0.0, 0.2, 0.4, 0.6, 0.8, and 1.0
are

shown in figure 2. Powder x-ray

diffraction patterns shows single phase
rhombohedral crystal structure with space
group R3¢ for all samples. In this series of
the

gradually shift to higher degree from sample

samples, peaks of x-ray patterns
with x=0.0 to sample with x=1.0 due to
smaller lattice parameters by gradually
substituting cobalt in place of manganite. The
decrease in the lattic parameters should be
related to smaller ionic radii of Co ion. There
are various ion radius of Mn*, Mn*, Co*, and
Co* in the Lao:7Pbo:3(MnixCox)O3 system.
Where the ion radius of trivalent Co ion 0.55
A° in low-spin state; 0.61 A° in high state,
and tetravalent Co is 0.53 A° in high-spin
state. In addition, trivalent Mn ion radius is
0.58 A° in low-spin state; 0.65 A° in
high-spin state, and tetravalent Mn is 0.53 A°
in high-spin state.

The temperature dependence of magnet-
ization taken from samples with 0.0 <x < 1.0
are shown in figure 3. Magnetization (M)
measurements were performed in magnetic
field up to 5Tesla. The samples undergoes a

paramagnetic (PM) to ferromagnetic (FM)



transition, consistent with the results reported
previously. As Co is doped into the samples,
both the FM transition temperate (Tc) and M
are systematically lowered. Curie tem-
perature of sample, x=0.0, 0.2, 0.4, 0.6 and
0.8 are 274 K, 223 K, 216 K, 198 K and 167
K, respectively. The Curie temperature Tc is
defined as the temperature where the dM/dT
reaches the maximum value. A value of 67
emu/g with x=0.0 is deduced from the
saturated value of the magnetizing curve at 5
K and 5 Tesla. The saturated value of
magnetic moment decreased as Co doped
increased.

The inverse susceptibility as a function
of temperature are shown in figure 4. The
reciprocal susceptibility indicates a charact-
eristic of paramagnetic Curie-Weiss behavior.
The paramagnetic susceptibility data can be
usually approximated by X=Xo+C/(T-Tc)
where Xo is a temperature independent
component of the susceptibility, C/(T-Tc) is
the Curie-Weiss contribution. C is the Curie
constant, and Tcis the Curie temperature. A
linear extrapolation of the high temperature
1/X the

paramagnetic Curie point qp indicating the

paramagnetic values  gives
existence of the short range order of spin
clusters. Since Co doping is the direct
replacement of Mn** by Co*, the experimental
result suggest that the sites occupied by Co*

can no longer effectively participate in the
DE process. In these oxide samples, the 3d
level of the Mn and Co ions are known to
split into t2gr, egr, t2gr and egr due to the
strong Hund's coupling. The con gurations
are t2gireg’t for Co*, tag’reg's for Co* and Mn*,
and t2¢’+ for Mn*, respectively. For these ions,

the t2gr bands are fully occupied, the t2g; and

eg. bands are empty, and the egr depend on
the election distribution of the Co and Mn
ions. The ions of samples has shows that Co*,
Mn*, and Mn* are present, for lower x cases
and Co”, Co*, and Mn* are present for larger
x cases. Therefore, it 1s suffient to consider
only the high-spin Co* which is strongly
hybridized by the charge-transfer state.
Other cobalts will remain in the trivalent
The DE

interaction as x is close to 1 is considered to

low-spin  state. ferromagnetic
be predominantly present between such Co*
and Co* spins. Since Co* replaces Mn*,
doping with Co causes a depletion of the
Mn**/Mn* ratio, the population of the hopping
electrons, and the number of available
hopping sites. Thus, DE is suppressed,
resulting in the reduction of ferromagnetism
and metallic conduction as Co dopping
increasing. Therefore, the temperature
dependence of the resistance at H = 0 tesla
and at H = 5 teslas of Lao:7Pbo:3MnQO3 without
any Co doping measured as shown in figure
5. In zero field, the resistance exhibits a
metallic behavior (dR/dT>0) at low tem-
perature and a insulator behavior (dR/dT<0)
at high temperature. A sharp resistance peak
indicating a metal-insulator transition occurs
around Tp= 200K. When a magnetic field
(H = 5 teslas) is applied, the temperature
dependence of the resistance is similar to that
in zero field, but the resistance decrease. The
negative MR ratio defined as
(R(H)-R(0))/R(0) is also plotted in figure 5
with a field of H = 5 teslas. MR value
becomes as large as about 50% below 200 K
and 25% around 300 K. Figure 6 shows the
x-ray patterns of the six representative

samples with x=0.0, 0.2, 0.4, 0.6, 0.8 and 1.0.

value



The powder x-ray diffraction spectra f
sample x=0.0, 0.2 and 0.4 were indexed in
rhombohedral crystal structure with space
group R3c (No.167), while the other three
compositions existed orthorhombic symme-
trywith space group Pbnm (No.62). The
peaks of x-ray patterns diminutively shift to
higher degree in this series of samples due to
the progressive substitution of Fe in the
Mn-site. The consequence is owing to the
reasons that the the average ionic radius of
Mn*/Mn* is smaller than Fe*. The radius of
Mn*, Mn*and Fe* are 0.645 A°, 0.53 A°and
0.645 A°, respectively [12]. The similar ionic
radii of Fes+ and Mn3+ means that crystal
distortion induced by Fe substitution may be
ignored. However, it will be getting obvious
of distortion as Fe substution increasing.

In order to survey the spin order and
magnetic behavior, the zero-field-cool (ZFC)
and field-cool (FC) magnetization curves
were measured at a field of 100 Oe as shown
in figure 7. DC Magnetization was measured
in SQUID MPMSR2-5S

zero-field-cooled (ZFC) measurements the

system. In

samples were cooled roomtemperature to 5 K
in zero field. A field of 100 Oe was applied
and then magnetization measurements were
carried out as temperature increasing. For the
cooled (FC) caes, the samples were cooled
under an applied field of 100 Oe. The
measurements were also carried out as that of
ZFC case. The temperature dependence of
reduced magnetization is shown in figure 8.
For sample x=0.00, the magnetic moments
increase sharply as the temperature decrease
around the transition temperature. While the
FC susceptibilities saturate below about Tc,

the ZFC curves display a maximum and

decrease slightly towards low temperatures.

The near overlap of ZFC and FC curves
composition clearly suggests a ferromagnetic
long-range the
irreversibility between the ZFC and FC

magnetization curves is clearly seen below

spin order. Conversely,

ferromagnetic-paramagnetic (FMPM) transi-
tion temperature, Tc, for x=0.2 and 0.4
samples. The ZFC curves coincide with the
FC curves at high temperature, but deviate
from each other as the temperature is
decreased. The ZFC-FC curves display the
irreversibilityand A-shape traces, suggesting
the existence of a short-range spin order. The
two end compounds exhibit distinct kinds of
The Lao:7Pbo:3sMnO3 has
while the light

substution cases, Lao:7Pbo:3sMno:sFeo0:203 and

magnetic order.
long-range spin order,
Lao:7Pbo:3Mno:cFeo:403, has short-range one.
The the the

introduction of Fe ions to the Mn-site can

reason for variation 1S

lead to a decreased occuption of ferro-

magnetic Mn*-O>-Mn*  bonds and,
consequently, weaken the total DE
interaction. As the substution value x is so

large that most of the Mn* be substutedby

Fe. The ferromagnetic Mn*-O>-Mn* DE
interaction  would be replaced by
antiferromagnetic Fe*-O>-Mn* and Fe*-

O>-Fe* exchange coupling for x=0.6, 0.8 and
1.0.

The temperature dependence of magne-
tization taken from samples with 0.0 < x <
1.0 are shown in figure 9. Magnetization (M)
measurements were performed in magnetic
field up to 5 T. The samples exhibit a
paramagnetic (PM) to ferromagnetic (FM)
transition for x < 0.4, consistent with the
results stated in that of FC-ZFC results. As



Fe is doped into the samples, both the
(Tc,

defined as the temperature where the value of

ferromagnetic  transition temperate
dM(T)/dT reaches the maximum value) and
M)
lowered. Transition temperature of samples,
x=0.0, 0.2 and 0.4 are 335 K, 179 K and 121
K, respectively. Values of 83.94 emu/g,
49.63 emu/g and 22.58 emu/g with x=0.0,

0.2and 0.4, respectively, are deduced from

magnetization are  systematically

the saturated value of the magnetization
curve at 5 K and 5 Tesla. The saturated value
of magnetic moment decreased as Fe doped
than 0.4, the

paramagnetic-ferromagnetic transition vanish

increased. For x large
and antimagnetic phase appear due to the

large amount of substution of Mn** by Fe*.

We have presented a systematical study
of the magnetotransport behavior in the
Lag 7Pbo3Mn;.\B,O3 (B=Co and Fe) system.
For the results of Mn-site substitution in the
previous chapter, some concludsions are
summarized as follows:

1. Powder x-ray diffraction patterns show a
single phase of rhombohedral symmetry
(Rgc) for Co doped system and a slight
crystallographic transition from rhombo-
hedral symmetry (R§ ¢) to orthorhombic
(Pbnm) crystal structure for Fe doped system.
2. The saturation magnetization decreases
obviously as Co or Fe doping content is
increased. Values of temperature dependence
of magnetization indicate that the ferro-
magnetic double-exchange interaction is
gradually substituted by the superexchange
interaction.

3. The ZFC-FC curves also indicated that

long-range spin ordering is progressively
substituted by the short-range spin ordering.
The substitution of Mn by Co and Fe
supresses the double-exchange interaction,
weakens the ferromagnetism and decreases
the ferromagnetic transition temperature Tc.
The substitution of Co and Fe for Mn
decrease the percentage of ferromagnetic
Mn*-O*-Mn*.

elements in these compounds had been clear

The role functions of all

up in this project. Based on the knowledge of
these compounds, it would be helpful to
control the physical mechanism and improve
the characteristics on preparing their thin

film devices in the future works.
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Fig. 1: Electronic structure of Mn* and Fe*'.
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Fig. 2: x-ray diffraction patterns of the five

representive samples with x=0.0, 0.2, 0.4, 0.6,

0.8, 1.0.
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Fig. 3: Temperature dependence of magne-
tization been taken. Magnetization measure-
ments were performed in magnetic field up to
ST.
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Fig. 4. Temperature dependence of inverse
susceptibility taken from samples within 0.0
< x £ 1.0. The reciprocal susceptibility
indicates a characteristic of paramagnetic
Curie-Weiss behavior. The paramagnetic
susceptibility  data be
approximated by x=Xo+C/(T-Tc).
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Fig. 9: Temperature dependence of magne-
tization measured at a field of 5 teslas for all

samples.



