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Polycrystalline CaMp_4Nb,O; compoundsX = 0.1, 0.2, 0.3) were synthesized by a solid reaction.
CaMn—Nb,O3 crystallizes in an orthorhombic GdFge@pe structure. The Nd doping causes the increases
of the lattice parameters, unit cell volume, the average-KAnbond distance, and MrO—Mn bond
angle. CaMn_,Nb,O; compounds show magnetic phase inhomogeneity. With increasing the Nb
concentration, CaMnNbO; compounds exhibit ferromagnetic, metamagnetic, antiferromagnetic, and
paramagnetic characterizations, respectively. And their magnetizations significantly reduce. Si\»
compounds are insulators in the temperature range from 5 to 400 K, and their resistivities enhance with
increasing Nb content. A huge asymmetry resistivity hysteresis loop is observed for the {SHiyhD3
compound at low temperature; however, this resistivity loop is melting with increasing the applied field
and temperature and tends to disappear near the Curie temperature. This phenomenon might be due to
the Nb doping inducing a low-temperature magneto-electric phase separation between the ferromagnetic
metallic and the charge-ordering antiferromagnetic insulating phases.

Introduction and Mr¥* ions can be controlled by the substitution of the
element with a higher valence number than\at the Mn
crystal position. An attempt has been made to carry out this
designation by a pentavalent Nb or Ta ions substitution for
|VIn ions in calcium manganif&'° A larger magnetoresistance
effect was observed at low temperatfitdgowever, the field
dependence of resistivity characterization and its change with
the temperature were not investigated yet, and the Jdahn
Teller effect was not mentioned in the previous studies either.
These studies on the lattice-electron and the magnetic-
electron couplings are beneficial for understanding the special
‘electronic transport characteristics associated with the lattice
distortion and magnetic phase transition in CaMRNbO3

Since a huge decrease of the resistivity in the expitaxially
grown LayCasMnO; film was found by Jin et af, a
renewed interest has grown in the study of the electronic
transport and the magnetic properties as well as the colossa
magnetoresistance (CMR) effect of the alkaline-earth doped
manganese oxides with AB@erovskite structure in recent
years?® The double-exchange mechanism proposed by
Zener? the Jahr-Teller(JT) polarizatiort,and the tolerance
facto have been used to interpret the colossal magnetore-
sistance effect in these manganite perovskites. More recently
the fascinating physics of the CMR materials has been driven

by the close coupling between the lattice, the electronic, andcom ound. In this paper. we studied the correlation between
magnetic degrees of freedom, which has generally shown pound. paper, )
the lattice, electronic, and magnetic phases, as well as the

the electronic phase separation between the different magneto- )
electronic states at low temperatdfeAccording to the related electron transport property in CaMNb,0s com-
double exchange-mechanism, the ferromagnetic exchangéjound'

interaction, which involves the;dopping electrons, can be

controlled by the Mf"/Mn3*. The ratio between the Mh Experimental Procedure
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Figure 1. Refined XRD patterns of the CaMnNbOs, where the Numbers) and the Tolerance Factors of CaMa_xNbxO; Compounds

experimental and the calculated XRD patterns are marked bytthpdint

and the solid line, respectively. The lowest trace indicates the difference Nb contentx x=01 x=02 x=03
between the two patterns. The peak positions of the orthorhombic structures ~ <Mn—0> (&) 1.931 1.935 1.951
are denoted by the middle vertical lines. N 6 6 6
<Mn—O—Mn> 153.59 156.48 158.3F
Table 1. Refined Lattice Parameters and Unit Cell Volumes of N 6 6 6
CaMn1—xNbxO3 Compounds tolerance factor 0.926 0.932 0.943
Nb contenix x=0.1 x=0.2 x=0.3
Z‘E% ggggg; gggg% g:gggggg equiva_lent crystal ppsitions, i.e., the 4a, 4c(1), 4c(2), and
c(R) 7.513(3) 7.556(2) 7.585(6) 8d, which are occupied by 4 (Mh, Mn*", Nb°*), 4 C&*, 4
cell volume (&) 212.5(2) 217.6(2) 222.5(6) OZ*I’ and 8 G, respective|y_

. . The Jahn-Teller polarization is derived from the distortion
commercial SQUID magnetometer from 4 to 400 K at an applied .
field of 0.1 T. Both the zero-field-cooling (ZFC) and the field- of th(_e MnGy octahgdron, which can_change theodarge
cooling (FC) processes were performed during the magnetization d€Nsity of the Mn ion. The electronic ground state of the
measurement. The temperature dependence of magnetoresistanddn®* ion is degenerated and its energy is lowered by a
was measured by a standard four-probe technique from 4 to 400 Kspontaneous distortion of the surrounding lattice. In our
at a zero field and an applied field of 5 T, respectively. The applied experiment, the JahfiTeller effect has been investigated by
field dependencies of magnetoresistance and magnetization meacalculating the (Mn,Nb)O bond distances and (Mn,Nb)
surements were carried out in fields ranging frerf to 5 T and O—(Mn,Nb) bond angles according to the refined ionic
temperatures ranging from 5 to 120 K. occupation parameters. The Nb doping results in the increases
of the (Mn,Nb)}-O bond distances and the (Mn,Nbtp—
(Mn,Nb) bond angles. According to the electrdattice

Structure and Distortion of the MnO g Octahedron. interaction model proposed by Millig,the tolerance factor
Powder XRD patterns show that the single phase with an ¢an affect the electrons hopping process by adjusting the
orthogonally distorted perovskite structure is obtained in Static crystal structure, which involves the conventionally
CaMn,_,Nb,Os samples. The experimental and the refined dynamical electrorrphonon coupling; it can link the instan-
XRD patterns of CaMp,Nb,O; compounds have been taneous deviation of atoms from their ideal crystallographic
shown in Figure 1. Both the lattice parameters and the unit position to the instantaneous deviation of electron configu-
cell volumes increase with increasing the Nb content, as listed'ation from the average value. In our case, the tolerance factor
in Table 1, which agrees with the previous rep8rThis has been calculated according to the equétion
phenomenon can be interpreted by the average ionic size at
the Mn position. On one hand, since the radius of the Nb t=
pentavalence ion (0.78 A) is larger than that of the*Mn
ion (0.67 A), thus the substitution of the Nbion for the
Mn“** jon causes the increase of the average radius at theThe tolerance factor enhances with increasing the Nb
Mn position and induces the lattice expansion. On the other concentration. The calculations of the Mu®©ctahedron
hand, according to charge balance law, the partial substitutiondistortions and tolerance factors are listed in Table 3.
of the NPt ions for the M ions will cause the presence Magnetic and Electronic Transport Properties. CaMmn_-
of the Mré* ions in the CaMn_xNb,O3 compound. And the  Nb,0s; compounds exhibit very complicated inhomogeneous
radius of the MA" (0.72 A) ion is also larger than that of magnetic phases as shown in Figure 2. CaiiOs
the Mt (0.67 A); thus, the presence of Mnions also  compound shows a spin glass state at 45.86 K in FC and
increases the average radius at the Mn position. The ionicZFC measurements as shown in the inset in Figure 2, and
occupations and refineR factors R, andR,,) as well as  then a charge ordering antiferromagnetic phase at 124.2 K,
good fit factors §) of the CaMn_NbO; compounds are
listed in Table 2. In each unit cell, there are four kinds of (12) Millis, A. J. Nature 1998 392, 147.

Results and Discussion
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The inset shows the FC and ZFC measurements of GgNt 1MnOs. L. .
e pair in CaMn_,Nb,O; compound. Thus, the magnetic

and a paramagnetidaramagnetic transition at 90.2 K, re- properties of CaMn.Nb,O; compounds show the ferro-
spectively. With increasing the Nb concentration, CaMn magnetic, the metamagnetic, and the paramagnetic phases
Nb,Os; compounds correspond to show a low-temperature with increasing Nb concentration. Reference 9 reported the
metamagnetic phase and a weak ferromagnetic ordex for effect of a small amount of Nb doping on the magnetic
= 0.2 and a low-temperature antiferromagnetic order-like properties of the CaMn,Nb,O; with x = 0—0.10; the
magnetic phase for = 0.3. The origin ferromagnetic order CaMn_Nb,O3; compounds showed the ferromagnetic order
in CaMn_NbO; compound comes from the double- in the Nb concentration range from 0.02 to 0.06. The
exchange (DE) interaction between the ¥Wand the MA* magnetic inhomogeneous phenomenon was also observed
ions. Since the NI doping causes the presence of ¥n  in the sample withx = 0.1. However, the difference between
ion. The M#* ion provides the electron source for the the magnetization of the ferromagnetic phase and the charge
hopping g electron, and the Mi ion makes a hole for  ordering peak was very small. In our case, this difference is
carrying the g electron. The DE interaction occurs in the much larger. This phenomenon might depend on the applied
Mn3*—O—Mn#* pair. The DE interaction requires thg e fields and measurement process such as FC and ZFC. In our
electrons to have the same spin orientation during hoppingmeasurement, both FC and ZFC measurements were carried
in the Mre*™—O—Mn*" pair; therefore, the exchanging out at an applied field of 0.1 T; however, the ZFC
interaction between thesg electrons forms the ferromag- measurement was only performed at a higher field (1.45 T)
netic order. However, the high content of Nb in the inref9. Reference 10 only reported the electronic transport
CaMn_4Nb,O3; compound can cause two issues. The one is of CaMn_NbyO; with x = 0.1-0.3 at high temperature,
the lattice expansion due to the increase of the average sizéout the magnetic and electronic transport properties at low
at the Mn site, and the other one is the reduction of temperature were not investigated.

magnetizations due to the nonmagnetic Nb ion substitution CaMmn_yNb,O3; compound exhibits the insulating charac-
for the magnetic Mn ion. These issues affect the magnetic teristics in the temperature range from 5 to 400 K at a zero
properties of CaMnNb,O; compound. On one hand, the field. And the resistivity obviously increases in Nd high
ferromagnetic DE interaction is related to the M@ bond region; it might be due to the decrease of the electronic
distance and Mit—O—Mn** bond angle. If the Mr-O bond carrier concentration with increasing the Nb content. How-
distance increases, the separation between the magnetic ionaver, a field-induced insulateimetal (IM) transition is
increases and it induces weakening of the ferromagneticobserved in the CaMnNb, 105 compound at an applied field
order. In our experiment, since the high content of Nb in of 4 T. This special transport phenomenon was not observed
the compound causes the prolongation of the average (Mn,-in ref 9. In their study, no electric phase transformation
Nb)—O bond distance and the increase of the*MnO— occurred in this compound; the Cabiby 103 compound
Mn** bond angle, such a Jahkiteller effect suppresses the showed insulating characteristics before and after applying
DE ferromagnetic interaction; thus, the DE ferromagnetic a magnetic field of 7 T. The resistivity reduced greatly at
interaction is significantly weakened and induces a significant low temperature by applying a high magnetic field of 7 T.
decrease of the magnetization of the CaMNb,O; com- They called this phenomenon a “low temperature huge
pound. On the other hand, the concentration of the electronmagnetoresistance effect”. However, the field dependence
carrier gradually reduces with increasing the Nb content in of the resistivity and its change with the temperature were
CaMn_yNb,O3; compound, which is due to the reduction of not investigated in their study either. The reason they missed
Mn#* ion content. This causes the possible presence of theobserving the field-induced electric phase transition in the
antiferromagnetic M —O—Mn3* pair in CaMn_,Nb,O3 CaMny oNbo ;03 compound might be due to the higher field
compound. In this case, the antiferromagnetic3MnO— they applied or the characterization of their samples. The
Mn3* pair coexists with the ferromagnetic Fir-O—Mn** transport property was not investigated in the temperature
pair in the compound. The competition between the two change from 5 to 400 K in ref 10.

interactions affects directly the magnetic property of the Electron-Magnetic Interaction and MR Effect. Figure
CaMn_\NbO; compound. The magnetic characterization 3 shows the temperature dependence of resistivity and
might depend on the ratio between the antiferromagnetic magnetization of CaNbyiMnO; compound. It shows the
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relationship between the electric and magnetic phases. An
electronic phase transformation is associated with a magnetic

transition. The field-induced insulatemetal transition as-
sociated with a low-temperature spin glass such as antifer-
romagnetic state occurs at 24.56 K. While a MI transition
associated with a ferromagnetiparamagnetic transition is
observed at 68.15 K, the antiferromagnetic charge ordering
state occurs at the crossing point of the two resistivity
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temperature curves measured at a zero field and an applied

field of 4 T, respectively. The low-temperature insulator
metal transition can be interpreted as the applied field driving
the antiferromagnetic insulating state to the ferromagnetic
metallic state. The magnetic field-induced IM transition has
been found in the previous studies of the M8 ,MnO3

and the Pr_,CaMnO; crystalst®!* This phenomenon was
initially interpreted by the change of the magnetization in
which the resistivity showed a magneto-electronic phase
transition from the antiferromagnetic insulating state to the
ferromagnetic metallic state, which is caused by the applica-
tion of an external magnetic field. From the thermodynamic
point of view, both of the states are almost energetically
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Figure 4. Applied field dependence of magnetoresistance of GaMhg 1-

degenerate, but the free energy of the ferromagnetic stateyno,.

decreases by the Zeeman enefgyH (Ms is the spontaneous
magnetization) so that the magnetic field-induced transition
would occur by applying an external magnetic field of a few

Tesla. It destabilizes the antiferromagnetic state and drives

the phase transition to the ferromagnetic metallic state;

therefore, these two phases coexist at low temperature. With

increasing applied magnetic field, the content of the ferro-

magnetic metallic phase enhances, and the concentration o

the antiferromagnetic insulating phase reduces. More re-
cently, the above-mentioned two-phase phenomenon ha

scattering at the magnetic domain boundaries is totally
responsible for the observed magnetoresistance (MR), then
the MR magnitude is scaled by the square of the spin-
polarization of the carriers, namelyM(Ms)? (where Ms is

the saturation magnetizatiotf)But this correlation between
the MR and the spin-polarization does not fit our experi-
fnental data. It reveals that the special electronic transport
characterization does not come from the magnetic domain.

§-|owever, the MR ratio is obviously associated with the

generally been taken as an electronic phase separatioﬁnag”etization since the field dependence of magnetization

between different magnetoelectronic states at low tempera-

ture’ 10% Nb doping in CaMn@induces a huge asym-
metrical field-dependent resistivity hysteresis loop at low
temperature as illustrated in Figure 4. However, this loop is
melting with increasing the field and the temperature and
tends to disappear nede temperature. The formation of
the huge asymmetrical resistivity hysteresis loop might be
due to the field driving the antiferromagnetic moment
alignment rotating in the direction of the applied field
gradually, and induces a magneto-electric phase transforma
tion from the antiferromagnetic insulating phase to the
ferromagnetic metallic phase. Therefore, the electron scat-
tering effect in the antiferromagnetic phase tends to be
obviously suppressed with increasing the applied field. It
involves a significant debilitation of the electron scattering
interaction for the antiferromagnetic insulating phase and
induces a huge decrease of the resistivity. This dramatic
change of the field-dependent resistivity causes the formation
of a huge asymmetrical resistivity hysteresis loop in this

compound. This special phenomenon was also observed i’

our previous study on the electronic transport of the
Yb,Ca,—xMnO; compound- If the spin-dependent electron

(13) Schiffer, P.; Ramirez, A. P.; Bao, W.; Cheong, S. Rhys. Re.
Lett 1995 75, 3336.

(14) Tomioka, Y.; Asamitus, A.; Moritomo, Y.; Kokutra, Y. Phys. Soc
Jpn 1995 65, 3626.

(15) Guo, Y. Q.; Roy, S.; Ali, NJ. Appl. Phys2002 91, 7394.

curves shows the same asymmetric loop as that observed in
the resistivity loop in fields ranging from5to 5T at 5 K
as shown in Figure 5, where the magnetization saturation
could not be achieved at a maximum applied field of 5 T.
The asymmetric resistivity loop starts to melt and tends to
be symmetric near the Curie temperature with increasing
temperature.

The field-dependent resistivity and magnetization mea-
surement were carried out @K for three cycles. However,
the results are identical. It implies that the direction of the

applied magnetic field also affects the magnetization and the
resistivity characteristics at low temperature. In this study,
the effect on resistivity of the application of the positive
magnetic is obvious; the resistivity is significantly reduced
with application of the positive magnetic field, which might
be caused by a magneto-electric phase transformation from
the antiferromagnetic insulating phase to the ferromagnetic
metallic phase driven by a positive field. However, the
resistivity is not reversible by decreasing the applying field,
ot even by applying a negative field. This implies that the
antiferromagnetic insulating state cannot be recovered no
matter how much the applied field decreases even with a
negative field. This phenomenon can be understood by a
phase separation between the antiferromagnetic insulating
phase and the ferromagnetic metallic phase. The antiferro-

(16) Xiao, J. Q.; Jiang, J. S.; Chien, C.Rhys. Re. Lett 1992 68, 3749.
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Figure 5. Applied field dependence of magnetization of Caldxbyg 1-
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magnetic insulating phase has already been suppressed b

the initial application of the positive field and becomes
unstable in this case; therefore, the applied field drives a
magneto-electronic phase transition from the antiferromag-
netic insulating phase to the canting ferromagnetic metallic
phase or the ferromagnetic metallic phase.

The spin glass-ferromagnetic transition occurs at 45.86 K.
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melting with increasing the temperature, and its asymmetric
resistivity loop also is gradually adjusted to be symmetrical
with increasing temperature. This phenomenon can be
understood by the temperature-dependent insulator charac-
terization. Since CaMinNb,O; compound exhibits insulat-
ing characteristics in the temperature range from 5 to 400
K, its resistivity reduces with increasing temperature. So the
difference between the resistivities before and after applying
a field tends to decrease with increasing temperature.
Therefore, the resistivity loop exhibits a melting behavior
with increasing temperature.

Conclusion

In conclusion, CaMpNbyOs crystallizes in an orthogo-
nally distorted perovskite structure. Both the lattice param-
eters and unit cell volumes increase with increasing Nb
content. Nb doping induces the increase of the average
Mn—0 bond length and MrRO—Mn bond angle. CaMn-
NbyOs; compounds exhibit very complicated magnetic and
electric inhomogeneous phases. A magnetic field induced
insulator-metal transition is found in CaMrNby 103 com-
gound. The huge asymmetric magnetization hysteresis and
resistivity loops are observed at low temperature, which
might be interpreted by an electro-magnetic phase separation
between the spin glass antiferromagnetic insulating state and
the ferromagnetic metallic state or the field-induced canting
ferromagnetic metallic state.

When the temperature increases more than this transition Acknowledgment. This work is supported by CARS-
temperature, the spin glass insulating states disappears anif"Versity of Chicago.

induces a decrease of the resisitivity. The resistivity loop is
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