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Abstract

The paramagnetic g-value and linewidth of Nd0.5Sr0.5MnO5 single crystal show the presence of spin clusters in the

paramagnetic state. The anisotropy field splits the spectra below 250K (TC). An A-type antiferromagnetic phase

(TN B 225K) is found to coexist with the ferromagnetic phase down to the charge ordering temperature of 150K, at

which a transition takes place also to a CE-type antiferromagnetic state.
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The rare-earth manganese perovskites, (RMnO3; R =

La, Nd, Pr, etc.), when doped with alkaline earths, (R1–x

AxMnO3; A=Ca, Sr, Ba, etc.), exhibit colossal magne-

toresistance (CMR) and an insulator-to-metal transition

concomitant with a paramagnetic to ferromagnetic

transition [1]. When the doping concentration is

increased to x=0.5, the ferromagnetic metallic phase,

upon cooling, undergoes another transition at lower

temperatures to a CE-type antiferromagnetic insulating

phase. Many experimental studies [2] suggest that the

CE state is inhomogeneous.

We report here an ESR study in single crystals of

Nd0.5Sr0.5MnO3 (NSMO 0.5) aimed at understanding

the temperature evolution of the magnetically ordered

phases. ESR measurements were performed using a X-

band Varian E-112 continuous wave spectrometer from

425 to 100K. A spherical crystal of diameter B1mm,

whose axes were determined using a Laue camera in

back-scattering geometry, was used for the measure-

ment. The c-axis of the crystal was aligned parallel to the
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static magnetic field. The angular dependence was

measured by rotating the sample with respect to an axis

perpendicular to the magnetic field.

A single asymmetric line was observed in the

paramagnetic state. The asymmetric line shape, which

is observed up to 425K, is due to the effect of the skin

depth. The skin depth of our sample is calculated to be

0.03mm, which is much less than the sample size of

1mm. When the temperature is reduced below 250K

(=TC), the spectrum splits, and the lines broaden. Two

or three asymmetric Lorentzians [3] were used to fit the

experimental data at various temperature ranges.

The g-value, which is calculated using DPPH as g

marker, is found to increase with decreasing temperature

in the paramagnetic state from 1.80 at 425K to 1.96 at

250K (Fig. 1a). This increase is attributed to orbitally

ordered spin clusters based on the neutron diffraction

study of Kawano et al. [4] on NSMO 0.5. A similar

increase was seen in Nd0.5Ca0.5MnO3 whose charge

ordering temperature is higher than the antiferromagnetic

transition [5]. Thus orbital degrees of freedom have an

appreciable influence on the nature of these spin

correlations in manganites even in the paramagnetic state.

The paramagnetic linewidth DHpp is found to increase

in a quasilinear manner with increase of temperature
d.
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Fig. 1. (a) Plot of g vs. temperature in the paramagnetic state.

(b) Plot of DHpp/DHpp(N) vs. temperature in the paramagnetic

state. The continuous line shows the calculated values.

Fig. 2. (a) Plot of resonance field vs. Temperature. (b) Angular

dependence of ESR spectra at 235K.
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and is described by an equation of the form [6]

DHppðTÞ ¼ DHppðNÞ½C=Tw�;

where C/T is the single ion (Curie) susceptibility, w is the

measured paramagnetic susceptibility and DHpp (N) is

the linewidth expected at temperatures high enough for

the DC susceptibility to follow a Curie–Weiss law. This

dependence of DHpp (T) in manganites, which results in

a universal temperature dependence of the ESR line-

width in a scale normalized to TC, is attributed to the

existence of magnetic clusters well above TC. Thus the

observed temperature dependence of the linewidth

supports the existence of orbitally ordered spin clusters

inferred from the temperature dependence of the

paramagnetic g-value. Fig. 1b shows the linewidth of

NSMO 0.5 single crystal plotted on this universal curve

against the reduced temperature, T/TC.

Between 250 and 230K the spectra split into two lines

(Fig. 2a). This line splitting could be due to the

magnetocrystalline anisotropy of the ferromagnetic sam-

ple, when the field is not applied along the easy direction

of magnetization. The presence of magnetocrystalline

anisotropy was confirmed by the approximately sinusoi-

dal angular variation of the resonance field of line I as

shown in Fig. 2b. The asymmetry could be due to

(temperature dependent) differences in the lattice para-
meters from their room temperature values. The single

line, which is observed in the Q-band ESR measurements,

shows that the magnetic field of 12500G is sufficient to

magnetize the sample completely in the field direction and

that this field is greater than the anisotropy field.

Below 225K, both lines I and II split further into two

lines each (Fig. 2a). One of the split components of line I

(Ib) was too weak to be analysed and its temperature

dependence is not discussed any further. However, it is

prominently observed when the angular variation of the

lineshape was recorded at 180K. This splitting could be

due to the A-type antiferromagnetic state, which is

found to coexist with the ferromagnetic state below

225K as observed by Ritter et al. [7] from neutron

diffraction. The sinusoidal angular dependence which

was also found in the resonance fields of lines Ia and IIa

indicates the existence of two different values for the

anisotropy field in this temperature region.

Below 180K, the resolution between lines Ia and IIa

decreases markedly and a single asymmetric line is

observed, line IIb still being present at low fields. The

intensity of the lines is nearly constant down to the

charge ordering temperature TCO (150K). This change

in line shape coincides with the onset of the CE state

below 180K as shown by Ritter et al. [7].

In conclusion, the ESR measurements on NSMO 0.5

single crystal show the existence of orbitally ordered spin

clusters in the paramagnetic state. Thus, orbital degrees of

freedom have an appreciable influence on the dynamical
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spin correlations in manganites even in the paramagnetic

state. The temperature evolution of coexisting ferromag-

netic, A-type antiferromagnetic phases in the interval 250–

180K can be explained from variations in magnetocrystal-

line anisotropy. A further transition from A-type to CE-

type of an ordering is also observed below 150K.
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