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Structural and electrical transport measurements are reported for the layered La,_ Sr,NiO,,; oxide for
a range of Sr and oxygen contents. The electrical properties change from semiconductor-like for
x < (.8 to metaltic for larger Sr content., The room temperature Seebeck coefficient changes from
semiconducting and positive for small x toward metallic and negative for large doping levels. From
analysis of the temperature dependence of the Seebeck coefficient we conclude that the transition from
the semiconductor to the metallic side of the phase diagram is achieved by the closing of the band

gap. © 1993 Academic Press. Inc.

1. Introduction

Transport and magnetic properties stud-
ies of K,NiF,-type oxides are subjects of
current interest for a number of reasons.
The occurrence of superconductivity in the
La,CuO, member of this family is an im-
portant one, but the change from semicon-
ducting to metallic behavior observed at
high temperature or when the sample is con-
veniently doped are interesting in itself.

Before the discovery of superconductiv-
ity in the La—Sr—Cu—0 system, oxides of
K;NiF, structure were already interesting
because of the strong anisotropy of the
structure which leads to a an essentially
2D oxide. Special attention has been de-
voted to the La,NiQ, oxide, its transport,
magnetic, and structural properties (/-4).
However, much less attention has been
paid to the Sr-substituted Ln,_ Sr NiO,
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(Ln = La, Nd, .. .) oxide in spite of its
close structural similarity to the supercon-
ducting cuprates,

Khairy et al. (5) reported the transport
properties of La,_ Sr.NiQ, (x < 1.12) in the
high temperature regime 300-1200 K. They
found that the resistivity decreases with x,
and there is a progressive transition from
semiconductor-like behavior to metallic be-
havior at high temperature.

Recently, Takeda et al. {6) and Cava et
al. (7} have reported electrical measure-
ments on samples of well defined oxygen
content down to 10 K. 1t was found that the
semiconductor—metal transition tempera-
ture decreases monotonically with increas-
ing x from about 675 K (x = 0) to 20 K (x =
1.2). The room temperature Hall coefficient
was found (6) to change from positive for
x > | to negative for x < 0.6. The observa-
tion of a negative Hall coefficient for the
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low-doped La,_ Sr,NiO, sample is surpris-
ing in view of the well established p-iype
conductivity in the nondoped samples of
La,NiO,. It is also disturbing that the re-
ported Hall coeflicient increases when x in-
creases (for x > 1) thus indicating a lowering
of the hole concentration.

Itis clear that extensive efforts are needed
to get a comprehensive understanding of the
transport properties; in particular, the char-
acter of the metal-insulator (M-I) transition
and the sign of the majority charge carriers
are still open questions. To that purpose, we
report in this paper new experimental data
on a set of well characterized La,_ Sr,NiQ,
samples. Of particular relevance are the
temperature dependence of the Seebeck co-
efficient data which provide new clues in
regard to the origin of the I-M transition.

2. Experimental

Two series of samples (R and O) of La,_,
Sr.NiQ,, ; were prepared from stoichiomet-
ric mixtures of dried La,0,, $rCO;, and
NiO. Samples of series O were obtained by
oxidation in air at 1200°C and samples of
series R were first reduced under Ar (results
for these reduced samples have been re-
ported elsewhere (8) and later were reoxi-
dized by flowing oxygen at 1000°C for 24 hr.

From iodometric titration it turned out that

the concentration of (NiQ)' units in both
series of samples was essentially coincident.
Although it is well known that iodometric
titration alone cannot provide an accurate
measure of the oxygen content in the sam-
ple, especially if the possibility of the exis-
tence of O~ species is considered (9}, it can
be used to compare both sets of samples. In
Fig. 1, we show a rough estimation of the
oxygen excess (8) deduced from the electro-
neutrality condition (assuming O?7), the cat-
ion composition, and the (NiO)* content
deduced from the todometry. The data in
Fig. 1 clearly reveal that for a given Sr con-
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Fi1G. 1. Oxygen excess (8) as a function of Sr concen-
tration {(x). Squares and circles correspond to samples
from the R and O series, respectively.

centration, the samples of O and R series
have similar oxygen contents.

Powder X-ray diffraction patterns were
obtained on a Siemens diffractometer by us-
ing CuKel radiation. Intensity data were
collected each 0.02° step in the angular range
20° <2 20 < 100°, Cell parameters and atomic
positions were obtained by using the
14/mmm space group and the Rietveld
method.

Cylindrical pellets of sizes D = 13 mm,
h=2mmand D =6mm, i = 0.3 mm were
prepared from powders of series O and R,
respectively. After pelletizing and sintering,
the samples of the R and O series have com-
pactness between 60% and 70% and be-
tween 73% and 80%, respectively. Rectan-
gular bars (1 x 1 x 10 mm’) were cut from
the pellets of O samples and the original
cylindrical peliets of samples of R series
were used to perform electrical resistance
measurements by the four-probe method,
from 10 to 300 K. For the more resistive
samples (x = 0.5) only the 60-300 K temper-
ature range has been investigated. At lower
temperature the higher resistivity of the
sample makes the measurements to be not
reliable because of the input impedance of
the voltmeter. A test of linearity was per-
formed to ensure ohmic behavior of the con-
tacts (silver paint). Data were corrected for
100% compactness using the Landauer ex-
pression (/8).
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- F1G. 2. Tetragonal lattice parameters a{x) and c(x).
The circles are our own results. The results of Khairy
et al. (5) (triangles) are also shown,

The Seebeck coefficient in the 300-80 K
temperature range was measured by a differ-
ential method with a reproducibility better
than 10% using a homemade apparatus.

As stated above, samples of batches O
and R have no differences in oxygen con-
tent. It will be shown below that they also
have the same composition and temperature
dependencies of the resistance. The
Seebeck coefficient values are also coinci-
dent. Samples of O and R series differ only
in the absolute value of the measured resis-
tance, This difference is caused by the pres-
ence of microscopic cracks existing in the
sample (7) which can be more important for
pellets of batch R because of their smaller
size. The existence of cracks and grain
boundaries is more relevant in resistivity
than Seebeck measurements because of the
open circuit experimental conditions of the
latter. Consequently, we will not attempt to
compare the absolute values of the resistivi-
ties but will use only the temperature and
composition dependence of the measured
resistance in the discussion of the experi-
mental data.

3. Results and Discussion
3.1. Lattice Parameters

Figure 2 shows the tetragonal lattice pa-
rameters ¢ and ¢ as a function of the stron-
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tium content (x). The parameter a decreases
monotonically as x increases while the pa-
rameter ¢ increases. The data of Khairy et
al. (5} are also included for comparison. The
fact that the slope of a{x) does not change
appreciably where the slope of the &(x)
curve clearly changes (x = 0.2, see Fig. 1)
indicates that this cell parameter does not
depend much on the oxygen content. As
shown in Fig. 2 the ¢ parameter is more
sensitive to the oxygen content.

The stability of the K,NiF, structure is
commonly described in terms of the toler-
ance factor

ra-0
rao V2
where r,_o=r, + rpand rg_o = rg + ryrefer
to the sum of the ionic radii of oxygen and
A and B cations. A and B cations have coor-
dination numbers of 9 and 6, respectively.
The tetragonal K,;NiF, is stable for 0.85 <
t <. For the stoichiometric La,NiO, oxide,
t = (.88, which is close to the lower limit,
thus explaining why the ideal tetragonal
structure is somewhat distorted. For x >
0, r increases for two reasons. First, the
substitution of the La** by the larger Sr**
ion increases r,_ and thus 1. Second, stabil-
ity can be increased by reducing the rg_o
distance; this effect can be accomplished by
oxidizing the transition metal cation to a
higher valence state. For instance, oxygen
rich La,NiQ,,; oxide, formally containing
Ni*t| is tetragonal.

Figure 1 suggests that the x < 0.2 stabili-
zation of the tetragonal structure results
from both Sr?* ion size and oxygen excess
effects. For x = 0.2, the slope of &(x) is
smaller, indicating that charge neutrality
and structure stabilization are basically
achieved by Sr*" and Ni** size and charge
effects; oxygen defect plays a minor role.
The data of Figure 1 illustrate that the bind-
ing energy of interstitial oxygen is smaller
than that of the oxygen ions in the lattice
sites.

1=



458

4 0.02
h

L]
2.825 -0.015
n
-

—_ hel

@ 1.65 H0.01 %

g =
0.475 ‘\ -j0-005

1 L !y

L t
0 0.2 0.4 0.6 0.8 1
x

-0.7

Fi1G. 3. Room temperature electrical resistance ver-
sus the Sr contents {x) for samples of both series O
{circies) and R {triangles}). The right and left Y-axes
correspond to the O and R series, respectively.

3.2. Room Temperature Resistance

Figure 3 is a plot of the room temperature
DC resistance (p) versus x, for La,, Sr,
NiQ,, ; samples of series O and R. Both sets
of data show the same behavior: the resis-
tance decreases when the Sr content in-
creases. For x > 0.2 the resistance appears
to be less sensitive to the Sr content.

Comparison of Fig. 3 and Fig. 1 reveals
that the changes of slopes of p(x) and &(x)
observed at x = (.2 are closely retated. For
x > 0.2 the enhanced conductivity is mainly
caused by the holes introduced into the
Ni-O layers by the Sr doping. The absolute
value of resistivity measured in ceramic ma-
terials is subject to a number of experimen-
tal limitations (/6) which are difficult to
overcome. Therefore, comparison of the ab-
solute values can be meaningless. However,
it is worth to recognize that the resistivity
that one can extract from our data is close
(within an order of magnitude) to previously
reported values and the room temperature
resistance vs compositions is also similar to
that found by others (5-7, 1/-{4).

Arbukle et al. (/5) reported resistivity
measurements in the very similar oxide
Nd,_,Sr NiO,,;. The general behavior of
p(x) is similar to that shown in Fig. 3. In
close agreement with the present data, a
faster decrease of p(x) for x < 0.2 than for
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larger x values was also observed. Itis worth
noticing that in the Nd, . Sr,NiQ, ; case,
the change of behavior of p(x) occurs also
at x = 0.2,

3.3. Temperature Dependence of
Electrical Resistance (T < 300 K)

In Fig. 4 we show the plot of log(p) vs 1/
T for some representative La,_ Sr NiO,_;
compositions in the 60-300 K temperature
range. The x = 0.8 and x = ! samples display
metallic behavior above a certain tempera-
ture (=200 K for x = 1), For x < (.8 all
members of these series are semiconductors
in the explored temperature range. For the
low-doped samples (x < 0.5) a linear fit of
the log{p) vs. (1/T) curves in the high tem-
perature region (T > T* = 110 K) gives acti-
vation energies (F,)in the 70-90 me V range.
The values of E_ do not depend much on the
alkaline earth content, For x = 0.5 a single
activation energy cannot be obtained be-
cause of the pronounced curvature of log(p)
vs 1/T.

An order of magnitude of the mobility at
room temperature can be obtained from the
measured resistivity and using the doping
level as measure of the charge carrier con-
centration. In ceramic materials the mea-
sured resistivity represents only an upper
limit for the actual resistivity value (/6)}.
Consequently, to deduce an estimate of the
mobility we use the resistivity measured for
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FiG. 4. Log{p) vs I/T for some samples of series O.
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the O series because its lower values should
be closer to the actual one. For x =
0.03 the hole concentration deduced by
iodometry is p(0.03) = 2.6 x 10*' ¢m™
and the room temperature resistivity is
about 0.020 ©Q cm; the mobility results to
be u(300 K) = 0.12 cm*V~! sec™!, This
small value of the mobility indicates that
either the valence band is very narrow or
there is some degree of localization. In the
perovskite La, ,Sr, VO,, the high tempera-
ture (800 K) mobility for the semiconduct-
ing composition range was found to be
g = 1.5 x 107" em?V~'s7! (/7). Our mobility
for x = 0.03 is of the order of the limiting
value of 0.1 cm®V~'sec™! suggested by
Mott and Davis (/8) for hopping conduc-
tion just above a mobility edge. If one uses
the free electron mass value, a mobility of
about 1 ¢cm?V™! sec™! should be used to
obtain an estimation of the carriers mean
free paths of the order of the interatomic
distances. Qur smaller value signals an
important enhancement of the effective
mass.

At temperatures below T*, there is a pro-
gressive lowering of the slope of log(p} vs
1/T thus indicating that at low temperatures
the transport properties are dominated by a
different conduction mechanism. The cur-
vatures of log(p} vs /T do not change appre-
ciably with x. This observation suggests that
low temperature resistivity is controlled by
similar extrinsic defects. The general behav-
ior of p(T) is very similar to that recently
reported for Nd,_ Sr,NiQ, ., (15).

We have mentioned above that for T <
T* anew conducting channel should be open
to account for the apparent lowering of the
slope of log(p) vs. I/T. A contribution of a
VRH (Variable Range Hopping) regime is
explored in Fig. 5, where log{p) is plotted
vs (1/TY. Within a 3D VRH model a p =
po exp(T,/T)""* dependence is expected. Fig-
ure 5 shows that the VRH law fits the data
reasonably well, thus suggesting that in the
low temperature range (160 K > T > 60 K)
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F1G. 5. Log(p) vs (1/T)** for some samples of series
0.

the variable range hopping model can be
used to account for the data. Obviously,
this fit becomes gradually meaningless as x
increases and the metallic regime is ap-
proached (x > 0.8).

3.4. Thermoelectric Effects

The room temperature dependence of the
Seebeck coefficient (5) on the Sr content is
summarized in Fig. 6. For low-doped sam-
ples § is positive and decreases as x in-
creases. It becomes negative at x = 0.15 and
reaches a minimum value at x = (.6, At
higher doping S increases again but it re-
mains negative up to x = 1. Previous mea-
surements of the thermopower by Gopalak-
rishnan et al. ({4} found similar results, Our
data for x = 0 are also in good agreement
with the reported value of § (=3 pV/K) for
La,NiO, single crystals {/9). It is not sur-
prising that the Seebeck coefficient for sin-
gle crystal and our polycrystalline materials
are in such close agreement because the ex-
perimental open-circuit measuring condi-
tion makes the thermopower measurements
much less sensitive to the granular character
of the samples.

Shown in Fig. 7a is the temperature de-
pendence of §(7) for La,_.Sr,NiQ,,; in the
70-300 K temperature range. All semicon-
ducting samples display the same general
behavior; i.e., when temperature decreases
the Seebeck coefficient increase, reaching
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FiG. 6. Room temperature Seebeck coefficient for
La,_ .Sr,NiQy,; for samples of the O series (circles) and
of the R series (triangles).

a maximum at certain temperature T, and
decreasing again for lower temperatures. At
room temperature S is already negative for
x > 0.15 but for all compositions S(7T) also
extrapolates 1o negative values at higher
temperatures. For x = 0.8, 5(7) is quasi-
linear and negative, signaling the onset of a
metallic conductivity dominated by elec-
tron-like charge carriers. For x = 0.8 the
low temperature decrease of S(T) is reminis-
cent of the semiconductor behavior ob-
served in p(T). In Fig. 7b, S(T) data are
plotted vs 1/T. From this plot it can be
appreciated that the low-doped samples
show thermally activated behavior for T >
T.(x) > Ty, in agreement with classical the-
ory of excitation of carriers from localized
levels to a conduction band. In such a case,
S is given by
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S =~ kie((Ep — E)KT + A), (1)

where A is a parameter reflecting the scatter-
ing process and the temperature depen-
dence of the band gap. In Table I we summa-
rize the activation energies FE, = E. — F,
deduced from the fit of data (o Eq. (1) to-
gether with the temperature (7,) which sig-
nals the onset of the activated regime given
by Eq. (1). Because of the narrow tempera-
ture interval where the activated behavior
is observed the extracted energies should be
considered only as a rough estimate.

The activation energies E, obtained from
the data of Fig. 7b are always remarkably
smaller than the corresponding energies ob-
tained from conductivity measurements.
The energy differences E, = E, — E,, also
included in Table I, are about 60-80 meV.
Large E, values may indicate the important
contribution of the polaron energy forma-
tion in the mobility of the charge carriers.
Table I also shows that A < 0 for all the
samples. The A term must be positive if it
includes only the scattering process (20).
Negative A values can be originated by a
contribution from the temperature depen-
dence of the band gap. If one assumes a
linear temperature-dependent band gap,
Er— E, = A; — T and consequently A =
A, —y/R, where A, is the scatlering contri-
bution. Furthermore, if scattering by
charged impurities is the dominant mecha-
nism, then A, = 4 (20) and from the data
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FiG, 7. (a) Temperature dependence of the Seebeck coefficient, and (b) plot of S vs I/T for several

O samples. Linear behavior is observed above a certain temperature,

s» which depends on x.
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TABLE [

ENERGIES DEDUCED FROM RESISTANCE DaTa (E,) AND FROM SEEBECK DATA (E)), MoBILITY ENERGIES
(E, = E, — E)), MINIMUM TEMPERATURE (T, SEE TEXT}, AND THE A COEFFICIENT IN Eq. (1)

X Series E (meV) E{meV) E, T(K) A
0 0 73 14 59 157 —0.46
0.03 R 80 13 60 152 —0.55
0.06 R 70 10 70 125 —0.35
0.1 0 30 14 66 151 —0.54
0.15 R 72 9 80 144 —{0.46
0.2 R 90 11 80 150 —0.66
0,2 0 90 7.1 72 128 —-0.39

of Table I, values of y ranging from 3.7 %
107" to 4.5 x 107* eVK"! are determined.
These values are similar to those found for
La,_ ,Sr,VO, by Webb et al. (I7). It is also
similar to the value that can be inferred
from the Seebeck results on La,NiO,, re-
ported by Sayer et al. (13).

At temperatures T < T, = 100K, the
Seebeck coefficient decrease again. If ac-
cording to the discussion of Section 3.3 at
low temperature a VRH mechanism holds,
anS§~VT dependence is expected (18). On
the other hand, starting from the low tem-
perature side of the ${T) curve, a gradual
increase of S is also characteristic of an ex-
trinsic semiconductor in the temperature
range where the minority carriers are negli-
gible. In this case, S(T) rises because of the
increasing effective density of states and a
S(T) = Ln(T) dependence is expected (15).
Our data roughly display this temperature
dependence. However, on the basis of the
present Seebeck data, the investigated tem-
perature range below 100 K is to narrow
to dilucidate between both mechanisms.

An afternative explanation for A < 0is as
follows. Negative A results from the experi-
mental observation that for any composition
at high temperature S(7} extrapolates to
negative values. It is important to observe
that 5(T) becomes negative at lower temper-
ature as x increases (see Fig. 7a). It is well

known that in p-doped Ge or Si (2/) the
Seebeck coefficient is positive at low tem-
peratures but at high temperatures the in-
trinsic conductivity dominates the electrical
response of the material and § becomes neg-
ative. Similarly, one can argue thatin La,_
Sr,NiQ, ;. for low-doped samples and at rel-
atively low temperatures, the Sr
substitution or the native excess of oxygen
gives rise to an extrinsic conductivity and a
positive Seebeck coefficient. At higher tem-
peratures the intrinsic conductivity sets in
and because of the higher mobility of the
electrons with respect to holes (20) the sign
of § becomes negative. Consequently, S is
electron-like at high temperature. Note that
with this approach, the enhancement S{7)
in the 300-100 K temperature range does
not provide a simple measure of either the
activation energy or the band gap because
in this transition region from intrinsic to ex-
trinsic conductivity, the Seebeck coefficient
is strongly dependent on the relative mobil-
ity of both electrons and holes and on their
concentrations (2/). If so, the activation en-
ergies £, and E, of Table I could not be
significant.

Within this framework, the fact that for
heavily doped samples the room tempera-
ture Seebeck coefficient is already negative
may indicate that for these samples the in-
trinsic regime is reached at lower tempera-
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tures and consequently we can conclude
that the band gap should become narrower
4% X INCreases.

4. Concluding Remarks

In the simplest approximation of a single
parabolic band, the positive Seebeck coef-
ficient data for the low level doping samples,
which have excesses of oxygen, signals that
holes are present in the sample and domi-
nate the transport properties. Excess oxy-
gen, probably as interstitial 07! as found in
La,CuQ, (9, 22), acts as an acceptor level
(A°(O)) in the electronic band gap of the
material. The partial substitution of La by
Sr also creates acceptor levels {A%(Sr))
above the VB (valence band). At 0 K holes
are bound to the acceptor levels but at
higher temperatures an electron can be ex-
cited from the VB to these levels, thus lead-
ing to a hole that can move ““freely’ in the
VB.

Recent results on Li-doped NiO oxides
(23) have shown that holes reside primarily
on the oxygen 2p orbital rather than on the
metal orbitals. Recently, a similar sugges-
tion has been made for La,NiQ,.; and
La,_,Sr.NiQO,,;(24) on the basis of XANES
and magnetic susceptibility data. If so,
La, Sr.NiO, should be considered a
charge-transfer insulator, with a VB arising
essentially from O2p orbitals and a CB aris-
ing primarily from Ni3d states.

The most straightforward interpretation
of the high temperature regime (T > 100 K),
where both p(7T) and S(7') show simply acti-
vated behavior, is that we are in an extrinsic
region, so the transport properties of the
systemn are dominated by the ionization of
the impurities and thus by the thermal acti-
vation of holes. E, = 2E, = 26 meV can be
estimated from the activation energy de-
duced from the Seebeck coefficient of the
less doped sample (see Table 1). As a result
of the interaction of impurity states, the
measured activation energy reflects the en-
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ergy position E, only in the isolated impu-
rity limit,

The microscopic nature of the activated
mobility given by E, is far from clear. How-
ever, we may tentatively propose the foi-
lowing mechanism. At high temperatures di-
rect excitation of electrons from the VB into
the CB states may occur. At lower tempera-
tures excitations can only occur to the local-
1zed states (E,). The hole concentration will
be

p = ppexp(—(E, — ER)ET),

where E, — FEp is the minimal activation
energy necessary to create a hole. As far as
this hole is created in the localized levels
that should exist close to the top of the VB,
it does not contribute to the conductivity.
Extra energy AW, is required to hop from
localized site to site, so the mobility will be

o= poeXxp(—AW /KT,
Consequently
o = oy exp(—(E, — Ep + AW\)/kT)

and the measured activation energy from
the conductivity measurement wili be much
larger than that measured from Seebeck
data. Thisis the dominant conduction mech-
anism above T > T, = 100 K. Within this
extrinsic conductivity model, the observa-
tion of A < 0in Eq. (1) has been interpreted
in terms of a temperature-dependent band
gap.

Because of £, and E, do not change ap-
preciably with the Sr contents, even when
the (I-M) transition is approached, it ap-
pears that the metallic regime is established
by charge delocalization within the impurity
band.

At still lower temperatures, electrons can
be excited to states close to E, which are
also localized in nature, and can tunnel to
more distant sites; this is the VRH regime.
From the data presented in Section 3.2 it
appears that for the low-doped samples, at
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T < T* (100 K) a VRH model can account
for all available data.

However, we have also shown that for
T > 100 K the §(T) dependence for all semi-
conducting samples can be understood in
terms of a transition from an extrinsic, hole-
dominated conductivity, to an intrinsic re-
gime at higher temperature. In the intrinsic
region, the higher mobility of electrons ex-
cited across that band gap gives rise to a
negative Seebeck coefficient. Within this
approach it 1s clear that our resuits signal
that when the Sr concentration increases,
the region where intrinsic conductivity dom-
inates the electrical properties of the mate-
rial is shifted toward lower temperatures.
Consequently, we can conclude that the
band gap closes as the [-M transition is ap-
proached.

A comment on the temperature (7y)
where S(T) reaches its maximum value is in
order. Our experimental data hardly reveal
any shift of T, with x. If the intrinsic regime
is reached at lower temperatures with in-
creasing Sr contents, at first glance one
would expect Ty to be reached at lower tem-
peratures, in contrast with the observed be-
havior. However, it must be recalled that
Ty is the result of a contribution of the low
temperature nonintrinsic regime and the
high temperature intrinsic one. Although de-
creasing the band gap would shift the high
temperature regime to lower temperatures
it may well occur that the low temperature
contribution is also reduced thus leading Ty
almost unchanged,

On the basis of the present data alone
we can not go further in the analysis of the
experimental data and so our suggestion of a
band gap closing induced by the Sr contents
should be only considered as a very plausi-
ble explanation of the available experimen-
tal results.

The consideration of the extrinsic con-
ductivity model described above was based
on the observation of an activated regime
for both p(7T) and 5(T). However, the data
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of Figs. 4 and 7 can be seriously criticized
because of the narrow temperature interval
where the activated behavior is observed.
The alternative picture of a gradual transi-
tion from extrinsic to intrinsic behavior at
T > 100 K avoids this difficulty and explains
naturally the curvature observed in p(T) for
the heavily doped samples.

In some recent papers, Torrance and co-
workers {25) have shown that in LaNiO,
(Ln = Nd, Sm, Pr) an I-M transition exists
at T = 130 K. These transitions have been
interpreted as a result of the closing of the
energy gap because of some delicate change
of the Ni-Q—-Ni angles and distances. In the
present case, the shortening of the Ni-O-Ni
distances could be also at the origin of the
I-M transition. However, in LaNiO; ox-
ides, because of the first-order character of
the M-I phase transition, which is accompa-
nied by a sudden change of the cell parame-
ters (25, 26), the resistivity change is more
abrupt than in La,_, Sr . NiQ,_,.

In summary, we have reported new resis-
tance and Seebeck data for La,_ St NiQ, ;.
The electrical resistance decreases as the Sr
content increases and changes from semi-
conductor-like to metallic at x = (.8, The
Seebeck coefficient changes from semicon-
ductor-like to metallic. At room tempera-
ture hole-like charge carriers dominate the
electrical response of the material for low
doping but for larger doping electron-like
conductivity sets in. On the basis of the
composition and temperature dependence
of the Seebeck coefficient we have con-
cluded that the I-M transition is achieved
by a band gap closing. At low temperatures
and for low-doped samples evidence is
found for charge carrier localization and it
is argued that disorder introduced by substi-
tutional (Sr) and interstitial (Q) species can
be its source.
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feld et al. (27) reporting resistivity and Seebeck data
for La,_,Sr,NiO;. Their experimental data for &(x),
p(x), and S{x) are in close agreemen! with the present
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