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Magnetic and transport studies of the compoundg Sg sMn;.,Co0; (0.0=<x<1) have been
carried out. The compositions crystallize in single-phase ortho-perovskite. The conduction
mechanism could be explained using the small polaron correlated hopping model. The thermal
irreversibility in zero-field and field-cooled magnetization data increases with Co content, which is
due to the different spin states of the Co. Transition ot'Gmm high spin/intermediate spin to low

spin state is observed at low temperatures. The nonsatutdtinigbehavior is observed in cobalt
containing samples due to suppression of double-exchange interaction which favors long-range
ferromagnetic order. @005 American Institute of PhysidDOI: 10.1063/1.1845952

I. INTRODUCTION using a vibrating sample magnetomet®SM, Oxford) at

The hole-doped manganites 4,MnO, have been different fields and in the temperature range 5 to 300 K.

studied extensively since the discovery of colossal magne-
toresistanc CMR).! The average A-site ionic radius, size !l RESULTS AND DISCUSSION

variance, and mixed valence state in the manganites affect The samples of the series are indexed with orthorhombic
the magnetic and magneto-transport properties. The partiakycture. The tolerance factét), which is the ratio of A~O
substitution of rare earth ion by bivalent cations leads to the,nq B_0O pond distances in the AB@erovskite, vary from
existence of mixed valence state of Mrand Mrf* fons, 09171 (for x=0) to 0.9284(for x=1). The splitting in the
which facilitates the double-exchang®E) interaction re-  high_angle peaks is observed with Co content due to increas-

sponsible for CMR behavior. Although extensive work hasj,g tglerance factor which is attributed to the structural tran-
been done on B-site substitution, the work of Co substitutionjiion from Pnma(x=0) to Imma (x=1).

on Mn site is ||m|te<f_ o _ Figure 1 shows temperature dependence of magnetiza-
It is well established t6ha(;c cobalt exhibits different Spin ion jn a field of 0.01 T. The thermo-magnetic irreversibility

states’ The low spin(LS, t;¢;) state changes to either high penayior in zero-field cooletZFC) and field cooledFC) is

spin (HS, to€)) or intermediate spirilS, t3eg) states with  opserved in all the samples. This may be observed due to the

increasing temperature. In the present work, we have studieghstration caused by competing superexchai®® and DE
the effect of cobaltCo) substitution on Mn site for the series jhteractions. The DE interaction is stronger  for
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Il. EXPERIMENTAL DETAILS 0.35
Polycrystalline samples of  the series 00T
Nd, /Sty sMn,,Co 05 (0=x=<1) were synthesized through 0255

citrate gel route. The as-prepared powders were calcined at
1200 °C in air for 6 h. The powders were pelletized in the
form of rectangular bars and sintered at 1300 °C in air for
4 h. X-ray diffraction patterns of the samples were recorded
using Cu—K, radiation (PANalytical, PW 3040/60 Philips 0.05
Resistivity measurements at different applied magnetic fields 0.00 | —— bt I D 0.
were carried out between 20 and 320 K using the standard Temperature (K)

four-probe dc method. Magnetic measurements were made

FIG. 1. Temperature dependence of magnetization in a field of 0.01 T for
Nd, 7SKp sMn,,Ca 05 (x=0, 0.3, 0.7, and )lcompounds. Thermal irrevers-
dElectronic mail: dhiren@met.iitb.ac.in ibility behavior is shown in the inset.
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FIG. 3. Isothermal magnetization plots for N&r, sMn;,Co,0O5 (x=0.3,
FIG. 2. Variation of inverse susceptibility with temperature for 0.7, and 1 compounds at 5 K.
Nd, 7SKp sMn,,Ca 05 (x=0, 0.3, 0.7, and Jlcompounds. The HS/IS to LS
transition temperature is indicated by arrows. Inset showi/ttie behavior
in 0.5 T field. x=1 shows the prominent hysteresis behavior. No hysteresis
is observed for sample witk=0.7 and the magnetic moment
is the lowes{0.7 ug/f.u) as compared to that 3.42z/f.u of
P Cd* 2 . - ) - x=0.3 sample. The sample witk=0.3 and 1 shows large
Co"-0"-Ca™.” The strong |rreverS|b'|I|ty_sh0vx(n in the in- y steresis(high coercivity, H,) values of 0.25 and 1.2 T,
set of Fig. 1(particularly for sample witfx=0.3) is charac-  ragpectively. Except fox=1, the nonsaturatinlyl-H behav-
teristic of highly anisotropic compounds. Hence, the larg&q; in gl the cases could be explained on the basis of com-
anisotropy may be on account of Ndon with a large or-  peting DE and SE interactions. DE alone is not responsible
bital angular momenturfL) value of 6 and intermediate spin ¢ the nonsaturating-H behavior in the case ok=1

+ 5 A1 H H i
(IS) state of C8" (t;4ey), which is a Jahn-Telle(JT) ion. sample due to the absence of strong Hund’s coupling. This

Mn3*—0?>—Mn* in  comparison to that of

265

The larger spin-orbit coupling due to these ions and JT dispehavior could be explained on the basis of an increased
tortion plays a significant role. anisotropy of the FM character, which arises due to the pres-

The gradual decrease in peak magnetization is observeshce of orbital moments afiS) Co and N&* ions®’ The
with increasing Co content. All the samples exhibit the parajarge coercivity of 1.2 T for the sample witt=1 also indi-
magnetic(PM) to ferromagneti¢FM) transition at a charac- ates that the Co ioflS) and N&* (L=6) induce a large
teristic temperaturél.. The FM to AFM transition is ob- anisotropy.
served only in Co containing samples at critical temperature  The temperature dependence of resistivity behavior for
Ty, at which Co presumably changes from IS to LS stie.  samples withk=0, 0.1, and 0.3 is shown in Fig 4. The resis-
andTy are determined by the maximum and minimum, re-tjyity data for the compositions= 0.5 were beyond the mea-
spectively, in d/dT plots. In Nd compound C8 ions re-  syrement limit of the instrument. The semiconducting behav-
main in low spin over a large temperature range as comparegy of the sample withk=1 is already reporteliThe ratio of
to La compound due to the greater acidity of the*Ndaith Mn3*/Mn#* decreases with Co content, increasing
respect to L&, which causes an increase in the crystal-fieldcg3*/Ca** ratio. The metal insulatofMI) transition is ob-

splitting> None of the samples follow the Curie-Weiss be-served only in the sample with=0 at 238 K. The resistivity
havior, which indicates the presence of microscopic mag-

netic inhomogeneties as shown in Fig. 2. The deviation from

the linearity in inverse susceptibility versus temperature plot 10°f
suggests that the cobalt K8 IS) state changes to LS state 1
below a critical temperature. The KIS) to LS transition 10'f
temperaturéT, ) for the mother compountk=1) is ~170 K JF
compared to-250 K (Ref. 5 for NdCoO; compound, which 0 10 :
could be due to variation in crystal-field splittidg;. Except é 10 f
for the sample withk=0.7, all others approach near satura- s}
tion in a field of 0.5 T as shown in the inset of Fig. 2. The 10'f
magneto-thermal irreversibility behavior decreases in 0.5 T r
field. The FC plot for sample witk=0.7 gives a small mag- 10°f
netic moment of 0.0&g/f.u as compared to 3.52g/f.u for 0 § .

(-]

x=0 sample. This is presumably due to higher percentage of 50 100 150 200 250 300
Co** which causes frustration at low temperatures. Temperature (K)

Figure 3 shows the isothermal magnetization plots forFIG. 4. Variation of resistivity with temperature for the samples w0,

x=0.3, 0.7, an.d 1.0 samples at.5 K. None of these Sampl%s.l, and 0.3. Lines show the theoretical fitted plots. Inset shows the effect of
shows saturation even up to a field of 6 T. The sample withmagnetic field on resistance for the sample with0.1.
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TABLE |. Parameters used to fit th€T) data for the series NgSr, sMn;_,Ca,05 (0.00<x=1). The phonon frequency,,=5X 10" Hz anda=3.858 A has
been taken. " is the number of charge carries, is the value of small polaron stabilization energy, is an atomic ordering temperature, adg is the
activation energy. The values of tolerance fadtyr Ty, T, Ty, TL and the maximum magnetizatigM,,,) in a field of 0.5 T are also summarized.

T Te M, T Ty n & Uo Tea
X t (K) (K) uslfu (K) (K) (X109 crrd) (K) (K) (K)

0.0 0.9171 238 230 3.52 ~250 e 48.1 60 350 270

0.3 0.9204 e 140 2.18 155 23 10.22 630 700 350

0.7 0.9249 e 115 0.08 125 25 e

1.0 0.9284 o 160 0.66 170 50

values increase as the concentration of cobalt ion increasé¥. CONCLUSIONS

due to suppression of DE that leads to ferromagnetism. The  p|| the samples of the series NeBr, sMn;,CoO5 (0

population of Co(IS) changes to LS state at low tempera- <y<1)  crystallized in orthorhombic structure. The

tures, which creates an additional distortion in the lattice d“?nagneto-thermal irreversibility iM(T) data increases with

to the smaller ionic size of the low spin &don. As aresult,  co content due to the Hr IS) state to LS state transition.

buckling of CoQ octahedra increases, which in turn affects e |arge coercivity and thermal irreversibility are attributed

the charge transfer integral along the Co-O—Co bdridis g the anisotropic nature arising due to({3) state, which is

effect is probably the reason for monotonous increase in thg jT ion and N&" ion with a large orbital moments. The

resistivity behavior of the Co-containing samples. The feSiSnonsaturating/l-H behavior is due to the competing DE and

tivity data have been understood using the correlated smafig interactions and large anisotropy. The resistivity values

polaron-hopping model discussed in detail elsewi@efit  increase with the cobalt concentration. The conduction

the resistivity data for the sample wix¥0, 0.1, and 0.3, we  mechanism could be understood by small polaron-correlated

have used® =1, 03=(1-0.75t3)Y/2 The chemical and fitted hopping model. The intergrain tunneling mechanism is pre-

parameters for this series of compounds are summarized gumably responsible for high MR behavior at low tempera-

Table 1. ture. Overall magnetic as well as transport properties could
The spin—spin scattering increases as the concentratidse attributed to the HS/IS to LS transition in cobalt ion and

of Co increases. The activation energy for polaron hoppincigh orbital contribution due to Nd ion.

as well as small polaron stabilization energy is high in the

case of Co-substituted system. The number of charge carrieffCKNOWLEDGMENT
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