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Small polaron transport and pressure dependence of the electrical resistivity
of La,_,SrNiO, (0=x=<1.2)
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Measurements of the electrical resistivityas a function of temperatufeand pressur®(P<1.6 GPa) are
reported on La ,SrNiO, (0<x=<1.2). A compositionally inducei -I transition occurs fok=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 affectp, for example, near room temperature a rate-@.2%/GPa (p/dP=—0.57 m)/GPa) is
observed forx=0.8. Fits to the data for the same composition in the temperature range <U6<R00 K
provide a thermally activated polaron hopping enefgy= 30.3 meV anddE,/dP=—2.80 (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.
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[. INTRODUCTION ides (TMO'’s) which have significant sensitivity to pressure.
For example, the three-dimensioitdD) nickel oxideRNiO5
The compound La ,SrNiO, has been the subject of (R=Pr, Nd, and Smexhibits an extraordinary pressure de-
considerable attention due to its close relationship with thesendence of the metal-insulatoM¢l) transition which is
isostructural superconducting compound, LgSr,Cu0,.1™>  thought to occur as a result of the decrease of the CT gap as
Interest was further stimulated in 1989 by the observation ofvell as an increase in conduction bandwibithits M-I tran-
small magnetic and resistance anomalies at low temperaturggtion temperaturd,,;, is depressed by pressure at a rate as
in some nickel oxide sampl&s® which were thought to in- large asdTy, /dP=—95 K/GPa?"?? Sizable pressure ef-
dicate the occurrence of superconductivity; these observdects are also observed in the ferromagnet_L&aMnO;
tions were not substantiated in later experimén@harge  (0.2<x<0.45) 2% Most recently, we have reported pressure
and spin ordering has been observed i L&rNiO, (x  effects on Ruddlesden-Popp@P) phases La, ;Ni Oz,41
<0.5) whereby doped holes segregate to form hole-rich dogn=2 and 3.2* We found that pressure drive§y, of
main walls separating domains of antiferromagnetically or{_a;Ni,O; and LaNi;O;, to lower temperatures at modest
dered spingtypical valuesx=0.20, 0.25, 0.33, and 087  rates of 11 and 7 K/GP4, respectively, and high pressures
neutron diffraction has shown that local charge or@emo-  could completely depress their webk transitions. In gen-
laron ordering occurs above the spin ordering temperatureeral, pressure is expected to increase the metal-oxygen bond
where the stripe phase forrisSimilar effects are observed hybridization, thus decrease the CT gap. This could also lead
in LayNiO,, 5 with §<0.153°1 Both LaNiO, and to superconductivity or metal-insulator transitions as con-
La,CuQ, are strongly correlated 2D charge-transt@T)  firmed by the recent discoveries of superconductivity in
gap antiferromagneticAFM) insulators with electronic sulfur® and oxygerf®
properties determined largely through transition metad (3  In this report, the electrical resistivity of La,SrNiO,4
orbita) and oxygen (P orbital) hybridization. Near the under hydrostatic pressure up to 1.6 GPa is investigated over
Fermi energy, narrow hybridized conduction bands with twoa wide range ok(0<x=1.2). To our knowledge, the only
dimensional character exist. Doping of holes leads to metalhigh pressure measurements of the electrical resistivity of
lic behavior in the two systems and superconductivity in theLa,_,SNiO,4 were reported for the charge ordering compo-
cuprate; no superconductivity has yet been observed in thgtion x=0.33%" The charge ordering transition temperature
nickelate. A larger charge-transfer d&as been reported Tcg of Lay ¢S 3NiO, was observed to be weakly depen-
for the nickelate and it has been suggested that this systedent on pressure. Most strikingly, no pressure measurements
differs from the cuprate through stronger electron-phonorof the electrical resistivity have been conducted on
(e-ph) coupling, smaller charge carrier mobilty*® and  La,_,SrNiO, in the important region where metallic behav-
larger magnetic localizatidfiwhich lead to an unusual com- ior is observed (0.&x=<1.2). In this region, the localized
petition among magnetic and charge degrees of freedom. Thmagnetic moments on the Ni site are most negligible and the
lack of superconductivity in La ,Si,NiO, for any x value  possibility for a superconducting ground state is high. It is
could be due to the weaker metal-oxygen bond hybridizatiorsuggested that th#1-1 transition is related to the ground
which results in a larger charge transfer gap. state properties of highly correlated electron systéritsas
Pressure is a fundamental thermodynamic variable whiclthat found in high temperature superconductors where the
facilitates a controlled volume change of a physical systemsuperconducting ground state occurs at doping levels where
It is an outstanding tool in the study of transition metal ox-insulating behavior is suppresséde.g., Lg_,Sr,CuQ, is
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metallic for x>0.05 and shows superconductivity in the
range 0.05x=<0.2).3! In addition to this insulating-to-
metallic region, we are also interested in the insulating re-
gion in order to examine the influence of pressure on CT gap
insulator in general. On the other hand, the electrical conduc-
tion mechanism of La ,Sr,NiO, is not clearly understood,
although it has been studied by several gratHE>*Previ-

ous measurements of midinfrat@end x-ray° absorption in

La, ,SrNiO, revealed the existence of small polarons. This
will be examined herein through our pressure dependence of
the electrical resistivity experiment in order to expand our
understanding of the conduction mechanism of this system.

p (10° pQ cm)

Il. EXPERIMENTAL DETAILS

All La,_,Sr,NiO, samples were prepared from high pu-
rity La,Og, SrCG;, and NiO which were oven dried prior to
use. Stoichiometric quantities were thoroughly mixed, placed
in dense AJO; crucibles, and calcined at 1150°C in air,
followed by regrindings for 10 min; this step was repeated
four times. Subsequently, the sample was reground and re- i
acted at 1250 °C for one day; this step was repeated three ' . . . . .
times. The undoped samplex0) was then pressed into 0 50 100 150 200 250 300 350
pellets, reacted in argon at 1250°C for 16 h, and finally
cooled to room temperature at a rate of 6 °C/min. The re-
maining samples were reground and reacted in air at 1275°C FIG. 1. Temperature-dependent resistivitips for various
for one additional day, reground, pressed into pellets, andia;_,SNiO, (0<x=1.2) compositions.
reacted for 16 h at 1325°C for<0.5, 1350 °C forx=0.6
and 0.7, and 1375 °C for=0.8-1.2; these samples were all compositionsx=0.9 a metal-insulatorNl-1) transition oc-

cooled in air to room temperature at 1 °C/min. X-ray diffrac- cyrs whose transition temperattifg,, decreases monotoni-
tion was used to check for impurity phases revealing a minogally with hole doping? These are clearly seen from our data
NiO impurity (<2%). lodometric titration was used to de- piotted in the inset of Fig. ®) and Fig. 10. Our resistivity
termine the oxygen conterd; the obtaineds values agree data are in general agreement with those of Gatval. but
with those of Takedaand Strangfeldt al** For the chemi-  our overall resistivities are larger and show a minimum
cal formula Lg_,SKNiOy, 5, we found 6=—0.01+0.03  aroundx=0.8 instead ofk=1.0. The data of Takedet al?

for 0=x=0.8. Samples withx>0.8 exhibit a tendency to- reveal a minimum irp below 300 K forx=1.2. These dif-
ward oxygen deficiency = —0.02-0.01). The sample ferences likely arise from variations in oxygen stoichiometry
LayNiOy4, s was found to exhibip~0.04+0.01. All compo-  and specimen densitiés.

sitions remain chemically stable in air. The electrical resis- |n order to examine the electrical conduction mechanism
tivity as a function of temperaturé (4.2 K<T=300 K) of La,_SrNiO,, p(T) is compared to

was measured by a four-lead dc technique with pressure ap-

plied and maintained in a beryllium-copper self-clamping de- p=poeXpEy/kgT), (1)

vice using Fluorinert as the pressure transmitting fluid. All

pressures are applied at room temperature in a hydrostatighich represents simple thermally activated electrical
fashion. Pressure was determined at room temperature withanductivity’® in which an electron or holéas the charge
calibrated manganin resistance gauge. Calibrated Pt- and Siarrie) moves from one localized state to another due to an
diode thermometers were used and all measurements weegchange of energy between the charge carrier and phonon
performed with cooling rates of about 0.5 °C/min, in order to(the localization is not a consequence of interaction with a
facilitate thermal equilibrium between the sample and therphonon, but could occur due to a random electric field or

T (K)

mometers. disordered arrangement of atomim Eq. (1) pg is the elec-
trical resistivity at extremely high temperaturds, is the
IIl. ELECTRICAL RESISTIVITY AT AMBIENT PRESSURE thermal activation energy of the electron or hole, &ads

the Boltzmann constant. Realizing that the specimens are
The electrical resistivityp(T) of La, ,SrNiO, (0=x polycrystalline, only general statements will be made here
=<1.2) is shown at ambient pressure in Fig. 1. The resistiviregarding the electrical conduction mechanism. The electri-
ties change by several orders of magnitude withFor the  cal resistivity of La_,Sr,NiO, (0<x=<1.2) is plotted as Ip
compositions 6&x=<0.5, p(T) grows quickly with decreas- versus 1T in Figs. 4a) and 2b); since the data does not
ing temperature. The sudden increase gnbelow Tco  exhibit linear behavior through the entire temperature range,
=260 K forx=0.25 is associated with charge orderfigor ~ we conclude that Eq1) is an inadequate description. How-
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FIG. 2. Temperature-dependent resistivities fop L&rL,NiO, B0 (o Lo, se N0,
plotted as Ifip(2 cm)] vs 1T (K™1). (a) x<0.8; (b) x=0.8. The T 1\ 138
insets of(a) show the value ok, versus doping levek, and (b) ~ 200 Jeo o
exhibit the doping induced metal-insulator transition e¥ 0.9. % om0l oWk 3
a 1429
ever, this equation can provide a rough idea of thermal acti- § 100 i {44
vation energies in narrow temperature regions where the data ~ ao0sl lus
can be fitted. In the range 200<KT<260 K (note that
1 1 — -11.0 L L L 1 1 L L 4.8
Twi=<285 K) the fits yield values ofEy=98 meV for x W=7 % 1 1
=0, 86 meV forx=0.5, 10 meV forx=0.8, and 8 meV for 1000/T (K™
x=0.9. Measurements on a single crystal withk0.25 Tk
_ . 72 026 027 028 029 03 031 032 2,65
shows a comparable value &f=105 meV forp, andp in s e e e
this temperature rang®;this suggests that our polycrystal- g4l @ LS MO,
line samples provide activation energies similar to those of 2 76
single crystal samples. We note that the extracted activation % ’ E
energies are far smaller than the,N#O, CT gap of 3.5 eV g 78 2
(Refs. 38,39 formed between the Ni¢8 and O-2 bands, % 80l g
this band gap differs from the Mott-Hubbard gap arising W
through splitting of metal Ni-8 bands. For compositiorns
=0.9, aboveTy, dp/dT is positive indicating a charge car- B

rier energy positioned in the conduction band; bel®w p 405 6 7 8 9 10 N
is thermally activated but with a value &, significantly 1000 (K™)
smaller than that observed for compositioss0.9. In fact,

Eq is substantially smaller for all compositions below 20 K . g & X

as shown in the inset of Fig.(® indicating a change in scaled fprdlrect charge eXC|tat|ops above the moplllty edge |nt.0 the
; . conduction band or thermally activated nearest-neighbor hopping of

regime occurs irp for 20 K<,T<200 K. The gmall (?harge charges[curve (1), bottom + right axed, small polaron hopping

carrier meI|Ity of I__eg,_XSrXN|O4, as seen in Fig. 1, is con- [curve(2), bottom + left axed, and variable range hoppirfyRH)

sistent with Iocall_zat|on due to strong ele_ctron-phon_on[curve(3)‘ top + right axes, over a wide range of temperature)

coupling*"****which could be associated with polaronic y—g 25 (b) x=0.8, (c) x=0.9, and(d) x=1.1. The perpendicular

conduction****"**Given the occurrence of charge ordering arrows on each curve specify the plot axises. The scaling models

in this system, polaronic conduction seems a natural possikre as following:(1) p=po expEqy/kaT), (2) p=poT expEalksT),

lility. According to the Emin-Holstein theo(if, thermal-  and(3) p=poexpU/TH4). The inset of(a) displays thermally acti-

activated small polaron hopping leadsgan the form of vated polaron conductiofEg. (2)] aboveTq for x = 0.25.

FIG. 3. Temperature-dependent resistivities fop L&rL,NiO,
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FIG. 5. Variation of small polaron conduction parametgys
FIG. 4. Low temperature T<20 K) resistivities for andU vs doping levelx.
La, ,SrNiO, (x>0.5) show VRH behavior of small polarons.
[see Fig. 8a), for exampld. The same behavior is true for
p=poTeXpEalkgT), (2)  x=0.33and 0.50. Abov&co, Eq.(2) applies, indicating that
, . the contribution to the conductivity comes from the thermal
where_po is a constant related to the_ polaron concentration, .iivated hopping of small polarons. This can be seen by
and diffusion,E, is the polaron hopping energy, ant=1 \je\ing Fig. 3a) and its inset which illustrates fits above and
corresponds to the adiabatic cage the nonadlabafuc case, pelow Teo for x=0.25 using Eqs(2) and (3), respectively.
a= 1:5). At low temperatures the polarons can stl[l condpct,:or x = 0, the resistivity follows the 3D VRH E€B) in the
despite the small available phonon energy. In this r€9IM&yhole temperature range from 300 down to 30 K, but with
three-dimensional variable range hoppifi¢RH) applies B=1/2 indicating a highly correlated electron system; mea-

with a temperature-dependengiven by surements below 30 K were not possible with our apparatus.

p=poexp(U/T#), (€©))

where=1/4. In Eq.(3) py andU are fitting parameter4) Conduction
relates to the density of statg$éEr) at the Fermi leveEg, band
i.e.,Ux[g(EF)]~ Y4 For highly correlated electron systems,
a small gap appears Bt and 8=1/2.2°

Data in Fig. 3 are plotted in a manner which compares the E °
various conduction mechanisms described by Efs:(3). It
is clear in Figs. 82)—3(d) that Eq.(1) does not provide the
best fit over a wide temperature range in any case. For com- Ep o M
positions G6=x=<0.5, T¢o has been attributed to the onset of I — T
polaron orderind, at some compositions, beloW.q hole-
rich domain walls separate hole-poor AFM domains. This is E,
a potentially ideal physical system wherby polaronic conduc-
tion should be observed at high temperatures where the
charge carriers are fairly mobile, but dressed by the sur- Valance
rounding ions. At low temperature, two different nickel ionic band
species are frozen into discrete positions and the AFM or-

dered regions will likely b"_?‘ energy cc_)stly in_hopping pro-  giG. 6. Aband diagram foe-ph coupled La_,SrNiO, system
cesses. Thus, any conducting holes will prefer to hop amongith intrinsic charge carrier generatiorB, is the charge transfer
nearest neighbors with similar energies, these will I|ke|y be(CT) gap, pr is the po|ar0n b|nd|ng energy, is the energy re-
the domain-wall regions; this scenario may best be describeglired to generate intrinsic charge carries électron, and: hole)

by VRH. In fact, we have found that af<Tco for X  andAy is a small gap at the Fermi level specifying high electron
=0.25, Eq.(3) with 8= 1/4, provides the best fit to our data correlations in this system.

. oy band B!
h olayon ban gap

Lab B g B |

aq
[

h

125116-4



SMALL POLARON TRANSPORT AND PRESSUR. .. PHYSICAL REVIEW B 67, 125116 (2003

0 T T T T T T T LI 240 T T T T
: __ @ Lal.zsro.sNiO4 ) 1 230 (@) La, Sr, NiO, |
g 4L 220 i
£ I L %E 2101 .
% i E = dt, dP 2
Sl £-990 200 _ ssgK/GPa .
k= z o
= r 0.88 GPa 190+ o 1
-10 1.09GPa 103
L 1.49 GPa 180 L ! ! '
12 R T SR . 38 T — T T 32
-1 r T T T T T T T T 36 | (®) La, SENiO, )~
L (b) LaLISro‘gNlo4 R : o A'g ~~~~~ - 1428
31 " i 32 : il T
B N o o0 e [424
§-5 B i - ié/ 28 - 2 o4 Plcssgﬁ(GPa) 2 1 >f
S E o b x=09 5
€7t fr=000Gpa & <~ - 1<
- g < T
g 054GPa & Ar “—g
= 087GPa x=11 d1s
9 1.11 GPa >
133GPa 20 ' L ' —14
0 0.4 0.8 12 1.6
-11 * L * L * * Pressure (GPa)
-3 - ' I i 1 i 1 ' j LI
L © Lag S, NiO ' FIG. 8. (@ An example of pressure dependence of the metal-
-4 et A insulation transition temperaturgy,, for La,_,SrNiO,. (b) Pres-
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29 A 1 . 1 . | Lo X, A in Flg 6.
0 50 100 150 200 250 A narrow polaron band is formed because of the existence
1000/T (1/K) of a number of energetically equivalent sites in the crystal

FIG. 7. Th & I ool duction f lattice. The Fermi energy resides in the polaron band and has
. 7. The pressure effect on small polaron conduction from_ ¢ .. gapA, appearing aE; because of high electron

the measurement of the electrical resistivitws temperature for .= 99 O L . .
La, ,SENiO, (x=0.8) at the indicated pressures. The inset shoWscorrelanon% existing in the systemk, also decreases with

the pressure effect on the small polaron conductions from 100 K uﬁhe |nc_:rease O_X’ but with _a sr_naller rate thad. Slnc_:eE_A '.S
to 300 K. (a) x=0.8, (b) x=0.9, and(c) x=1.1. associated with the activation energy of the intrinsic

charge carrier and the binding enerBy, of a polaron and
For compositionsx>0.5, Eq.(2) gives the best fit down the electron transfer integral between nearest neighbor
to 100 K belowT,, [see Fig. &), for exampld. At low Sites, it is given b§>**
temperature <20 K), Eq.(3) with 3= 1/4 applies, as seen
from Fig. 4. The same behavior is illustrated by the0.9 Ea=got+Epy/2-J. (4)
and 1.1 specimens as illustrated in Figéc)3and 3d) and The parameted is related to the polaron binding energy
Fig. 4. These observations suggest that at low temperaturéy the relation J<E/2; a reasonable valtfe** is J
the conduction is through VRH of small polarons that are~Ey/3. The binding energ§ is related to the polaron size
bound to the holegbound polaronsand at higher tempera- (radiusr,). These energy scales also relate to the CT gap
tures the conduction is dominated by thermal activation ongC;p through the equation
the polarons. At the temperature aboVg, wheredp/dT
>0 the electrical conduction comes from phonon scattering ESJPZZprJF 2e0~2E . (5)
of polarons(free polarong transporting as free heavy par-
ticles, according to the Emin-Holstein theory. This generalThe parametes, can be determined from the thermopower
picture is found to apply to all compositions of S since the intrinsic charge carrier only involves entropy
La,_,Sr,NiO, according to our data. This small polaron con- when it is thermally activated, thug<E .** For example,
duction mechanism in La,SrNiO, is also supported by with such measurements Strangfeltial®* has shown that
thermopowet® and Hall effect measurements. deo/dx<0 for x>0.5 andey~7 meV atx=0.6. Since we
Figure 5 shows the fitted parametér®indE, versus hole  observe dE,/dx<<0, we can seedE,,/dx<0, thus
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IV. ELECTRICAL RESISTIVITY UNDER PRESSURE B
1000/T K )

In Fig. 7, the pressure dependencepgblotted as Ing/T) T .
versus 1T for representative La SrNiO, (x=0.8, 0.9, FIG. 10. Temperature-dependent resistivities plotted with appro-

and 1.1 specimens is displayed at five to six pressures in thé’”ate abscissa to compare small polaron and semiconductor models

range G<P<1.6 GPa. Pressure is observed to weakly de2¢"°%° theT, region for L3, SENIO,.

creasep. Near room temperature, a rate ef8.2%/GPa

(dp/dP~—0.57 m) cm/GPa) is observed for=0.8. Simi- Ty, to slightly higher temperatures. At temperatures below
lar values of —8.3%/GPa (p/dP~—0.80 m) cm/GPa) 20 K, fits to the data plotted as p)(vs 1TV reveal the
and —6.9%/GPa ({p/dP~—4.81 m() cm/GPa) are ob- pressure dependence of the fitting parameltsvhich is dis-
served forx=0.9 andx= 1.1, respectively. played in the inset of Fig.(®).

Fits to the data in the temperature range from 100 up to Figure 9 shows the pressure dependence d6r x=0
300 K provide the pressure dependence of the thermally aandx=0.5. As we described in the previous section, the best
tivated polaron hopping enerdy, which is displayed in Fig. fit for x=0.5 comes from the VRH conduction of small
8(b). We also find thafly,, is affected by pressure. For ex- polarons withp~expU/TY4) for 4.2 K<T<300 K and for
ample, pressure driveBy, for x=1.1, from~238 K atP  x=0 with p~expU/T¥?) for 30 K<T<300 K. For x
=0 GPa to~190 K at 0.86 GPa providing a very large de- =0.5, near 300 K, pressure decreasesat a rate of
rivative of dTy, /dP~—55.8 K/GPa as illustrated in Fig. —31.6%/GPa dp/dP~—31.91 {2 cm/GPa) and atP
8(a). Pressures higher than1.0 GPa are observed to drive =0 GPa the parameterU~59.1 K* and dU/dP
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~—2.99 (K¥YGPa). Interestingly, all the pressure curveshole) polarization due to strong electron-phonon interaction.
measured forx=0 cross at the same temperatufg ~ Above Ty, (~0p/2, where®y is the Debye temperature
=170 K. AboveT, pressure is observed to slightly increasethe polaron motion is that of delocalized heavy-particle car-
p and belowT, pressure slightly decreases[for clarity,  riers scattered by phonons, so the resistivity decreases with
only two pressure curves are shown in Figo)9. decreasing temperatufdp/dT>0, see Eq(6)]. Below Ty,

In order to gather information that may be connected with(dp/dT<0) the polarons are bounded to the impurity cen-
this observation, we conducted magnetic susceptibjjity ters moving by phonon assisted hopping. At low tempera-
measurements; these data are plotted in the inset of (. 9 turesT<®p/4, the motion of the charge carriers between
We found that 170 K is the temperature where a peak in €quivalent sites is not thermally activated and the VRH of
occurs resulting from short range local AFM order associate@mall polarons dominates the conduction. We are aware that
with a possible onset of a low temperature orthorhombic®p=313 and 331 K forx=0.25 and 0.33, respectively;
(LTO) to tetragonalLTT) transition, since this LTO to LTT Values at other compositions are unknown to us. Kor
transition Bmabto P4,/ncm) usually happens at a tem- =0.25[see Fig. 83)], below approximatelydp/2 we see
perature below thé-I transitio®~*®in La,NiO,, ;. The  VRH behavior, in contrast to th® /4 prediction of Emin-
fitted parameter U for x=0 at P=0 exhibits U Holstein theory, and that the temperature range over which
~155.8 K2 anddU/d P~ —9.98 KY?/GPa. Since the resis- EQ.(2) is valid appears to b& close to® and above. The
tivity reveals a very small pressure dependence both abow&imilar temperature range is true far=0.33 (not shown,
and belowT,, this suggests that applied pressure does ndput with a broader charge ordering transition area tkan
appreciably change the localized states which exist at lows 0.25.
temperature. In conclusion, we have presented experimental results of

pressure effect on the electrical resistivity of,LaSr,NiO,
V. DISCUSSION for the first time over a wide range of hole doping level
x(0=x=<1.2). We have shown strong direct evidence for

It is interesting that abov@),, for compositionsx=0.9  small polaron transport in this La,SrNiO, system. The
the resistivity of the polaron scattering process also behavgsolaron conduction parametei, and U are functions of
as p~TexpEa/ksT), as revealed in Fig. 10. A change in both hole doping levet and pressur®. The change of these
slope is only noticeable in the |p)vs 1/T plot, but notinthe parameters directly reflects the change of the density of
In(p/T) vs 1T plot. This is also the indication of small po- states near the Fermi level and the CT gap. We have ob-
laron conductio® On the other hand, fromp served the compositionally induceld-I transition below

~TexpEa/ksT), we have room temperature fok=0.9 andT,,, decreases monotoni-
cally with the increase of doping. But pressure is shown to
dp/dT=exp(Ea/kgT)(1—Ea/kgT). (6)  weakly affect the resistivity and,,, cannot be completely

suppressed, which implies that the applied pressure does not
appreciably change the localized states at the Fermi level,
and applied pressure alone cannot destroyMhk transition

At TMI y dp/dT:O and we SeEAE kBTMl . ThUS,TM| is a
direct measurement of the small polaron hopping en&igy

Through Egs.(4) and (5) it can be seen that this further onq the CT gap. No superconductivity was observed at pres-
reflects pressure-induced changes of the CT gap. With  gyres up to 1.6 GPa and temperatures down to 4.2 K.
andE, closely related, the pressure dependence of these pa-

rameters(illustrated in Fig. 8 can be reassessed. The pres-
sure dependence &, appears small, but it in fact reflects a
very large change iy, illustrating the strong effect which G. Wu would like to thank J. Cohn for the help of some
pressure has on the transition region from nonlocalized téow current measurement, and also acknowledge discussions
localized polarons. with J. Leao, H. Terashita, and E. Timmins. This work is
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