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Pressure effect on quasi-one-dimensional charge transport in PrB&u,Og:
Magnetotransport study
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The electrical resistivity and the magnetoresistance of JBB®g; have been measured under hydrostatic
pressure up to 1.0 GPa. It was found that magnetoresistance is sensitive to the applied pressure below 100 K
where the resistivity shows metallic behavior. This suggests that the interchain hopping energy is increased by
pressure, which makes the low-temperature electronic state more two dimenss@if3-18209)01505-2

Electric and magnetic properties of low-dimensional elec-energyt, . The existence of, results in the crossover from
tron systems have attracted much attention since the discothe quasi-1D to the quasi-two-dimensiori@D) electronic
ery of highT superconductors. Of these, a one-dimensiona$tate at a certaiit wheret, exceeds the thermal fluctuation
(1D) metallic chain is of particular interest. Because of the€nergykeT (i.e.,t, >kgT). The crossover is evidenced by a
simplicity of the models, the exact solution is available for'@pid increase of the Hall coefficient and the magnetoresis-
some 1D Hamiltonians such as the 1D Hubbard médel,tance’ and the small thermoelectric power below 100 K.

which can directly be compared with the experimental re- It is quite attractive to study how such an anisotropic elec-
it of th y D % | d 1Ph icall tronic system behaves under pressure because a variety of
sults of the appropriate model compounds. Theoretically, 3ectronic states such as superconducting and density-wave

1D metgl is _not a conv_ent|o_nal Fe_rml liquid unlike the SYS-states, and a transition between them could be realized in 1D
tems with higher spacial dimensions but a so-called Luttonductor$ Even in the absence of such an ordered ground
tinger liquid where the spin and charge degrees of freedorstate, applying pressure is one of the promising experimental
can move separately in space. This has promoted an expetechniques to change dimensionality of the system through
mental survey of the systems with conducting chains to inthe shrinking of the lattice, and can be used as an external
vestigate experimentally how the Luttinger-liquid state is dif-probe to elucidate essential features of the low-dimensional
ferent from the Fermi-liquid state. electron systems. In this paper, we report measurements of
PrBaCu,Oq (Pri24 is one of the promising candidates the transverse magnetoresistafiR) of PrBaCu,0Og under
for the 1D metal with self-doped CuO chaf&Pri24 is a hydrostatic pressure up to 1.0 GPa. We fqund that the trans-
nonsuperconductor like Pre@u0, 5 (Pr123, but is quite verse MR strongly depends on the applied pressure espe-

. . . cially in the low-T metallic region, namely, th€ dependence
cﬁfferent from Pri23 in ﬂ14at '_Dr124 shows a meta_lllc conduc—of the MR is weakened by pressure. This is consistent with
tion at low temperatures.* Since the Cu@plane in Pr124

the dimensional crossover from 1D to 2D in the metallic

. . 5'6 . . . R N .
show antiferromagnetism beloWy~220K,>" as is similar  cy0 double chain, and indicates that the system becomes
to Pri23, it will not participate in the metallic conduction at more 2D under high pressure.

low temperatures. Hence, the metallic behavior should be
assigned to the CuO double chain, which is the only differ- 121 ' ' ' ' '
ence in the crystal structure from Pr123 with the single CuO PrBa,Cu,Op
chain. It is plausible that the oxygen vacancies in the CuO 1.0 P
chain, which may prevent Pr123 from being metallic, are less
important in Pr124 than in Pr123 because Prl124 is stoichio-
metric. The metallic nature of the CuO double chain in Pr124
is further supported by the anisotropic in-plane resistivity in
the isostructural YB#Cu,Og.’ 0.4}
Terasakiet al. have measured the temperat(fe depen- i
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dence of the resistivity, Hall coefficient, magnetoresistance, 02— o o 20 30 a0 B |
and thermoelectric power at ambient pres$usdl. of these 0.0 | [ | L
guantities were found to depend strongly on temperature, 0 50 100 150 200 250 300

which is quite different from the behavior of high: cu-
prates or conventional metals. They proposed that the un-
usualT dependence of the transport parameters arises essen-FIG. 1. Temperature dependence of the resistivjty of
tially from the 1D nature of the conducting path along thePrBaCu,0s. The inset shows the temperature derivative afs a
CuO double chain modulated by a small interchain hoppindunction of temperature.

TK)

0163-1829/99/5@%)/33853)/$15.00 PRB 59 3385 ©1999 The American Physical Society



3386 BRIEF REPORTS PRB 59

12 IIIIIII T IIIIIIII T T 12 I I

ol o o PrBa,CuOs | (a) ambient
o ambient — —
. e 1.0GPa

Aplp at 7 T (%)
L

S

[

|
Aplp (%)

- [ ]
tanl Lol 1 (|

10 100
T(K)

FIG. 2. Temperature dependence of the transverse magnetore-
sistanceAp/p under the applied field of 7 T. (H/p)? (108 T Q@%cm?)

Polycrystalline samples of Pr124 were prepared by the
solid-state reaction technique as described in Ref. 2. Electri-
cal resistivity and the magnetoresistance were measured by (b) 1.0 GPa
conventional four-probe method in magnetic fie(H§ up to 10 7
7 T. External fields were applied perpendicular to the current
direction HL1) so that the transverse MR can be measured.
Hydrostatic pressure was applied by using a BeCu piston-
cylinder cell which is designed to keep the applied pressure
constant even at low temperatures. A mixture of Fluorinate
(FC70:FC7E1:1) was used as a pressure-transmitting
fluid. Absolute values of the applied pressure were calibrated
by using the superconducting transition temperature of Pb
metal. All the measurements were performed on the same
ceramics with the above-mentioned high-pressure (estn
at ambient pressuyéo minimize possible instrumental errors
and sample-dependent factors.

Figure 1 shows th& dependence of the resistivity) in
Pri124 at ambient pressure and 1.0 GPa. The observed pres-
sure dependence pfis consistent with the previous study by  FIG. 3. Transverse magnetoresistangép plotted as a function
Matsushitaet al? As shown in Fig. 1, a broad maximum is of (H/p)? whereH and p are the applied field and the zero-field
observed around 150 K at ambient pressure and 170 K at 11@sistivity, respectively(@ Ap/p at ambient pressure, arid) Ap/p
GPa, below whichp exhibits a metallicT dependence. A at 1.0 GPa.
major effect of applying pressure @ris to increase its mag-
nitude in the hight semiconducting region, and to shift the the pressure dependence Tf., indicates thaippjane is in-
broad maximum toward higheF. As a clear contrast, the creased appreciably by applying pressure whig,, is not.
resistivity does not change appreciably with pressure at lowAs for the increase op,ane Under high pressure, it is plau-

T where the metallic behavior is observed. The resistivitysible that the number of charge carriers in the Gytane
below ~70 K (~80 K at 1.0 GPais roughly expressed as decreases due to increased hybridization betweenf Rmnd
p=aT®+ py with an increasé~5%) of p, and a decrease O 2p orbitals!® Measurement of the in-plane anisotropypof
(~11%) of a under pressure. ThHE dependence gf at low  using single crystals is highly desirable to examine the va-
T is quite different from that of the resistivity of the CuO lidity of the above modet!

chain in YBgCu,Og which shows cleaf? dependencéThe We have observed a small hump in tig/d T versusT
difference in powers off might be intrinsic to Pr124, al- curve around 20 K as is shown in the inset of Fig. 1. The
though a possibility that it is merely an effect of in-plane hump is visible even at an ambient pressure which indicates
contribution cannot be ruled out. that this anomaly is not induced by pressure. The tempera-

The origin of a broad maximum ip is not clear at ture is very close to temperature where the bulk magnetic
present. One possible explanation for this is to regard theusceptibility shows a knee, which is believed to be accom-
conducting paths in Pr124 as a parallel circuit composed opanied by long-range magnetic ordering of Prf 4
the metallic CuO chain and the semiconducting GuO moments® Therefore, it seems reasonable to attribute the
plane®*° In this picture, the temperaturB, ., wherep ex-  anomaly indp/dT to Neel order of Pr moments as well.
hibits a maximum corresponds to temperature where the reSince the metallic conduction at IoWis considered to occur
sistivities of chain and plangcnain and ppjane, respectively, along the CuO double chain, the existence of such an
becomes comparable, and the Guflane is responsible for anomaly suggests finite magnetic couplings between fPr 4
the semiconducting behavior aboVg,,,. If this is the case, moments and the conduction-electron spins in the CuO
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double chain. The change of the Brillouin zone due to thewith increasingT does not change by applying pressure,
antiferromagnetic order of Pr moments is also a possible carwhich suggests that the crossover scenario even holds under
didate for the origin of the anomaly ithp/dT. high pressure. It should be emphasized, however, that under
The pressure dependence of the magnetoresistdfRe  high pressure the deviation of MR from the IdWwscaling
makes a clear contrast to the results at zero external magnetgirve remains small compared with that under ambient pres-
field, in a point that the MR in the low-metallic region is  syre. As shown in Fig. 3, decrease of MR at 50 K relative to
rather sensitive to the applied pressure. As is shown in Figyr at 5 K amounts to~43% for the value of Ki/p)2=1.8
2, the T dependence of MR is characterized by a rapid in-w 18 T2/0)2cn? [which is the largest value ofH/p)? that

crease below about 100 K, which is indicative of the 1D-2D¢ap pe reached at 50Kt ambient pressure, whereas at 1.0
crossovef. Since in an ideal 1D conductor the Lorentz force GPa. a relative decrease of MR from 5 to 50 K is at most

cannot bend the trajectories of mobile carriers across the 5504 for the same value ofH/p)? [see Fig. B)] aside
conducting chain to give no MR, vanishingly small MR sUg- om a small shift neaH=0 observed for ta 5 K datat*

gests that thg high- electric conduction is essentially 1D 1hig suggests that pressure widens the temperature range
even under high pressure. ) where Kohler’s rule is valid to higher temperatures. In other
Figures 3a) and 3b) are the plots of MR at variou as \yorqs; the lowT quasi-2D electronic state is stabilized by

. 2 . ey .
a function ZOf_ H/p)”. The MR is positive and is almost ,n\ving pressure. This may arise from the increase afr
linear in H<, indicating that the observed MR is classical e rigorously, the increase of the ratiotofto the intra-

MR, i.e., MR being caused by the change in the trajectoriegsin hoonina enerat. under high pressure. which is ex-
of mobile carriers induced by the Lorentz forelt is pected frgirjn t%le dec%glase of theglat'gce spac,ing.

known that classical MR in metals is roughly equal to" | summary, the magnetoresistance of RBaOg is
(wc7)?, Wherew, andr are the cyclotron frequency and the ¢,nq g depend strongly on the applied pressure in the
scattering time, respectively, and follows a scaling function,,, .1 metallic region. TheT dependence of the magnetore-

of (H/P)_z'ls Below 10 K, the dependence of MR ohl{p)”  gjstance is weakened by pressure, which is consistent with
merges into a single curve. This implies that the scaling, Oy 1p-2D crossover in the charge transport occurring in the
Kohler's rule, holds in the lowk limit. However, at highel -0 double chain. The main effect of applying pressure is to
where MR varies strongly with temperature, MR does notgiapijize the lowT quasi-2D electronic state, which is likely

scale to any universal functions ofl(p)®. This can be un- 4 come from the increase of the interchain hopping energy

derstood within the framework of the 1D-2D crossover byag  consequence of shrinking of the lattice under high pres-
introducing theT-dependentw, which is vanishingly small ¢ e.

in the highT (kgT>t,) 1D region and finite in the low-
(kgT<t,) 2D region as suggested by Terasakial? This work was partially supported by NEDO for R&D
The qualitative feature of the violation of Kohler's rule Industrial Science and Technology Frontier Program.
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