Pressureinduced ferromagnetic metal for a Mott insulator Cag RuQOy
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Abstract

We show that application of very modest pressures to pure Cap RuQOy4 transforms it from an antiferromagnetic Mott
insulator to a quasi-2D metal with a ferromagnetic ground state. The smallness of the moment compared with the
saturated moment of the localized Ru* ion reflects the itinerant character of the magnetism.
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As well known, the quasi-two-dimensional (Q2D)
Mott transition systems, especially Ru214 systems,
show the rich variety of exotic magnetic and electronic
properties: for instance, insulator-metal (IM) transi-
tion, spin-orbit coupling, ferromagnetism, antiferro-
magnetism (AF) and unconventional SC. SrzRuOq4
(SRO) exhibits SC below 1.5K [1], and it is widely
believed that the Cooper pairs from in a triplet state
[2]. Moreover, many normal-state properties of SRO
are interpreted in terms of a Q2D metal in the vicin-
ity of a Mott transition [3,4]. In contrast, CazRuO4
(CRO), which has a larger U/W than SRO, is a Mott
insulator below 357K with antiferromagnetic (AF)
ordering below Tx = 113K as indicated by a number
of measurements [5]. Previous work has paid much
attention to Cag_,Sr;RuO4 (CSRO) as a unique sys-
tem to link a Mott insulator to a Fermi Liquid with
SC through tuning U/W [6]. To explore the under-
lying ground state and possibly a new SC phase in
this system, pressure is generally to be preferred to
chemical doping because pressure does not introduce
disorder though a chemical doping is an effective and
convenient method to control U/W. Here, we report
resistivity and susceptibility measurements in CRO
under hydrostatic P.

1 E-mail:fumihiko@hiroshima-u.ac.jp

Preprint submitted to LT23 Proceedings

We measured the in-plane and out-of-plane resistivi-
ties pab, pc using single crystal CRO. The pressure vari-
ations at 300K are plotted in Fig. 1. With pressurising
up to 0.5 GPa, both pg» and p. decrease monotonically.
At 0.5 GPa pgap and p. drop discontinuously by approx-
imately four and two orders of magnitude, respectively.
Above the discontinuous drop, however, p. turns to in-
crease whereas pq1, decreases monotonically. Moreover,
the anisotropic ratio pc/paes ~ 2 in the insulator phase
jumps to about 100 in the metallic phase. The discon-
tinuity indicates that the insulator-metal (IM) transi-
tion at 0.5 GPa is of first order.

The IM transition is interpreted in terms of analogy
with the phase transition in pure CRO at 360K. It is
reported that in pure CRO above 360K the metallic
phase is L-Pbca structure, with smaller volume and
less distortions than the T' < 360 K insulating S-Pbca
phase [8]. Application of P will stabilise the smaller
volume phase, so we expect that at the IM transition
CRO also changes from S-Pbca to L-Pbca.

The inset shows pu» and p. as a function of tem-
perature. At P <0.5 GPa, both ps» and p. show an
activation-type increase. In contrast, the pressurised
CRO (2GPa) shows a Q2D metallic nature above
~20K. That is, pas(T") shows metallic (dpay/dT >0)
conduction whereas p. exhibits a weak increase indi-
cating a nonmetallic conduction. The anisotropy ratio

14 June 2002



: T T : T ——
10° £ Pl 3
10° 0.1MPa E
£ P, ]
2 i3 ab
10° F %100 Ca,Ru0, E
T oo 3 ]
o § e 2GPa
g/ 0 \ w10 Pap i
>, 107 ¢ 10°
£ ; 0 100 200 300 ]
= -1 Temperature (K)
o 10 ¢
I77) E . ]
€ 102 f—
P i
-3 Ca,RuO ]
10 3 2 4 P 3
£ \\ ab  j
4 | 1
10 E n 1 n 1 n 1 n 3
0 2 4 6 8

Pressure (GPa)

Fig. 1. pa» and p. measured at 300K with increasing pressure
up to 8GPa. The discontinuous drop at 0.5GPa indicates an
Mott transition. Inset shows temperature dependence of pgp
and p. measured under 0.1MPa and 2GPa.

reaches up to about 1000 at low 7. Thus, the Q2D
nature of the metallic state is comparable with HTC
or SRO.

Here we can see another prominent feature that both
pav(T) and p.(T') curves at 2GPa shows remarkable re-
duction below T ~20K. p.(T") turns from nonmetal-
lic increase to a rapid decrease indicating some transi-
tion. At the T* corresponding to the kink in the p.(T")
curves, pqb(T) also shows a rapid reduction towards a
residual resistivity as low as 3 €2 cm. Generally speak-
ing, a reduction of resistivity observed in a magnet-
ically ordered state is interpreted in terms of a sup-
pression of the magnetic scattering. To clarify what
is happening in P-induced metallic CRO below T,
the magnetization measurements were performed un-
der P using a piston-cylinder clamp cell with a commer-
cial SQUID magnetometer (Quantum Design, model
MPMS).

Figure 2 shows magnetization-field (M-H) curves
measured at 2 K with H,. under ambient pressure
(AF insulating phase) and 0.7GPa (metallic phase). A
hysteresis indicating a FM ordering can be seen in the
curve at 0.7GPa although no hysteresis was observed
at ambient pressure. The remnant magnetisation is es-
timated to be about 0.09 ug. Nevertheless, the itin-
erant character of the magnetism is indicated by the
quite small moment than the saturated moment 2up
of the localized Ru** ion.

The M-H curves were also measured at several fixed
temperatures under P = 0.7 GPa. The hysteresis loop
was observed below ~ 12 K, which is comparable to
T* near 1 GPa. Thus, we can understand that the re-
markable drop in p(T) at 7™ is most probably due to
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Fig. 2. Magnetisation curves for 0.1MPa and 0.7GPa, mea-
sured at 2K. Hysteresis indicating FM ordering is observed at
0.7GPa, where the system is metallic in the corresponding re-
sistivity measurement.

reduced magnetic scattering at a FM transition.

In conclusion, it is indeed tempting to see that the
pressurised CRO exhibits a wide variety of interesting
phenomena, especially a transition from AF insulator
to a Q2D metal with a FM ground state. From analogy
with CSRO, we infer that the complicated electronic
and magnetic properties might be strongly coupled to
structural changes. The occurrence of actual FM order-
ing is unique and does not found in the doped system
where disorder is introduced. Intrinsic phase-diagram
thus appear only under P[9]. Much attention will have
been paid to the comparison of the properties of the
itinerant-FM in the Q2D-system with theoretical pre-
dictions [10]. Moreover, strong interest will be paid for
the measurements at higher pressures as a crucial test
of the connection between the triplet SC of SRO, and
the itinerant FM of CRO.
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