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Small polaron transport and pressure dependence of the electrical resistivity
of La2ÀxSrxNiO4 „0ÏxÏ1.2…
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Measurements of the electrical resistivityr as a function of temperatureT and pressureP(P<1.6 GPa) are
reported on La22xSrxNiO4 (0<x<1.2). A compositionally inducedM -I transition occurs forx>0.9. The data
suggest small dielectric polaron conduction, with thermal-activated behavior at high temperatures and with
three-dimensional variable range hopping at low temperatures for all compositions. Pressure is shown to
weakly affectr, for example, near room temperature a rate of28.2%/GPa (dr/dP520.57 mV/GPa) is
observed forx50.8. Fits to the data for the same composition in the temperature range 100 K<T<300 K
provide a thermally activated polaron hopping energyEA530.3 meV anddEA /dP522.80 (meV/GPa). No
superconductivity was observed at pressures up to 1.6 GPa and temperatures down to 4.2 K for any of the
studied compositions. Our measurements provide strong evidence for polaron-dominated electrical conduction
in these charge transfer gap materials.

DOI: 10.1103/PhysRevB.67.125116 PACS number~s!: 62.50.1p, 71.38.2k, 72.80.2r, 71.30.1h
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I. INTRODUCTION

The compound La22xSrxNiO4 has been the subject o
considerable attention due to its close relationship with
isostructural superconducting compound La22xSrxCuO4.1–5

Interest was further stimulated in 1989 by the observation
small magnetic and resistance anomalies at low tempera
in some nickel oxide samples6–8 which were thought to in-
dicate the occurrence of superconductivity; these obse
tions were not substantiated in later experiments.3 Charge
and spin ordering has been observed in La22xSrxNiO4 (x
<0.5) whereby doped holes segregate to form hole-rich
main walls separating domains of antiferromagnetically
dered spins~typical valuesx50.20, 0.25, 0.33, and 0.5!;9–12

neutron diffraction has shown that local charge order~or po-
laron ordering! occurs above the spin ordering temperatu
where the stripe phase forms.11 Similar effects are observe
in La2NiO41d with d,0.15.13–15 Both La2NiO4 and
La2CuO4 are strongly correlated 2D charge-transfer~CT!
gap antiferromagnetic~AFM! insulators with electronic
properties determined largely through transition metal (d
orbital! and oxygen (2p orbital! hybridization. Near the
Fermi energy, narrow hybridized conduction bands with t
dimensional character exist. Doping of holes leads to me
lic behavior in the two systems and superconductivity in
cuprate; no superconductivity has yet been observed in
nickelate. A larger charge-transfer gap16 has been reported
for the nickelate and it has been suggested that this sys
differs from the cuprate through stronger electron-phon
(e-ph) coupling, smaller charge carrier mobility,17,18 and
larger magnetic localization19 which lead to an unusual com
petition among magnetic and charge degrees of freedom.
lack of superconductivity in La22xSrxNiO4 for any x value
could be due to the weaker metal-oxygen bond hybridiza
which results in a larger charge transfer gap.3,20

Pressure is a fundamental thermodynamic variable wh
facilitates a controlled volume change of a physical syste
It is an outstanding tool in the study of transition metal o
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ides ~TMO’s! which have significant sensitivity to pressur
For example, the three-dimensional~3D! nickel oxideRNiO3

(R5Pr, Nd, and Sm! exhibits an extraordinary pressure d
pendence of the metal-insulator (M -I ) transition which is
thought to occur as a result of the decrease of the CT ga
well as an increase in conduction bandwidthW; its M -I tran-
sition temperatureTMI is depressed by pressure at a rate
large asdTMI /dP5295 K/GPa.21,22 Sizable pressure ef
fects are also observed in the ferromagnet La12xCaxMnO3

(0.2,x,0.45).23 Most recently, we have reported pressu
effects on Ruddlesden-Popper~RP! phases Lan11NinO3n11

(n52 and 3!.24 We found that pressure drivesTMI of
La3Ni2O7 and La4Ni3O10 to lower temperatures at mode
rates of 11 and 7 K/GPa,24 respectively, and high pressure
could completely depress their weakMI transitions. In gen-
eral, pressure is expected to increase the metal-oxygen b
hybridization, thus decrease the CT gap. This could also l
to superconductivity or metal-insulator transitions as co
firmed by the recent discoveries of superconductivity
sulfur25 and oxygen.26

In this report, the electrical resistivity of La22xSrxNiO4
under hydrostatic pressure up to 1.6 GPa is investigated
a wide range ofx(0<x<1.2). To our knowledge, the only
high pressure measurements of the electrical resistivity
La22xSrxNiO4 were reported for the charge ordering comp
sition x50.33.27 The charge ordering transition temperatu
TCO of La1.67Sr0.33NiO4 was observed to be weakly depe
dent on pressure. Most strikingly, no pressure measurem
of the electrical resistivity have been conducted
La22xSrxNiO4 in the important region where metallic beha
ior is observed (0.8<x<1.2). In this region, the localized
magnetic moments on the Ni site are most negligible and
possibility for a superconducting ground state is high. It
suggested that theM -I transition is related to the groun
state properties of highly correlated electron systems28,29 as
that found in high temperature superconductors where
superconducting ground state occurs at doping levels wh
insulating behavior is suppressed30 ~e.g., La22xSrxCuO4 is
©2003 The American Physical Society16-1
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metallic for x.0.05 and shows superconductivity in th
range 0.05<x<0.2).31 In addition to this insulating-to-
metallic region, we are also interested in the insulating
gion in order to examine the influence of pressure on CT
insulator in general. On the other hand, the electrical cond
tion mechanism of La22xSrxNiO4 is not clearly understood
although it has been studied by several groups.2,3,32–34Previ-
ous measurements of midinfrared18 and x-ray35 absorption in
La22xSrxNiO4 revealed the existence of small polarons. T
will be examined herein through our pressure dependenc
the electrical resistivity experiment in order to expand o
understanding of the conduction mechanism of this syste

II. EXPERIMENTAL DETAILS

All La22xSrxNiO4 samples were prepared from high p
rity La2O3, SrCO3, and NiO which were oven dried prior t
use. Stoichiometric quantities were thoroughly mixed, pla
in dense Al2O3 crucibles, and calcined at 1150 °C in a
followed by regrindings for 10 min; this step was repea
four times. Subsequently, the sample was reground and
acted at 1250 °C for one day; this step was repeated t
times. The undoped sample (x50) was then pressed int
pellets, reacted in argon at 1250 °C for 16 h, and fina
cooled to room temperature at a rate of 6 °C/min. The
maining samples were reground and reacted in air at 127
for one additional day, reground, pressed into pellets,
reacted for 16 h at 1325 °C forx<0.5, 1350 °C forx50.6
and 0.7, and 1375 °C forx50.8–1.2; these samples were a
cooled in air to room temperature at 1 °C/min. X-ray diffra
tion was used to check for impurity phases revealing a mi
NiO impurity (<2%). Iodometric titration was used to de
termine the oxygen contentd; the obtainedd values agree
with those of Takeda2 and Strangfeldet al.33 For the chemi-
cal formula La22xSrxNiO41d , we found d520.0160.03
for 0<x<0.8. Samples withx.0.8 exhibit a tendency to
ward oxygen deficiency (d520.0260.01). The sample
La2NiO41d was found to exhibitd;0.0460.01. All compo-
sitions remain chemically stable in air. The electrical res
tivity as a function of temperatureT (4.2 K <T<300 K)
was measured by a four-lead dc technique with pressure
plied and maintained in a beryllium-copper self-clamping d
vice using Fluorinert as the pressure transmitting fluid.
pressures are applied at room temperature in a hydros
fashion. Pressure was determined at room temperature w
calibrated manganin resistance gauge. Calibrated Pt- an
diode thermometers were used and all measurements
performed with cooling rates of about 0.5 °C/min, in order
facilitate thermal equilibrium between the sample and th
mometers.

III. ELECTRICAL RESISTIVITY AT AMBIENT PRESSURE

The electrical resistivityr(T) of La22xSrxNiO4 (0<x
<1.2) is shown at ambient pressure in Fig. 1. The resist
ties change by several orders of magnitude withx. For the
compositions 0<x<0.5, r(T) grows quickly with decreas
ing temperature. The sudden increase inr below TCO
5260 K for x50.25 is associated with charge ordering.5 For
12511
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compositionsx>0.9 a metal-insulator (M -I ) transition oc-
curs whose transition temperatureTMI decreases monotoni
cally with hole doping.2 These are clearly seen from our da
plotted in the inset of Fig. 2~b! and Fig. 10. Our resistivity
data are in general agreement with those of Cavaet al.,3 but
our overall resistivities are larger and show a minimu
aroundx50.8 instead ofx51.0. The data of Takedaet al.2

reveal a minimum inr below 300 K forx51.2. These dif-
ferences likely arise from variations in oxygen stoichiome
and specimen densities.3

In order to examine the electrical conduction mechani
of La22xSrxNiO4, r(T) is compared to

r5r0exp~Eg /kBT!, ~1!

which represents simple thermally activated electri
conductivity36 in which an electron or hole~as the charge
carrier! moves from one localized state to another due to
exchange of energy between the charge carrier and pho
~the localization is not a consequence of interaction with
phonon, but could occur due to a random electric field
disordered arrangement of atoms!; in Eq. ~1! r0 is the elec-
trical resistivity at extremely high temperatures,Eg is the
thermal activation energy of the electron or hole, andkB is
the Boltzmann constant. Realizing that the specimens
polycrystalline, only general statements will be made h
regarding the electrical conduction mechanism. The elec
cal resistivity of La22xSrxNiO4 (0<x<1.2) is plotted as lnr
versus 1/T in Figs. 2~a! and 2~b!; since the data does no
exhibit linear behavior through the entire temperature ran
we conclude that Eq.~1! is an inadequate description. How

FIG. 1. Temperature-dependent resistivitiesr for various
La22xSrxNiO4 (0<x<1.2) compositions.
6-2
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SMALL POLARON TRANSPORT AND PRESSURE . . . PHYSICAL REVIEW B 67, 125116 ~2003!
ever, this equation can provide a rough idea of thermal a
vation energies in narrow temperature regions where the
can be fitted. In the range 200 K<T<260 K ~note that
TMI<285 K) the fits yield values ofEg598 meV for x
50, 86 meV forx50.5, 10 meV forx50.8, and 8 meV for
x50.9. Measurements on a single crystal withx50.25
shows a comparable value ofEg5105 meV forra andrc in
this temperature range;37 this suggests that our polycrysta
line samples provide activation energies similar to those
single crystal samples. We note that the extracted activa
energies are far smaller than the La2NiO4 CT gap of 3.5 eV
~Refs. 38,39! formed between the Ni-3d and O-2p bands,
this band gap differs from the Mott-Hubbard gap arisi
through splitting of metal Ni-3d bands. For compositionsx
>0.9, aboveTMI dr/dT is positive indicating a charge ca
rier energy positioned in the conduction band; belowTMI r
is thermally activated but with a value ofEg significantly
smaller than that observed for compositionsx,0.9. In fact,
Eg is substantially smaller for all compositions below 20
as shown in the inset of Fig. 2~b! indicating a change in
regime occurs inr for 20 K,T,200 K. The small charge
carrier mobility of La22xSrxNiO4, as seen in Fig. 1, is con
sistent with localization due to strong electron-phon
coupling5,17,40,41 which could be associated with polaron
conduction.24,36,37,42Given the occurrence of charge orderin
in this system, polaronic conduction seems a natural pos
lility. According to the Emin-Holstein theory,42 thermal-
activated small polaron hopping leads tor in the form of

FIG. 2. Temperature-dependent resistivities for La22xSrxNiO4

plotted as ln@r(V cm)# vs 1/T (K21). ~a! x,0.8; ~b! x>0.8. The
insets of~a! show the value ofEg versus doping levelx, and ~b!
exhibit the doping induced metal-insulator transition forx50.9.
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FIG. 3. Temperature-dependent resistivities for La22xSrxNiO4

scaled for direct charge excitations above the mobility edge into
conduction band or thermally activated nearest-neighbor hoppin
charges@curve ~1!, bottom 1 right axes#, small polaron hopping
@curve~2!, bottom1 left axes#, and variable range hopping~VRH!
@curve~3!, top 1 right axes#, over a wide range of temperature.~a!
x50.25, ~b! x50.8, ~c! x50.9, and~d! x51.1. The perpendicular
arrows on each curve specify the plot axises. The scaling mo
are as following:~1! r5r0 exp(Eg /kBT), ~2! r5r0T exp(EA /kBT),
and ~3! r5r0exp(U/T1/4). The inset of~a! displays thermally acti-
vated polaron conduction@Eq. ~2!# aboveTCO for x 5 0.25.
6-3
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G. WU AND J. J. NEUMEIER PHYSICAL REVIEW B67, 125116 ~2003!
r5r0Taexp~EA /kBT!, ~2!

wherer0 is a constant related to the polaron concentrat
and diffusion,EA is the polaron hopping energy, anda51
corresponds to the adiabatic case~in the nonadiabatic case
a51.5). At low temperatures the polarons can still cond
despite the small available phonon energy. In this regi
three-dimensional variable range hopping~VRH! applies36

with a temperature-dependentr given by

r5r0exp~U/Tb!, ~3!

whereb51/4. In Eq.~3! r0 andU are fitting parameters,U
relates to the density of statesg(EF) at the Fermi levelEF ,
i.e., U}@g(EF)#21/4. For highly correlated electron system
a small gap appears atEF andb51/2.29

Data in Fig. 3 are plotted in a manner which compares
various conduction mechanisms described by Eqs.~1!–~3!. It
is clear in Figs. 3~a!–3~d! that Eq.~1! does not provide the
best fit over a wide temperature range in any case. For c
positions 0<x<0.5, TCO has been attributed to the onset
polaron ordering;4 at some compositions, belowTCO hole-
rich domain walls separate hole-poor AFM domains. This
a potentially ideal physical system wherby polaronic cond
tion should be observed at high temperatures where
charge carriers are fairly mobile, but dressed by the s
rounding ions. At low temperature, two different nickel ion
species are frozen into discrete positions and the AFM
dered regions will likely be energy costly in hopping pr
cesses. Thus, any conducting holes will prefer to hop am
nearest neighbors with similar energies, these will likely
the domain-wall regions; this scenario may best be descr
by VRH. In fact, we have found that atT,TCO for x
50.25, Eq.~3! with b51/4, provides the best fit to our dat

FIG. 4. Low temperature (T,20 K) resistivities for
La22xSrxNiO4 (x.0.5) show VRH behavior of small polarons.
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@see Fig. 3~a!, for example#. The same behavior is true fo
x50.33 and 0.50. AboveTCO, Eq.~2! applies, indicating that
the contribution to the conductivity comes from the therm
activated hopping of small polarons. This can be seen
viewing Fig. 3~a! and its inset which illustrates fits above an
below TCO for x50.25 using Eqs.~2! and ~3!, respectively.
For x 5 0, the resistivity follows the 3D VRH Eq.~3! in the
whole temperature range from 300 down to 30 K, but w
b51/2 indicating a highly correlated electron system; me
surements below 30 K were not possible with our appara

FIG. 5. Variation of small polaron conduction parametersEA

andU vs doping levelx.

FIG. 6. A band diagram fore-ph coupled La22xSrxNiO4 system
with intrinsic charge carrier generations.Egap

CT is the charge transfe
~CT! gap, Epb is the polaron binding energy,«0 is the energy re-
quired to generate intrinsic charge carriers (e: electron, andh: hole!
and Dg is a small gap at the Fermi level specifying high electr
correlations in this system.
6-4
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For compositionsx.0.5, Eq.~2! gives the best fit down
to 100 K belowTMI @see Fig. 3~b!, for example#. At low
temperature (T<20 K), Eq.~3! with b51/4 applies, as see
from Fig. 4. The same behavior is illustrated by thex50.9
and 1.1 specimens as illustrated in Figs. 3~c! and 3~d! and
Fig. 4. These observations suggest that at low temperat
the conduction is through VRH of small polarons that a
bound to the holes~bound polarons! and at higher tempera
tures the conduction is dominated by thermal activation
the polarons. At the temperature aboveTMI where dr/dT
.0 the electrical conduction comes from phonon scatter
of polarons~free polarons! transporting as free heavy pa
ticles, according to the Emin-Holstein theory. This gene
picture is found to apply to all compositions o
La22xSrxNiO4 according to our data. This small polaron co
duction mechanism in La22xSrxNiO4 is also supported by
thermopower33 and Hall effect2 measurements.

Figure 5 shows the fitted parametersU andEA versus hole

FIG. 7. The pressure effect on small polaron conduction fr
the measurement of the electrical resistivityr vs temperature for
La22xSrxNiO4 (x>0.8) at the indicated pressures. The inset sho
the pressure effect on the small polaron conductions from 100 K
to 300 K. ~a! x50.8, ~b! x50.9, and~c! x51.1.
12511
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dopingx. ApparentlyU decreases with increasingx, indicat-
ing that the density of localized states at the Fermi le
increases with Sr concentration. A systematic representa
of the band diagram in thise-ph coupled system is presente
in Fig. 6.

A narrow polaron band is formed because of the existe
of a number of energetically equivalent sites in the crys
lattice. The Fermi energy resides in the polaron band and
a small gapDg appearing atEF because of high electron
correlations29 existing in the system.EA also decreases with
the increase ofx, but with a smaller rate thanU. SinceEA is
associated with the activation energy«0 of the intrinsic
charge carrier and the binding energyEpb of a polaron and
the electron transfer integralJ between nearest neighbo
sites, it is given by43,44

EA5«01Epb/22J. ~4!

The parameterJ is related to the polaron binding energ
by the relation J,Epb/2; a reasonable value18,44 is J
;Epb/3. The binding energyEpb is related to the polaron siz
~radius r p). These energy scales also relate to the CT g
Egap

CT through the equation

Egap
CT52Epb12«0'2Epb. ~5!

The parameter«0 can be determined from the thermopow
S since the intrinsic charge carrier only involves entro
when it is thermally activated, thus«0!EA .43 For example,
with such measurements Strangfeldet al.33 has shown that
d«0 /dx,0 for x.0.5 and«0'7 meV atx50.6. Since we
observe dEA /dx,0, we can see dEpb/dx,0, thus

s
p

FIG. 8. ~a! An example of pressure dependence of the me
insulation transition temperatureTMI for La22xSrxNiO4. ~b! Pres-
sure dependence of the small polaron conduction parameterEA

andU ~the inset! for La22xSrxNiO4.
6-5
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dEgap
CT/dx,0. This aids in understanding the role of dopin

which decreases the CT gap thereby improving charge tr
port conductivity.

IV. ELECTRICAL RESISTIVITY UNDER PRESSURE

In Fig. 7, the pressure dependence ofr plotted as ln(r/T)
versus 1/T for representative La22xSrxNiO4 (x50.8, 0.9,
and 1.1! specimens is displayed at five to six pressures in
range 0<P<1.6 GPa. Pressure is observed to weakly
creaser. Near room temperature, a rate of28.2%/GPa
(dr/dP'20.57 mV cm/GPa) is observed forx50.8. Simi-
lar values of 28.3%/GPa (dr/dP'20.80 mV cm/GPa)
and 26.9%/GPa (dr/dP'24.81 mV cm/GPa) are ob-
served forx50.9 andx51.1, respectively.

Fits to the data in the temperature range from 100 up
300 K provide the pressure dependence of the thermally
tivated polaron hopping energyEA which is displayed in Fig.
8~b!. We also find thatTMI is affected by pressure. For ex
ample, pressure drivesTMI for x51.1, from ;238 K at P
50 GPa to;190 K at 0.86 GPa providing a very large d
rivative of dTMI /dP'255.8 K/GPa as illustrated in Fig
8~a!. Pressures higher than;1.0 GPa are observed to driv

FIG. 9. The pressure effect on small polaron conduction fr
the measurement of the electrical resistivityr vs temperature for
La22xSrxNiO4 (x<0.5) at the indicated pressures.~a! x50.5. ~b!
x50 ~The inset is the temperature dependence of the magn
susceptibilityx of La2NiO4).
12511
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TMI to slightly higher temperatures. At temperatures bel
20 K, fits to the data plotted as ln(r) vs 1/T1/4 reveal the
pressure dependence of the fitting parameterU which is dis-
played in the inset of Fig. 8~b!.

Figure 9 shows the pressure dependence ofr for x50
andx50.5. As we described in the previous section, the b
fit for x50.5 comes from the VRH conduction of sma
polarons withr;exp(U/T1/4) for 4.2 K<T<300 K and for
x50 with r;exp(U/T1/2) for 30 K<T<300 K. For x
50.5, near 300 K, pressure decreasesr at a rate of
231.6%/GPa (dr/dP'231.91 mV cm/GPa) and atP
50 GPa the parameterU'59.1 K1/4 and dU/dP

tic

FIG. 10. Temperature-dependent resistivities plotted with app
priate abscissa to compare small polaron and semiconductor mo
across theTMI region for La22xSrxNiO4.
6-6
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SMALL POLARON TRANSPORT AND PRESSURE . . . PHYSICAL REVIEW B 67, 125116 ~2003!
'22.99 (K1/4/GPa). Interestingly, all the pressure curv
measured forx50 cross at the same temperatureTA
5170 K. AboveTA pressure is observed to slightly increa
r and belowTA pressure slightly decreasesr @for clarity,
only two pressure curves are shown in Fig. 9~b!#.

In order to gather information that may be connected w
this observation, we conducted magnetic susceptibilityx
measurements; these data are plotted in the inset of Fig.~b!.
We found that 170 K is the temperature where a peak ix
occurs resulting from short range local AFM order associa
with a possible onset of a low temperature orthorhom
~LTO! to tetragonal~LTT! transition, since this LTO to LTT
transition (Bmab to P42 /ncm) usually happens at a tem
perature below theM -I transition45–48 in La2NiO41d . The
fitted parameter U for x50 at P50 exhibits U
'155.8 K1/2 anddU/dP'29.98 K1/2/GPa. Since the resis
tivity reveals a very small pressure dependence both ab
and belowTA , this suggests that applied pressure does
appreciably change the localized states which exist at
temperature.

V. DISCUSSION

It is interesting that aboveTMI for compositionsx>0.9
the resistivity of the polaron scattering process also beha
as r;T exp(EA /kBT), as revealed in Fig. 10. A change
slope is only noticeable in the ln(r) vs 1/T plot, but not in the
ln(r/T) vs 1/T plot. This is also the indication of small po
laron conduction.49 On the other hand, from r
;T exp(EA /kBT), we have

dr/dT5exp~EA /kBT!~12EA /kBT!. ~6!

At TMI , dr/dT50 and we seeEA[kBTMI . Thus,TMI is a
direct measurement of the small polaron hopping energyEA .
Through Eqs.~4! and ~5! it can be seen that this furthe
reflects pressure-induced changes of the CT gap. WithTMI
andEA closely related, the pressure dependence of these
rameters~illustrated in Fig. 8! can be reassessed. The pre
sure dependence ofEA appears small, but it in fact reflects
very large change inTMI illustrating the strong effect which
pressure has on the transition region from nonlocalized
localized polarons.

According to the Emin-Holstein theory,42 the polarons are
quasiparticles~charge carriers! formed through electron~or

*Permanent address: Department of Physics and Astrono
UCLA, Los Angeles, CA 90095.

†Permanent address: Department of Physics, Montana State
versity, Bozeman, MT 59717.
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hole! polarization due to strong electron-phonon interactio
Above TMI (;QD/2, whereQD is the Debye temperature!,
the polaron motion is that of delocalized heavy-particle c
riers scattered by phonons, so the resistivity decreases
decreasing temperature@dr/dT.0, see Eq.~6!#. Below TMI
(dr/dT,0) the polarons are bounded to the impurity ce
ters moving by phonon assisted hopping. At low tempe
tures T,QD/4, the motion of the charge carriers betwe
equivalent sites is not thermally activated and the VRH
small polarons dominates the conduction. We are aware
QD5313 and 331 K forx50.25 and 0.33, respectively;50

values at other compositions are unknown to us. Fox
50.25 @see Fig. 3~a!#, below approximatelyQD/2 we see
VRH behavior, in contrast to theQD/4 prediction of Emin-
Holstein theory, and that the temperature range over wh
Eq. ~2! is valid appears to beT close toQD and above. The
similar temperature range is true forx50.33 ~not shown!,
but with a broader charge ordering transition area thax
50.25.

In conclusion, we have presented experimental result
pressure effect on the electrical resistivity of La22xSrxNiO4
for the first time over a wide range of hole doping lev
x(0<x<1.2). We have shown strong direct evidence
small polaron transport in this La22xSrxNiO4 system. The
polaron conduction parametersEA and U are functions of
both hole doping levelx and pressureP. The change of these
parameters directly reflects the change of the density
states near the Fermi level and the CT gap. We have
served the compositionally inducedM -I transition below
room temperature forx>0.9 andTMI decreases monotoni
cally with the increase of doping. But pressure is shown
weakly affect the resistivity andTMI cannot be completely
suppressed, which implies that the applied pressure does
appreciably change the localized states at the Fermi le
and applied pressure alone cannot destroy theM -I transition
and the CT gap. No superconductivity was observed at p
sures up to 1.6 GPa and temperatures down to 4.2 K.
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