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Electrical properties of Cd,Re,O, under pressure
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We examine the resistivity and thermopower of single crystal specimens of the pyrochlore oxirie @d
at pressures up to 2 GPa. Thermopower proves to be a sensitive tool in the study of the phase diagram of
Cd,Re,0,. The 200 K metal-to-metal phase transition is accompanied by a strong increase of the absolute
value of the thermopower. A weaker anomaly allows us to identify a second phase transition at 125 K.
Following the temperature dependence of this anomaly, we obtain the corresponding phase boundary up to 1.2
GPa, and argue that it must dropTe-0 beforep reaches 1.8 GPa. There is a wide temperature range where
the electrical properties are fairly sensitive to pressure, indicating the strong coupling of the electronic degrees
of freedom to the lattice.
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[. INTRODUCTION the even more frustrated pyrochlore lattice of thesites is
playing an important rolé’ '8 The concept of frustration is

d- and f-electron systems show a variety of Mott not quite straightforward for itinerant systems, but one can
phenomena:? The occurence of Mott transitions is readily argue that it involves the suppression of kinetic energy by
understood in stoichiometricd3transition metal compounds destructive interference, and the resulting enhanced impor-
since for these systems, the electron—electron interactiof@nce of interaction effects. Weak coupling density wave
(measured by an effective Hubbad is comparable to the phases _tend to be eliminated and instead, I_ocal corre_latlon
bandwidthW. In contrast, 4 and, quite in particular, & effects like mass enhancement and the opening of a spin gap

H 0,11
transition metal compounds are supposed to be less corrdominate’

lated because of their relatively widkebands. For example, IMOde? ba}[ied;n th% dggenerbgﬁlsubbar_lg areEdirecf[Iy
the 5d oxide ReQ is a good metal with widel-bands. relevant for the ke and ©s pyrochiore oxides. Experience

There are, however, at least a few Bompounds which with Mott-loc_alized spin—orbital systems suggests that the
. o ) . . .~ spin and orbital degrees of freedom play similar roles, and

show coqperauve behavior with no obvious mterpretgnon "Mhis should hold for correlated itinerant systems as well. A
terms of independent electron theory..The Mott localizations pa treatment of the,q pyrochlore Hubbard model demon-
aspectg of the low-temperature behavior of 1T-Taf long  gyrates the close competition between spin and orbital
known Recently, the interest turned towards pyrochlorejngiapilities!? The interplay of spin and orbital fluctuations
oxides? Y,Ir,0; is characterized as a Mott insulafor. yields a novel scenario of mass enhancem&nt.
Cd,0s,0; undergoes a metal—insulator transition at 220 K. The importance of correlation effects is judged by check-
The phenomenon is well described as a BCS-type mean fielgg to which extent band structure calculations account for
transition which clearly involves the ordering of an elec-the observed properties. The LDA electronic structure of the
tronic degree of freedom on the background of a rigidhigh-temperaturécubic) phases of CgDs,0; and CgRe,0;
lattice®’ This led to the proposal of a Slater transition of thehas been determinéd? For CRe,0;, there is a discrep-
spins® Let us note, however, that the supposed spinancy between the LDA result and the measured specific heat
densitylike order parameter is experimentally not yet identi-coefficienty. Two calculations give somewhat different re-
fied, and it would be no simple matter to postulate it becaussults: Singhet al® imply thatm*/m~2.4 is not unexpected
of the frustrated nature of the pyrochlore lattfcBurther-  for a superconductofit could be due to electron—phonon
more, whatever the nature of the order parameter, there is@upling, while Harima* finds m*/m>5, and concludes
basic difficulty: according to band theory, the Fermi surfacethat CgRe,O; is a strongly correlated system. Optical data
of Cd,0s,0; does not seem to be nestednd it is difficult indicating an even highem*/m~20 add to the weight of
to see how a small-amplitude order can immediately opemvidence that electron correlation is important in
gaps all over the Fermi surface. This alone suffices to showCd,Re,O,,° but the origin of the discrepancy between the
that for C3d0s,0;, correlation effects are important. We may specific heat and optical estimates for the mass enhancement
also infer that CgRe,O;, which differs from CdOs,0; only  factor remains unclear. Sakat all® interpret susceptibility
in having one S%l-electron/site less, is also a correlatedand NMR data as indicating localized moment character,
system. which is synonymous with local correlatiofs.

We may immediately observe that geometrical frustration Here we present the results of electrical resistivity and
tends to amplify correlation effects: For 1T-TaShe trian-  thermopower measurements on,86,0; in the pressure
gular lattice of Ta ions, while for G®s,0; and CgRe, Oy, range 0—2 GPa. Our basic finding is that there is a wide
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range of temperatur@oughly 60 K<T<200 K) where the concentration, or a combination of both. Whether a

electronic state of the material is “soft,” which is shown by phase transition occurs, has to be decided from other

the strong pressure dependence of the thermop8\and to ~ measurements.

a lesser extent also of the resistivjiy. The existence, and Closer examination of the resistivity ¥splot reveals that

extreme pressure sensitivity, of the so-called second phadge slope passes through a maximum, a minimum, and

transition of CgRe,0;,%%is only one aspect of this behavior. reaches a maximum again &, thus plottingdp/dT vs T

We display a phase diagram based on thermopower anomggadily offers the possibility of identifying characteristic

lies, including data on the pressure dependence of the secoffinperatures as either extrema, or zeroes, of the derivative.

structural transition. Measuring thermopower under pressur&his holds at all pressuréBig. 2, top. The high-temperature

is currently the only way to learn about the shape of thateak belongs to the bad-metal-to-good-metal transition at

phase boundary. Ty. It was mentioned in Ref. 24 that the low-temperature
hump atT*~60 K is also significant; however, it does not
belong to a phase transition. Rather, it is a crossover tem-

IIl. THE PHASES OF Cd;Re,0; perature where the loW-p(T) begins to follow a power-law

Cd,Re,0; has attracted interest by being the only py-
rochlore which becomes superconductingTatE1—-2 K.?2
However, we discuss normal metallic phases only. 6 — ambientpressure .

The contrasting behavior of GRe,O; and Cd0s,0; is "'f_'?‘gg:: i
intriguing. At room temperaturégr both are bad metals with :
similar values of the nearly temperature independent resistiv-
ity corresponding roughly to a mean free path of the order of
the lattice constant. Band structure calculatiishows they
are 5 semimetals with the Fermi level position correspond-
ing to a 1/3-, and 1/2-, filled,, subband, respectively. We
know of no feature of the density of states, or the Fermi
surface, which would obviously account for the fact that
Cd,0s,0; becomes an insulator at 220 K, while at almost ; > .. |
the same transition temperatufg =200 K, C¢Re,0; be- - ity
comes a better metal. In the notatidp,, the subscript H e
stands for “higher,” for C§Re,O; has also a “lower” tran-
sition temperaturd, which will be discussed later.

We illustrate the character of the phase transitions of —~ 300
Cd,Re,0; by the results of our measurements of the tem- g
perature dependence of the resistivity at ambient pressure G 299
(Fig. 1, left). We note that none of the previous measure- 3
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ments were carried out up to 600 K. The extended tempera- - };ig:,’:
ture scale makes the fundamental change in the character of w g 00000 - E )
Cd,Re,0; at Ty=200 K clear. The highF phase is a bad
metal, with a resistivity which at first seems to saturate at 00 TR R
~500 «Q) cm, but then picks up again. T (K)
Decreasing the temperature through= 200 K, the sys-
tem becomes a good metal. The Idw-normal state FIG. 2. (Bottom) The temperature dependence of the resistivity

resistivity”® extrapolates to 3@ cm. The resistivity  of Cd,Re,0; for several pressures. The sharp downturn occurs at
change around@;=200 K could be compatible either with a T,,. (Top) The temperature dependence of the derivative of the
change in the scattering mechanism, or a change in carriegsistivity dp/JT for several pressures.
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behavior whose form will be discussed later. It is clear thatidea that the structural order parameter is secondary, induced
other featurege.g., the minimum ofdp/dT) might have by some underlying electronic order parameter. Re NQR and
been selected. However, the status of such “characteristicd NMR reveal that the local environment of the Re site
temperatures” is somewhat uncertain, and we need furthdpses trigonal symmetry aty, and that the character of
evidence to show that the properties of the system undergerbital fluctuations changes &k .%>% All the evidence
substantial changes at any of these points. points to significant rearrangement of thg subbands, with
The continuous bad-metal-to-good-metal transition ofconsequent changes in their occupation, starting figm
Cd,Re,0; at T,=200 K is clearly seen in resistivity, sus- and continuing well below | . We envisage an itinerant ver-
ceptibility, and specific heat measurements. There is no magion of orbital ordering transitiors.
netic ordering?® X-ray scattering finds new Bragg peaks, Extending the measurements to higher pressures brings
with an accompanying anomaly in the intensity of funda-further insight. Hiroiet al**?measured the resistivity under
mental reflections. Though at first it was tentatively de-the pressure of 1.5 GPa, and at five high-pressure values
scribed as a cubic-to-cubic phase transition, there is nowetween 3 and 8 GPa. 3.5 GPa suffices to suppress the major
evidence that the symmetry is lowered to tetragonal. Howstructural transition aly. The weak transition af, seems
ever, the deviation from the cubic structure is quite smallmore sensitive to pressure. A single data point published in
only about 0.0594°%° the less known Ref. 33 indicates tiatis suppressed to zero
Evidence that a second phase transition occurs at ambieabmewhere beyond 2 GPa. Mapping out the boundary be-
pressure aff, ~120 K (“L” stands for “lower” ), was pre- tween the two good metallic phases is an outstanding issue.
sented by Hiroiet al?° They present a magnified image of ~ Here we present new data about the resistipignd ther-
the p vs T plot which reveals a minute hysteresis loop of amopower S of good-quality single crystal specimens of
few K width in this region. The transition has little effect on Cd,Re,0; under pressure. For resistivity, we have more
the resistivity, no known signature in the susceptibility, andpressure values up to 2 GPa than in previous works, and at
the specific heat shows merely an anomaly which is tweambient pressure, we have extended the measurement to 600
orders of magnitude weaker than the one associated with tHé. Our thermopower data reveal the highly anomalous nature
200 K transition. Clearer evidence comes from magnetoreef the “good metallic” phases of CdRe,O,;. At ambient
sistivity measurements which show that, aftgr essentially ~ pressure, our thermopower Vs curve has a much better
vanishes by the tim@ reaches 100 K, it reappears and be-resolved anomaly at the lower phase transition than the re-
comes quite anisotropic from 120 K onwards. Thuscently published! allowing us to identify it as a secondary
Cd,Re,0; has two good metallic phases in addition to theminimum. We performed the first measurements of ther-
bad metal abovd =200 K. The first thermopower d&ta mopower under pressure, and present a pressure—
are compatible with this scenario. temperature phase diagram based on them, including new
Whatever the nature of the second phase transition, it igesults onT (p). We find a distinctive feature of the inter-
very weak. X-ray diffraction shows an anomaly in the tem-mediate temperature rangé <T<Ty: itis where electrical
perature dependence of the fundamental reflecfibAsre-  properties are remarkably sensitive to pressure. It stands to
cent refinemeni? yielded the suggestive picture of distorted reason that this is a regime of continuing rearrangement of
tetrahedra with three unequal Re—Re distances on each t&d subbands where the electron-lattice interaction is par-
angular plaquette. The order of the bonds allows to define &cularly important. In contrast, the low-temperatur@ (
bond chirality parameter for each triangle; the ldwstruc- <T*) good metal, and the high-temperaturEXT,) bad
ture of CgRe,0; can be thought of as “ferrochiral.” Thus metal, are essentially pressure-insensitive.
the 120 K transition involves a change of symmetry, but it is,
strictly speaking, not symmetry breaking: it does not belong
to a symmetry loweringi.e., choosing a subgroup of the ll. RESULTS AND DISCUSSION
original symmetry groupfrom the T>120 K phase, but to
replacing one symmetry element with another. This symme-
try characterization is compatible with the idea that the tran- Cd,Re,O; single crystals were grown using vapor trans-
sition atT, is of first orde’! port. Appropriate amounts of source materials Cd
It is not clear what really happens at either theor the  (99.9999% and ReO, (99.99% (both from Johnson Mat-
T, phase transition; in particular, whether there is an electhey) were sealed in an evacuated quartz tube, heated at
tronic order parameter coupled to the obvious structura66 °C for 3—5 days, cooled down to 600°C at a rate of
ones. Though the symmetry changes are marked, they afie-5 °C/min; then dwelt for 1-3 days before being quenched
realized by quite minuté& distortions of the highF cubic  in the air. The long dwell time at 600 °C and large tempera-
structure; thus though both phase transitions are literallyure gradient were found crucial to produce large crystals,
structural transitions, it is not obvious that the structuralwhile the cooling rate is less important. The final products
change is enough to explain the drastic changes in electricalppeared as purple, shiny polyhedrons, mostly formed on the
properties. In other words, we still have to search for thecold end of the quartz tube, with dimensions from 1 mm to 1
concomitant change of the many-electron state, which mightm on edge.
well be the primary phenomenon. X-ray study indicates that von Laue photography roughly proves the single crystal-
the temperature dependence of the new Bragg peaks imity of the final products. However, close examination on
anomalously slo® which would be compatible with the the synchrotron x-ray powder diffraction revealed a small

A. Sample preparation and characterization
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portion (~2.85% in weight of ReQ, inclusion in crystals of tion, the resistivity appears to have saturated, but the ex-
some Specific growths_ The integrated energy disperse X_re{?nded scale shows Up a further increase with temperature. It
(EDX) spectroscopy and scanning electron microscopétl’ikes the eye that the high—resistivity is not linear inT;
(SEM), with an effective resolution of 1 micron, also de- this is also brought out by the enlargement of the highart
tected the ellipsoidlike ReQnclusions randomly distributed of the derivative plotFig. 1, righy. The shape of the vs T

in the bulk, with nonuniform size and nonpreferred orienta-curve deviates from what one would expect from the phonon
tion. Since the formation of a detectable amount of inclusiormechanism, and we ascribe it to interorbifalr intersub-

is reasonably inferred under certain conditions in vapoiband scattering.

transport, empirical measures regarding starting materials We refer also to thelp/d T derivative plots shown in Fig.
and growth temperature were thereafter applied. We alsp(top). The continuous metal-to-metal transition at,
used magnetization and dc resistivity measurements- 200 K is marked by a strong peak of the derivative which
for sample characterization. THedependence of the suscep- js known to correlate with the susceptibility and specific heat
tibility shows a Curie-type tail below 50 K for specimens 5,,malie2 The overall T<T,, behavior is similar to that
with inclusions, and the absence of a Curie tail for Sample‘?(nown from previous measurements. The derivative plot

without ~ detectable mclusmn;. 'TheT>50 K part of dp/dT vs T shows three characteristic temperatures. The
the curves was not exactly coincident but quite close. ASTar e peak on the higfi-side could serve to defirig,, but
suming R&" ions (i.e., ReQ inclusions, the measured Cu- ge p 9 '

we prefer the definition from the derivative of the ther-

rie constant can be used to deduce the inclusion fraction The broad | ind dent h i
confirming the EDX and SEM estimates. Inclusions do aﬁeci‘rfwopower. € broad, nearly pressure-independent hump a

electrical properties: we found that the resistivity is signifi- * ~60 K marks the boundary between wo regimes W't,hm
cantly lowered (from 5100 cm to 4060 cm at 300 K, thg same low-temperature phase. Thgre is alsoarecogplzable
and from 84Q cm to 17Q cm at 2 K, when going from  Minimum between these two maxima; @t=1 atm, |t_
a sample with 2.85% inclusion to one with nominal iS @ rather sharp feature at130 K, and happens to lie
0%. We selected a 3 miminclusion-free sample for our hear the second transition temperatliyewhich we identify
measurements. from thermopower data. However, we discard the possibility
As for stoichiometry, x-ray photoelectron spectroscopy©f identifying T, from this anomaly. The reason is that
found a oxygen-rich layer formed on the top surface. Thed Minimum indp/dT continues to show up at all pressures,
electronic probe microanalysiEPMA) proves the homoge- while there_gre _good reasons to think that the second
neity of the specimen was satisfactory, i.e., Cd=Re00 phase transition is completely suppressed beforeaches
+0.01 while the oxygen content shows definite deficiencyl-8 GPa. S o
from stoichiometry, ranging at least from 6.770.18 to _ Th(ﬂT residual resistivity is 3@ cm, S|n_1|Iar to the value
6.990-0.19. The large deviations from an average valugdivenin Ref. 31, but about a factor of 2 higher than the value

The powder neutron scattering on optimally grownMmeasurements of Hirait al*® This might be the reason why
114Cd98.5% richnesssubstituted CsRe,O, clearly indi- We did not see hyster(_ass in either resistivity or.therm_opoyver,
cates an oxygen occupancy of 0.860.03 on the O2 site though we have a fairly dense set of data points with little
(with Rp-factor 6.7% and no vacancy at other sites. On the SCatter in the relevant range df Nevertheless, we agree
same specimen, EMPA gave an agreeable OG-7708 with the suggestion that the second phase transition is

within experimental error. We conclude that all of our speci-Weakly first order.
mens have the composition §RE,Oy . We carried out measurements at pressurep=efl atm,

0.6, 1.2, 1.8, and 2 GPa. THedependence of the resistivity
o p for different pressuregup to 300 K is shown in Fig. 2
B. Resistivity and thermopower under pressure (bottom), the derivative curves in Fig. @op), while the ther-
For electrical measurements, the crystal was cut irmopowerSis shown in Fig. 3.
smaller pieces of rectangular parallelepiped shape with the The thermopower is negative at all temperatures/
dimensions 1.%0.25<0.025 mm. After placing four con- pressures. Th&y phase transition has, at any pressure, an
tacts on the sample, it was mounted on a homemade the@ven more spectacular signature in the thermopower than in
mopower sample holder, which fits into a clamped pressurether quantities measured before. It is associated with a steep
cell. Small metallic heaters installed at both ends of thedecrease 0§ which continues until aT* ~60 K, Sreaches
sample generated the temperature gradient measured witheaminimum at whichS| is about a factor of 10 higher than at
Chromel—Constantan differential thermocouple. The presT=Ty. Below T*, S tends to zero in an approximately
sure medium used in this study was kerosene, and the maxpressure-independent manner. Our thermopower data allow
mum pressure was 2 GPa. The pressure was measured usidgntifying three distinct regimes of temperatu(®: both p
a calibrated InSb pressure gauge. andS are essentially pressure-independent up*o (ii) the
The temperature dependence of the ambient-pressure rdrermopower is quite sensitive to pressureTa&T<Ty;
sistivity of a single-crystal specimen of ¢Rle,O; was (iii) Sandp are again essentially pressure-independent in the
shown in Fig. 1left). We stress that previous measurementshigh-temperature T>T,;) regime. Regimdi) is the same
did not extend up to 600 K. Right above tiie-Ty transi- where x-ray studies indicate an anomalously slow
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X remarkable that thd SdT peak getsharperunder pressure.
2 A similar observati de ab T i
P (A similar observation was made about thers T curves in
) ambient pressure Ref. 31)
- --06GPa 1 The second phase transition shows up in $hes T plot
al ———1.2GPa i (Fig. 3). At ambient pressure, there is a sizable dipSiat
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_____ 20GPa about 120 K, followed by a secondary minimun~at30 K.
] Let us observe that if we imagine tl&anomaly sharpened
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FIG. 3. (Bottom) The temperature dependence of the ther- 80 T b"t T
mopower S for several pressuregTop) The temperature depen- T g"‘; c';:"’a pressure e
dence of the derivative of the thermopoweé®/oT for several 70 | _,,:""’

pressures.

phase transition, whenever found, sits in the middIgiigf

The overall value of the thermopower is rather smaJ:
never exceeds 1QV/K. Some & elements have higher
thermopower than this, and one might have expected that the
narrower d-bands of our oxide give rise to a larger ther-
mopower. However,T-dependent partial cancellation be-
tween holelike and electronlike contributions may explain
the observations. The degree of cancellation is smaller in the
T<Ty phases; this may be compatible with the disappear-
ance of the heavy hole pocket found in the high-temperature
(cubic phasgband structurd=>? It may also explain why we
do not find the straightforward metallic behavi®# T at T
>Ty; in fact, the regime 200 KT<300 K is better de-
scribed bySx=T2.

Some features are more clearly seen in the derivative
plotdS/dT (Fig. 3, top. TheTy transition is well defined by

€
T-dependence of the structural order parameter. The second é;’
3.
Q

p (nQcm)

the cusp ofdS/dT. This is the definition we use in plotting 30 T 3000 6000 9000 12000 15000
the corresponding phase boundaffig. 7). This may T (K

seem arbitrary, but we may bring the following argument:

Loosely thinking of the thermopower as a measure of the FIG. 5. (Top) The resistivity in the range 1-30 K, plotted as a
electronic entropy, finding an anomalyd&/dT is like find-  function of T2. (Bottom) The resistivity in the range 1-25 K, plot-
ing an anomaly in the specific heat. In any case, the pealed as a function of3,
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FIG. 6. The pressure dependencepgfandAs. The observed lack of a magnetic field dependence of the

thermopower also indicates that spin disorder scattering is

(the bump and the dip getting closer, without reducing theimot important in CgRe,0;.%’

amplitudes, it would be consistent with a discontinutfyof Below Ty the resistivity begins to decrease sharply, fol-
AS~—1 pVIK (Fig. 4. It suggests that we center the phase'OW'ng a r.oug'hly Imear'l'—dependence do_wn to about 50 K,
transition at the point of inflection between the bump and th?®low which it bends over into a seem_m%ly pow_er-lavgv re-
dip, in other words at the local minimum afS/dT. This 9ime which h%sSlbeen f|tte9 (29|th9r with® or with T
would be consistent with regarding the thermopowerdfpe”denc'e%% , p=po+A;T" with an enhanced value
anomaly as the sign of a smeared-6ad very weakfirst ~ Az2/A2%(m*/m)* would be considered typical of strongly
order transition, confirming Hirait al2° We note that a ther- correlated systems, and it would be expected to show up
mopower discontinuity is associated with some first ordef€re; since the specific heat shows enhancement. However,

2 . . .
electronic transitions, such as the valence transition oy found thatthd™ law would give an acceptable fit only in
YbInCu,.3 a narrow range off, and even then at low pressures only

(Fig. 5, top. In agreement with previous wof&we find that
ap=po+ AT fit works better(Fig. 5, bottom. The T3-law
is to be ascribed to electron—phonon rather than to electron—

The phase transitions shift under pressufg; drops
to 156 K under 2 GPdthis is a less steep decrease than

that. seenin F\_’ef. 3L, whef@(? GPa)w.lso K. T_h'S reflects electron scattering. We did not attempt to fit with a combi-
a difference in sample quality, a point to which we retum  son ofT2. andT3-like terms. Undoubtedly one would find
later]. We already commented on the apparently increasing 2 contribution, but certainly not so large as to satisfy the
sharpness of the transition. Thig transition gets suppressed g adowaki—Woods relation.
rather fast under pressure. At 0.6 GPa the dip-and-bump Tpe pressure dependenceggfandA; is given in Fig. 6.
complex seems just to have shrunk to a point of inflectionia moderate increase i is compatible with increased
the local minimum ofdSdT reaches O at 115 KFig. 3,  electron—phonon interaction in a compressed lattice. We call
top). At 1.2 GPa there is not even a point of inflection, butattention to the fact that the pressure dependencg,ds
we still risk identifying the bottom of a valley idSdT at  quite weak, even at 2 GPa we find less tharp40 cm. This
~105 K. The thermopower curves are perfectly smoothis to be contrasted with the results of Hiwti al 3! who find
in the regionT* <T<Ty at higher pressures, thus the secondan approximately sixfold increase jpy, at 1.5 GPa, and a
phase transition certainly vanishes somewhere below 1.8vofold increase imrA; . The authors of Ref. 31 would prob-
GPa. ably agree that correlation, as manifestecdAi, is weak at
Now we return to our resistivity data. THE>Ty resis- ambient pressure, but argue that its role is increasing at
tivity is large, essentially pressure-independent, and inhigher pressures. Our pressure range is limited to 2 GPa, but
creases slowly withT, indicating the presence of a strong within this range, we do not detect a tendency towards heavy
scattering mechanism specific to the pyrochlore structurefermion behavior. Obviously, there is sample dependence in
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the observed behavior; we think that the weak pressure debservatioff that stabilizing the cubic phase under very high
pendence of, is an indication of the good quality of our pressure [(>3.5 GPa) gives rise to substantially larger
samples. m*/m than the value inferred for the low-pressure good me-
The difficulty in deciding what happens to the electronictallic phases. Large mass enhancement is tantamount to the
structure below 200 K may partly arise from trying to reducesystem having high entropy at relatively low temperatures.
everything to a single number, the enhancement factor ofhere are two ways to let the entropy vanishlas0: either
the effective density of states =AN*(er)/N(eg). This by sustaining heavy fermion behavior to Ias, or by letting
would appear as the enhancement factor of the thermairdering transitions intervert& Apparently, the first scenario
effective massz™'=m*/m=y*/y, the spin susceptibility, is realized in CgRe,0; at high pressures, while the second
and the plasma frequentyMuch of the previous discussion at low-to-medium pressures. The 200 K and 125 K transi-
relied on the idea that the structural transitions opertions reduce the apparent mass enhancement by suppressing
pseudogaps in the spaghetti tf, subbands, and conse- short-range fluctuations, first of all orbital fluctuations. As far
quently A*(ep) is reduced? This seems to agree with as thermopower can be thought of as giving a measure of
the reduction in susceptibilityf, but makes it difficult to  electronic entropy, we can invoke our Fig. 3: suppression of
understand why the conductivity is substantially increasedT, under pressure means the smooth continuation of the
One may arguié that heavy carriers got eliminated, which at fluctuating electronic state of the cubic phase to lower
T>200 K did not contribute to conductivity but rather acted temperatures.
as scatterers. Removing narrow subbands from the vicinity
of ez would mean that\{eg) is reduced. The temperature

dependence of, the Knight shift and TT,) ~! measured by IV. CONCLUSION
lcd NMR are well described by assuming a reduced
Meg).® We presented resistivity and thermopower measurements

Our thermopower measurements do not allow us tmn single crystal samples of gRe,O, under five different
infer M(e). Using the simplest picture of a correlated pressure values up to 2 GPa, and used the data to analyze the
one-band mod&f the thermopower Sx—(kg/[€[)z""  phase diagram in thE—p plane. The pressure dependence of
X (N (er)/Mef)) measures the band asymmetry abeut the thermopower shows that the wide temperature interval
rather than the density of states. Our data are thus indicatii§anyeen the upper structural transititat ambient pressure
of a strongly increasing asymmetry below 200 K. Wer _ 509 k) and the coherence temperatdie~60 K is a
Mmay envisage a heavy subpand gradually crossllng.out frmﬂegime of continuing rearrangement of the electronic struc-
Tﬁ vicinity of e, which gives a strong contribution to ture. The cubic-to-tetragonal transition at 200 K does not

,gepl):ze.ssure—temperature phase diagram based on plottir%mmediately lead FO a stable_ low-temperature ph_ase_, but
the characteristic temperatur@g, T, , andT* is shown in Ither to a state with electronic and structural ambiguity. A

Lo particular manifestation of this behavior is the appearance of

Fig. 7. The last data point fof,_ at 1.2 GPa is, as we have o S
seen, rather tentavive: in any caSe,is suppressed fast. This a second structural phase transition which is, however, con-
' ’ ; fined to relatively low pressures<(1.8 GPa), while the

is in general agreement with a previous observatiobyit : )
our critical pressure foll, is rather lower. In contrast, our Overall features of the system remain the same at higher
Ty vs pressure curve would lie above that found by HiroiPréssures.. _ _
etal3 T* is always defined by the peak position of the Our results indicate that both couplmg t_o the lattice, and
broad maximum oflp/dT. It is rather pressure-independent, the strongly temperature dependent redistribution of the elec-
and approximately coincides with the lovminimum of S trons over the,, orbital stateqor alternatively thet,q sub-
We do not think it associated with a phase transition but it ig?and$ are important for understanding the behavior of this
nevertheless significant since it marks the crossover from Hustrated itinerant system.
stable good metallic state into a fluctuating intermediate-
state. We may think of it as the coherence temperature of the
low-T electronic structure. ACKNOWLEDGMENTS
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