Electron spin resonance studies in the Pry;SrosMn;«Ru,O3 (x =10, 0.1)
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Abstract :

The effect of the substitution of ruthenium for manganese in a series of Pry,SrosMnO;
has been studied by electron spin resonance (ESR) for temperature ranging from 130 K to 300
K. The ESR spectra display a single line in the whole temperature range. The temperature
dependence of the line width and the effective g factor (g.sr) show the presence of the C-type
antiferromagnetic to paramagnetic (AFM-PM) transition at about 275 K for both doped and
undoped samples. The larger increase of g.sr for the composition Pry,SrosMng9Ruy 03 was
attributed to the presence of ferromagnetic (FM) interactions in the AFM state. Such a

presence was confirmed by an increase of the magnetization values to 0.17up at 5 K.
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Perovskite manganites with mixed manganese valence, Ln; AEMnO; (Ln is a
trivalent lanthanide, AE is a divalent alkaline-earth), demonstrate a rich variety of physical
phenomena such as colossal magnetoresistance, charge and orbital ordering and phase
separation. The electrical and magnetic properties can be modified by the substitution ions
with different size and valence state at (Ln, AE) and Mn sites [1-2]. The electron spin
resonance (ESR) was shown to be very sensitive to these magnetic properties and short-range
interactions [3]. Occurrence of ferromagnetism and metallicity (FMM) responsible of the
CMR properties in the compounds Ln; yAExMnOj; are explained by the double exchange (DE)
mechanisms between Mn®>" and Mn** species [4]. Recently, it was observed that the CMR
effect was considerably modified when the FMM and antiferromagnetic insulator (AFMI)
ground states compete to give a magnetic phase separation state at low temperature [5]. For
Mn*"-rich compounds, the substitution at the Mn site by a magnetic cation with a formal
change higher than 4+ showed the possibility to create FM in a AFM matrix, because not only
it changes the carrier density but also introduces a change of interactions between Mn ions
and the substituted cations [6]. Ru is a potential candidate to induce metallicity and
ferromagnetism in these manganites due to its ability to adopt two valences Ru*" and Ru’",
which can both participate to strong super-exchange FM interactions with Mn®" [6-8]. In this
paper, we focus on the substitution of Ru for Mn in the Prj,SrosMnO; manganites studied by
electron spin resonance [3, 10].

Polycrystalline samples (Pry,SrosMnO; and Pr,SrosMngoRuy ;O3) were prepared by
an organic gel-assisted citrate process, followed by a thermal treatment under argon flow at
1250°C for 12h and an annealing under O, at 800°C for 8h. The powder X-ray diffraction
patterns were recorded at room temperature by using a D8 diffractometer (6-20) with a CuK,,
radiation. Crystallographic parameters were derived by the Rietveld method. X-band (v = 9.5

Ghz) ESR spectra, namely antiferromagnetic resonance at T < Ty (Neel temperature) and



paramagnetic resonance at T > Ty, were measured in a temperature range 130 K < T <310 K
with a Bruker ER 200 ESR spectrometer. Magnetization measurements were carried out using
a Superconducting Quantum Interference Device (SQUID) in the temperature range 5 K to
400 K during warming after a magnetic field of 1.45 T was applied at low temperature (zero
field cooling process).

The undoped compound exhibits a weak tetragonal lattice distortion with the [4/mcm
space group. The cell parameters and the volume refined with Fullprof program [11] are close
to a = 5.3992(2) A, ¢ = 7.6434(5) A and V = 222.82(2) A’. The increase of both cell
parameters and volume induced by Ru substitution corresponds to an increase of the
tetragonal distortion with Ru content, without change of the space group.

Figures 1 and 2 exhibit the temperature dependence of a few typical ESR signals for
the Pro,SrosMnO; and Prg,SrosMngoRup 03 compounds. The evolution of the absorption
signal curves is very similar for the both compounds. As the temperature decreases, the signal
amplitude increases and reaches a maximum at 275 K and then decreases. This temperature
corresponds to the transition temperature from paramagnetic state to antiferromagnetic state
(PM-AFM), i.e. the Neel temperature. g.sr was calculated via gesr = hv/UpHies, the linewidth
(AH,p) was deduced from the peak-to-peak distance between the maximum and the minimum
of the derivative of the ESR absorption. They are shown respectively in figures 3a and 3b for
Pry,SrpsMnO; and 4a and 4b for Prj,SrosMngoRug 10s. In the paramagnetic state, the central
field at 300 K is equal to 3370 G corresponding to g close to 2 which is a typical value of
the free electron response for doped manganites in this magnetic domain. In this state, g is
independent of the temperature. The signals show a relatively narrow (AH,, = 250 G)
Lorentzian type line which exhibits a weak temperature dependence.

Below Ty, the spectra are characteristic of the antiferromagnetic resonance of the

AFM ordered Mn moments [3]. The linewidth (AH,,) increases gradually over the



temperature range from 275 K to 130 K due to the strong spin correlation (figures 3b and 4b).
It can be noted that below Ty, the absorption line shifts from the centre field position and is
asymmetric (figures 3a and 4a). g increases from a value close to 2 up to reach 2.9 at T =
130 K for the undoped compound. But, the shift of the resonance line is weak, and contrary to
what is observed in FM phases, the signal remains a single line. Indeed, if long-range FM
domains existed in this material then the peak develops into two or three peaks at low and
high field. The doped compound exhibits too a single line with a g.s value which enhances up
to a value close to 4.25 at 130 K, significant of the appearance of FM interactions in the
compound.

This fact is in agreement with the magnetization measurements recorded at 1.45 T in a
temperature range from 5 K to 400 K (figure 5). The M(T) curve of the Pry,SrosMnOs
compound shows that the magnetization at 4 K reaches a value close to 0.085 ug/f.u.,
confirming an AFM ordering of the Mn>" and Mn*" charges. However, a bump can be
observed at 275 K and below this temperature the curve increases slightly, indicating the
existence of a weak canting for the undoped compound. This bump was already observed in
the literature and was explained as a signature of a charge carrier segregation phase [12]. This
fact confirms the shift of the resonance field on the ESR curves (figure 1). The introduction of
10 per cent Ru on Mn site leads to a slight increase of the magnetization at low temperature,
up to a value close to 0.17 pg/f.u. (figure 3), that shows that FM interactions are induced by
the substitution within the AFM matrix. But the FM interactions remain weak in these doped
manganites, indicating that the Ru do not generate a long-range FM order in the matrix.

The ferromagnetism can be explained by the Ru for Mn substitution, which induces
Mn>* species in the Pro,f+Sr0,82+Mn0,23+Mn0.g4+03 compound and thus allows Mn>"-O-Mn*"
DE interactions to develop in the AFM matrix. For that, the Ru must adopt an oxidation state

superior than (IV) to create some Mn®" species [13]. But, the Ru effect is weak compared with



compounds containing the same ratio Mn*>*/Mn*" and Ru for example Smy,CagsMng9Rug ;03
[9]. In comparing the Ru effect in Smg,CagsMngoRuy ;03 and Pry,SrosMngoRug 03, the
moment value reaches 1.7 ug/f.u. and 0.17 pug/fu. at 4 K respectively. Both samples display
the same magnetic structure (C-type) at low temperature, but Smy,CapsMnOs is near a cluster
glass transition, which makes the appearance of FM by Ru doping easier.

The ESR data evidences that Ru-doping modifies the magnetic ordered states and
creates a phase separation magnetic state in Pry,SrosMngoRug ;O3. Further investigations on

other compositions and other substitutions are in area to support these results.

Acknowledgements
The authors are grateful to A. Maignan (CRISMAT UMR6508—Caen) for many

discussion and the magnetization measurements.



References :

1 — C.N.R. Rao and B. Raveau, Eds. Colossal magnetoresistance charge ordering and related

properties of manganese oxides (World scientific, Singapore, 1998)

2 —Y. Tokura Colossal magnetoresistive oxides (Gordon and Breach, New York 2000)

3 — C. Autret, M. Gervais, F. Gervais, N. Raimboux, P. Simon Solid State Sciences in press

4 — C. Zener Phys. Rev. 82 (1951) 403

5—C.N.R. Rao, P.V. Vanitha and A.K. Cheetham Chem. Eur. J. 9 (2003) 829

6 — B. Raveau, M. Hervieu, A. Maignan and C. Martin J. Mater. Chem. 10 (2000) 1

7 —P. V. Vanitha, A. Arulraj, C.N.R. Rao C.R. acad. Sci. Paris, série Ilc (1999) 595

8 — C. Martin, A. Maignan, M. Hervieu, C. Autret, B. Raveau and D.I. Khomskii
Phys. Rev. B 63 (2001) 174402

9 — C. Autret, C. Martin, A. Maignan, M. Hervieu, B. Raveau, G. Andr¢, F. Bourée, A.
Kurbakov and V. Trounov J. Magn. Magn. Mater.241 (2002), 303-314

10 — A. I. Shames, A. Yakubovsky, V. Amelichev, O. Gorbenko, A. Kaul Solid State Comm.
121 (2002) 103

11 —J. Rodriguez-Carjaval Physica B 192 (1993) 55

12 — K. Knizek, J. Hejtmanek, Z. Jirak, C. Martin, M. Hervieu, B. Raveau, G. André and F.
Bourée Chem. Mater. 16 (2004) 1104

13 — B. Raveau, A. Maignan, C. Martin and M. Hervieu Mat. Res. Bull. 35 (2000) 1579



Figure captions :

Figure 1 : ESR spectra of the Pry,SrosMnO; sample measured from 130 K to 320 K with a

step of 10K.

Figure 2 : ESR spectra of the Pry,SrosMng9Rug ;03 compound measured from 130 K to 320

K in a field from 0 to 7000 G.

Figure 3 : Temperature variation line of the line shape parameters for Pry,SrosMnO;

compound, upper panel : g.s-factor, lower panel : peak to peak linewidth AH,,

Figure 4 : Lineshape parameters for Pr,SrosMngoRug ;03 : ges-factor (upper panel),

linewidth (lower panel)

Figure 5 : T dependence of the magnetization (M) for Pry,SrosMnOs; and

Pro2Sr9sMng9Rug 103 upon warming in a 1.45 T after a zero-field cooling down to 4 K.
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