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An influence of hydrostatic pressure, P , on phase transition tempera-

ture, TC, and spontaneous magnetisation, M0, of selected perovskite ruthen-

ates (SrRuO3, La0.2Sr0.8RuO3, SrRu0.9Mn0.1O3, and SrRu0.9Cr0.1O3) was

determined to 12 kbar. A decrease in TC with pressure was found for all of

the studied samples. The M0(P ) remains unchanged for most of the samples,

except for the La0.2Sr0.8RuO3 sample. The weakening of ferromagnetic in-

teractions with increasing pressure is consistent with complex band structure

effects related to the modulation of the Ru–O hybridisation by the change

of structural distortion.

PACS numbers: 75.30.–m, 75.30.Kz

1. Introduction

SrRuO3, the ABO3-perovskite, is known as the only 4d transition metal
oxide that exhibits clear ferromagnetic (FM) properties. The ferromagnetism in
SrRuO3, with TC about 160 K [1], arises from a parallel alignment of magnetic
moments of 4d t2g electrons leading to the low-spin electronic configuration of
Ru4+ ions [2, 3]. Strong Rut2g−O2p hybridisation leads to an itinerant character
of ferromagnetism in this compound, evidenced by metallic conductivity, reduced
magnetic moment, and lack of saturation of magnetisation in dc field of 300 kOe
[3, 4]. Different substitutions in SrRuO3, namely, by lanthanide ions or alkaline
earth ions at the A site [4–7] and 3d transition metal ions at the B site [8], result in
rapid changes of magnetic properties. The heterovalent La3+ substitution for Sr2+

causes a pronounced suppression of ferromagnetism by attenuation of Rut2g–O2p

hybridisation brought by the valence change of Ru and leads to antiferromagnetism

(159)
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in LaRuO3 [9]. The TC decreases to about 75 K for La0.2Sr0.8RuO3 [7]. The
substitution of Ru ion by Mn4+ (d3) eliminates one of the Ru t2g electrons, weakens
the itinerant character of the d electrons, and introduces antiferromagnetic (AFM)
interactions. As a result ferromagnetism is rapidly suppressed to TC = 121 K for
SrRu0.9Mn0.1O3 [10]. The Cr-substitution leads to unique enhancement of TC up
to 188 K [8] for SrRu0.9Cr0.1O3 due to possibility of electron transfer from Ru4+

to Cr4+ (d2) leading to minority-band double exchange (DE) interaction [11].
The external pressure is a useful tool to tune the magnetism in these ox-

ides by compression of the A–O and B–O bonds that may influence the structural
distortion and consequently, the Ru–O hybridisation as postulated by Mazin and
Singh [3]. Neumeier et al. studied the pressure effect on magnetic and trans-
port properties in perovskite ruthenate [12], showing that the value of pressure
coefficient dTC/dP , equal to –0.57 K/kbar, is in qualitative agreement with the
predictions of the Wohlfarth model.

In this paper, we present the results of magnetic measurements performed for
several substituted perovskite ruthenates under hydrostatic pressure to 12 kbar.

2. Experimental details

The stoichiometric SrRuO3, La0.2Sr0.8RuO3, and the SrRu0.9M0.1O3

(M = Mn and Cr) samples have been prepared using standard ceramic synthesis
method [13]. All the magnetic measurements were performed in the temperature
range of 5–250 K at magnetic field up to 16 kOe using a PAR 4500 vibrating sam-
ple magnetometer. A temperature dependence of magnetisation was measured
using zero-field-cooling (ZFC) and field-cooling (FC) procedure, whereas M(H)
dependence was measured after FC in maximum applied field. For these mea-
surements a miniature container of CuBe [14] with an inside diameter of 1.42 mm
was employed as a pressure cell. A mixture of mineral oil–kerosene was used as a
pressure transmitting medium. The pressure at low temperature was determined
by the pressure dependence of the superconducting transition temperature of pure
tin sensor placed near the sample.

3. Results and discussion

From the ZFC and FC magnetisation curves (Figs. 1a, 2a, 3a, 4a) it can be
seen that the ferromagnetic transition temperature TC decreases with pressure for
all samples. TC was determined from the magnetisation M(T ) curves as the tem-
perature of the maximum slope of the derivative of M(T ), –dM/dT . In Figs. 1b,
2b, 3b, 4b hysteresis loops measured at T = 10 K are shown. All samples show the
clear spontaneous FM moment M0, which was extracted by linear extrapolation
of M(H) from a high-field region to H = 0. The existence of M0 together with a
marked divergence between MZFC and MFC at low temperatures confirms robust
ferromagnetism below TC reported earlier for these compounds [2, 7, 8]. The M0

does not change under pressure for most of the samples, except La0.2Sr0.8RuO3,
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Fig. 1. (a) Temperature dependence of MZFC and MFC for SrRuO3 measured at 100 Oe.

(b) Magnetisation hysteresis loops for SrRuO3 at T = 10 K.

Fig. 2. (a) Temperature dependence of MZFC and MFC for La0.2Sr0.8RuO3 measured

at 100 Oe. (b) Magnetisation hysteresis loops for La0.2Sr0.8RuO3 at T = 10 K.

Fig. 3. (a) Temperature dependence of MZFC and MFC for SrRu0.9Cr0.1O3 measured

at 100 Oe. (b) Magnetisation hysteresis loops for SrRu0.9Cr0.1O3 at T = 10 K.

where it decreases with increasing pressure. The observed changes of TC and M0

can be approximated by linear pressure dependence with the pressure coefficients
of dTC/dP and dM0/dP for TC and M0, respectively.
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Fig. 4. (a) Temperature dependence of MZFC and MFC for SrRu0.9Mn0.1O3 measured

at 100 Oe. (b) Magnetisation hysteresis loops for SrRu0.9Mn0.1O3 at T = 10 K.

The decrease in TC with pressure for SrRuO3 was reported earlier and ex-
plained in terms of compressive strain acting on sample [11]. Our pressure co-
efficient dTC/dP = −0.68 K/kbar is in good agreement with that reported in
Ref. [11] (–0.57 K/kbar). A considerable suppression of TC in La0.2Sr0.8RuO3,
when compared to that of SrRuO3 at ambient pressure has been attributed to at-
tenuation of Ru–O hybridisation, caused by chemical pressure from La ion [7].
The external pressure creates further attenuation of Ru–O hybridisation evi-
denced by negative pressure coefficient (–0.67 K/kbar), in such a way that some
magnetic moments become more localised and as a result the Rut2g–O2p–Rut2g

AFM superexchange interactions are expected to develop at the expense of FM
ones [7]. This may also cause a decrease in M0 with pressure (dM0/dP =
−0.07 emu/(g kbar)) for this sample. In the case of SrRu0.9Cr0.1O3 we observe
a weakening of Rut2g–O2p–Crt2g DE interactions evidenced by a decrease in TC

with increasing pressure (dTC/dP = −0.53 K/kbar). The spin-down electron in
Rut2g band becomes more localised giving no contribution to AFM coupling of the
Ru and Cr ions [10]. Therefore, M0 remains constant with increasing pressure.
For SrRu0.9Mn0.1O3 the external pressure probably affects Ru–O hybridisation in
such a way that it limits the itinerancy of the Ru 4d electrons and consequently
weakens the FM coupling. It is evidenced by the decrease in TC with increasing
pressure (dTC/dP = −0.39 K/kbar). The M0 remains constant with increasing
pressure, similar to that of SrRuO3 and SrRu0.9Cr0.1O3. For all these compounds
the FM phase volume does not change under pressure. Thus, unlike substitutions
on the A-site, substitutions for Ru seem to be affected in such a way that only
TC’s are changed [9].

4. Conclusions

An influence of hydrostatic pressure on phase transition temperature, TC,
and spontaneous magnetisation, M0, of (Sr,La)(Ru,Cr,Mn)O3 was investigated.
We observed a decrease in TC with pressure for all of the samples independent of
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the sign of charge doping or its affect on the FM transition. The M0(P ) remains
unchanged for most of the samples, except for the La0.2Sr0.8RuO3 sample, where
M0 decreases with pressure. The weakening of FM interactions with increasing
pressure should thus be associated with a general feature of the band structure
that is related to the modulation of the Ru–O hybridisation by the change of
structural distortion.
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