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The magnetic and electrical transport properties of ¢f@a, 3MnO; (LCMO): xSICN (x
=0-40vol %) composites, synthesized by mechanical mixing of citrate gel derived LCMO and
polymer derived ceramics SiCN, have been investigated as a function of composition. The ability of
SiCN to behave as a sintering additive leads to interesting magnetic and electrical propéffies. Si
being strongly favored for tetrahedral coordination, cannot enter the perovskite lattice. Saturation
moment,M g of 68 emu/gm at 5 K and at 5 kOe field of pure LCMO shifts to 79 emu/gm in the
sample withx=0.05 and then decreases monotonicallyiascreases further. The lowéig, T¢

and high electrical resistivity of the sample witk- 0, compared to those which have been reported

in the literature, is due to small particle size in nm range. SICN as a sintering aid increases the
particle size of LCMO to 1-2um for x=0.10. Three orders of magnitude change in electrical
resistivity (204 Q) cm for x=0;0.5€) cm for x=0.05) is explained on the basis of the difference in

the mobility of the charge carriers, by fitting the experimental transport data with a correlated
polaron hopping model. @004 American Institute of Physic§DOI: 10.1063/1.1667447

Mixed oxide of rare earth and transition metal elementso demonstrate the effect of a conducting phéSKCN) on
of the type Lg _,, CaMnO; has spurred considerable inter- the transport and magnetic properties of LCMO. We have
est since the discovery of colossal magnetoresisteDbR) used x-ray diffraction’ XRD), scanning electron microscopy
in these systems in 1993CMR effect in these compounds is (SEM), M vs T, p vs T, and MR vsT to characterize these
mainly due to the double exchange process as proposed Ispmposites. A correlated polaron hopping mddeds been
Zenef in 1951. Among the various perovskite manganitesused to explain the transport properties.
substitutions at the La sitdA site) and at the Mn sité(B LCMO-SICN composites containing 5, 10, 20 and 40
site) have been extensively tried to enhance the CMR effectvol % of SICN have been synthesized by solid-state me-
Attempts have also been made to increase the MR througphanical mixing of citrate gel derived LCMO and polymer
the formation of some composites® derived ceramics(PDC) SiCN followed by sintering at

In the present work we have incorporated SiCN, a po|y_higher temperatures. Co.ndlljcting SiCN was prepared from
mer derived ceramicsPDC), as the second phase in commerc_:lally available Ilqwd polymer precursor, Ceraset.
Lag 6/Ca 5MnO; (LCMO) matrix. The main objective of C_omposne p_ellets were sintered qt 1100 °€ Zoh in static
this study is to synthesize a homogeneous composite whefd" The details of str_uctural, e!ectrllcal a'nd magnetotransport
SIiCN is expected to be present at the grain boundaries o?tUd'eS have been discussed in this ar.tlcle. )
LCMO either as bare SiCN or as any reaction product be- The XRD patterns of the composites .ShOW r_eflectlons
tween LCMO and SiCN. Since St is unlikely to enter the porrespondmg to the LCM.O phase alo_ng_ with the lines from
perovskite structure of LCMO owing to its strong preferenceInsulatlng phase Gaag(Si0;)¢0,. This insulating phase

o . ST crystallizes gradually as the vol % of SICN increases in the
for tetrahedral coordination, the present investigation 'ntendéomposites Cubic symmetry is observed in all the samples

The lattice parameter shows no significant change. This
aAuthor to whom correspondence should be addressed; electronic maifNOWS t.hat the St9|Ch'0me_try of th.e. LCMO phaS(_a was pre-
munmunai@mailcity.com served in all specimens with no 'Si incorporation into the
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TABLE |. Magnetization and electrical transport parameters of the LCM8CN (0<x=<0.40) composites
obtained from the experiment and from the fitting of the experimental resistivity data based @y d&scribed
in Ref. 13. The termm is the charge carrier density, is the activation energ¥ is the variable dependent on
magnetic scatterindl, is the charge order temperature angis the small-polaron stabilization energy.

n
a Tc Ms Tw pwmi (107 Uo Tea €p
X A) (K) (emulg (K) (Qcm  %WMR cm®)  (K) k K)  (K)
0 3.87 180 68 169 204 74 2.1 755 3.2 275 500
0.05 3.88 260 79 265 0.15 61 82.2 415 1.4 265 274
0.10 3.87 256 73 265 0.19 62 74.7 495 1.2 260 274
0.20 3.87 254 54 262 0.88 63 19.1 535 1.2 260 274
0.40 3.85 248 32 253 14.2 59 1.5 575 1.5 260 274

LCMO lattice. The lattice parameters of all the compositesgrowth of the LCMO particle and improves the LCMO in-
are given in Table I. terparticle contact. Mahest al1° have also observed a sup-
The ESEM micrographs of pure LCMG€ 0) show the  pression of susceptibility as the particle size of LCMO was
presence of clusters in the matrix. Each cluster contains verglecreased. The saturation moment for LCM@GICN com-
fine particles whose diameter is much less than a microrposites marginally increase for=0.05. Forx>0.05, Mg
Addition of SiCN in LCMO matrix acts as a sintering addi- decreases witk as would be expected due to the decrease in
tive. The microstructure of the sample wik+0.10 shows volume fraction of the LCMO phase and increase of the non-
particles with diameter of the order of 1¢2n. The presence magnetic phases containing LLag(Si0,)0, in these com-
of the insulating phase, silicate, in the LCMO matrix is seenposites. All the composites show similar behaviolfas a
in the micrographs as the black areas. function of T except for a small upturn kink at around 50 K
The temperature dependence of magnetization of thhich develops fox>0.05. Such anomaly has been reported
CompOSiteS, measured at 5 kOe fleld, is shown in Flg 1. Th@ar“er in Composites of LCMO with SrT@ and S|Q7 as
saturation magnetizatiohs, at 5 kOe and at 5 K for pure el|l as some substituted LCMO samplés? This has been
LCMO (x=0.0) is 67.9 emu/g and a brodct (measured explained on the basis of local microscopic magnetic
from the minimum of thedM/dT vs T curve and given in  jnnomogeneitie’ or due to the presence of the paramagnetic
Table ) is 180 K. The magnetization reaches nearly zero aMno, phase in the compourld.We did not observe Mn®
around 270 K. If all the M3 and Mn"* spins were aligned phase in XRD but for higher vol % of SICNE&0.10) we
parallel due to double exchange, the value expected for purgyy|d observe some Mn rich phase in ESEM microstructure.
LCMO (assuming spin only momentvould be approxi-  The variation of Mg, with composition(x) has been plotted
mately 98 emu/g. Thg reduced value of the saturation Moy, the inset of Fig. 1. The decrease s with vol % SiCN
ment (Mg) and transition temperaturel¢) of pure LCMO  g4ded(x) is much more than what can be expected on the
V\{lth wide transition is due to the extremely small partlcle; basis of the nonmagnetic SICN phase only. This indicates
sizes as well as the presence of FM clusters in the matrixy, 5 sic reacts with part of the LCMO to form the insulat-
Addition of 5 vol% SICN in pure LCMO helps in ing CaLlag(Si0,)¢0, phase thereby reducing the magnetic
LCMO phase further.

100 The resistivity versus temperature curves in the range
: At 5 kOe wf ~—__ A5K0e ® Emw 5-375 K are given in Fig. 2. All the compositions show a
S0 L \\\ij"" distinct metal-insulator transitiof,, at a temperature close
so| 005 . ) to their ferromagnetic transition temperatufig; (Table ).
- 92: The peak resistivitypy, , drastically drops from 204) cm
or for pure LCMO x=0.0) to 0.15Q) cm for x=0.05 which is

0.1 0.2 03 04

Vol Froation SIGN) about three orders of magnitude less. The metal-insulator
transition temperature also shifts to 265 K for the sample
with x=0.05 from 169 K for pure LCMOX=0.0) and then
decreases marginally asincreases further. The increase in
Tw and decrease in resistivity with the addition of SiCN in
LCMO are due to the particle size effect discussed earlier.
The lowerT,, of the pure LCMO is observed earlférand

has been ascribed to the presence of the nonstoichiometric
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T o0 T 1 200 20 300 350 The resistivity has been examined using the dc hopping
T (K) resistivity based on the correlated small-polaron hopping

FIG. 1. Magnetization behavior of the composites LCMSICN (0<x model discussed in de;?B elszeXVhé‘}é—'o fit 30ul|;2reS|St|VIty
=<0.40) with temperature at 5 kOe field. Inset shows the variation of satu-data we haV(-;,'( usecBa— 1_, Ta™ (1_ 0-93ca) and (1
ration magnetizatiotmeasured at 5 kOe figldvith composition x. —Sn)%=(1-m), wherek is a variable dependent on the
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0.1 3 FIG. 3. Magnetoresistivity behavior of the samples with temperature for
LCMO:xSICN (0=x=<0.40). Inset shows the magnetic field dependence of
10F MR for the sample withx=0.05 and 0.10.
B as also suggested by Maheshall° The magnetic field de-

pendence of MR is shown in the inset of Fig. 3 for the

compositionx=0.05 and 0.10. The low field MR behavior
T(K) supports the grain boundary scattering of the polarized elec-

FIG. 2. Electrical resistivity behavior of the composites LCMSICN (0 trons. Mahendiraret alX® have observed a similar effect of

=<x=0.40) with temperature. The solid lines are the fit to the experimentallOW field MR behavior for their pure LCMO and have ex-

data. plained the low field region to arise from the motion of the

domain walls and the high field region to arise from the

compositions(x). The # added toT in the cosh term, com- gradual increase of the spontaneous magnetization on appli-

pared to the original equation discussed in Ref. 9, is to takeation of the magnetic field.

care of the zero point vibration of the atoms which prevent  Therefore, the magnetic and electrical trasport properties

the complete localization of the polarons &s-0 and is of LCMO:xSiCN composites are greatly affected by the par-

taken as 50 K to fit the experimental data. The coefficienticle size.
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