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Optical conductivity of the nonsuperconducting cuprate La8ÀxSrxCu8O20
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La82xSrxCu8O20 is a nonsuperconducting cuprate which exhibits a doubling of the elementary cell along the
c axis. Its optical conductivity has been first measured here, down to 20 K, in two single crystals withx
51.56 andx52.24. Alongc, bands are observed in both samples which correspond to strongly bound charges
and confirm that the cell doubling is due to charge ordering. In theab plane, in addition to the Drude term one
observes an infrared peak at;0.1 eV and a midinfrared band at 0.7 eV. The 0.1-eV peak is found at higher
frequencies below 200 K, in correspondence with an anomalous increase in the dc resistivity and consistently
with its assignment to localized charges. These results point out similarities and differences with respect to the
optical properties of superconducting cuprates.
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I. INTRODUCTION

In recent years, several studies have been devoted to
problem of localization and ordering of the doped charge
the cuprates. Theories of their metallic phase in terms
fluctuating charged stripes1–4 have been proposed. Models
high-Tc superconductivity5–7 have also been propose
which assume a coexistence of free and bound charges
perimentally, charged superlattices have been clearly
tected by diffraction techniques in compounds8 like
La22xSrxNiO4 or La22xSrxMnO4, which are isostructural to
La22xSrxCuO4 ~2-1-4!. In this latter, however, ordered array
of spin and charge have been observed only upon pa
replacement of La by Nd.9 On the other hand, charged strip
fluctuations have been detected in YBaCu3O72x by use of
neutron scattering10 and ion channeling11 as well as, in 2-1-4,
by x-ray absorption12 and angle-resolved photoemission.13

As far as the optical spectra are concerned, it is w
known that the complex optical conductivitys~v! of a me-
tallic cuprate, measured in theab plane, does not follow a
normal Drude behavior. In the literature, this effect has b
taken into account by using two different approaches. A
cording to the so-called ‘‘one component’’ or ‘‘anomalou
Drude’’ model,14,15 one assumes that both the carrier rela
ation timet and its effective massm* are functions of the
photon frequencyv:

s̃~v!5
ne2t~v!

m* ~v!@12 ivt~v!#
. ~1!
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This approach, which is most suitable to fit the smooth sp
tra of the HCTS close to optimum doping, has also be
employed to extract froms̃(v) optical pseudogaps in a va
riety of cuprates.15

According to an alternative, multicomponent model, t
real part of the infrared conductivity

s~v!5
v

4p
Im@ ẽ # ~2!

can be fitted by a Drude-Lorentz dielectric function

ẽ5e`2
vD

2

v22 ivGD
1(

j

Sj
2

~v22v j
2!2 ivG j

, ~3!

where, in the sum, one oscillator accounts for the so-called
band, another one for the midinfrared~MIR! band. Two fur-
ther oscillators are often needed to reproduce the C
charge-transfer band which appears in the near infrared
the visible.17 The analysis ofs~v! in terms of Eq.~3! is
supported by the fact that thed and MIR contributions,
which are needed to fit the spectra at optimum doping, h
been directly resolved in a number of cuprates, both insu
ing and metallic.

The d band is observed atvd;0.1 eV in both lightly
doped La2CuO41y ~Ref. 18! and Nd2CuO42y ~Refs. 16 and
19! and is extremely sensitive to both doping and tempe
ture. In Nd22xCexCuO42y ,20 it increases in intensity and i
displaced towards lower energies for both increasing dop
and lowering temperatures.20 The softening of an infrared
band forT→0 is quite unusual, as will be shown here als
©2002 The American Physical Society11-1
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A. LUCARELLI et al. PHYSICAL REVIEW B 65 054511
and allows one to make interesting comparisons with
nonsuperconducting oxides. Thed contribution is still
needed to fits~v! at x.0.15, where Nd22xCexCuO42y is
superconducting at optimum doping. Therein, it is found
frequencies even lower than the softest transverse pho
mode.20,21 Finally, it disappears in the normal metallic pha
at high doping (x.0.18). Its presence in superconducti
cuprates, at least those with lowTc , is confirmed by recen
observations of superconducting Bi2Sr2CuO6 close to opti-
mum doping (Tc520 K).22

The above observations are explained by assuming
thed band is due to polaronic charges that increasingly s
trap at lowT due to the competition between thermal ex
tations and charge-lattice interaction.16,18,20,23,24The soften-
ing of the charge binding energy for increasing polar
density ~i.e., for increasing doping and/or decreasing te
perature! is explained in terms of polaron-polaro
interactions.25–28 The strength of thed band seems also t
increase as the dimensionality of the environment decrea
In YBa2Cu4O8, an untwinned cuprate of the YBCO famil
that has both conducting Cu-O planes and Cu-O chains,
optical conductivity shows a Drude contribution well disti
guished from a huge polaronic peak at 0.1 eV, when
radiation field is directed along the chains.29 In turn, the
nearly T-independent midinfrared band has been obser
both in layered and cubic perovskites, upon doping, at'0.5
eV.17,30,31This band, which close to the MIT transition help
to build up the Drude term with part of its spectr
weight,17,30,31is usually attributed to electronic states crea
by doping in the Cu-O charge-transfer gap.

In the present paper the optical properties
La82xSrxCu8O20 ~8-8-20! will be studied and analyzed b
using the model of Eq.~3!. La82xSrxCu8O20 contains the
same chemical species as the 40 K superconductor 2
However,~i! it is not superconducting for anyx; ~ii ! it ex-
hibits in the electron diffraction spectra well-defined sup
lattice spots forx;1.6, indicating unit-cell doubling along
the c axis, diffused spots for;2.2.32 Therefore, an infrared
study of 8-8-20 can add information on the ordering proc
that takes place in this cuprate and provide interesting c
parisons with the optical behavior of the superconduct
cuprates.

II. SAMPLE DESCRIPTION AND EXPERIMENTAL
PROCEDURE

The crystal structure of La82xSrxCu8O20 is tetragonal,33

with lattice constantsa05b051.084 nm,c050.3861 nm. It
can be derived from that of La22xSrxCuO4 ~2-1-4! by elimi-
nating oxygen ions in a regular way. As a result, one is
with corner-sharing Cu-O6 octahedra, Cu-O5 pyramids, and
Cu-O4 squares. The latter ones form one-dimensional~1D!
chains along thec axis, while the corner-sharing Cu-O6 oc-
tahedra and the Cu-O5 pyramids form a 3D network of es
sentially 1D paths. The charges travel along this netwo
and there are no Cu-O conducting sheets. The transport p
erties of La82xSrxCu8O20 have been investigated on sing
crystals with 1.56,x,2.24. In this range the nominal charg
varies from 0.2 to 0.3 holes per Cu atom, compared w
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from 0.06 to 0.3 holes per Cu atom in the metallic phase
La22xSrxCuO4. Resistivity measurements on single crysta
showed that 8-8-20, similarly to other cuprates, has
‘‘anomalous’’ metallic region for 1.5&x&1.8, followed by a
normal metallic phase forx*2; however, for anyx, it is not
superconducting down to 1.3 K.34 At room temperature the
anisotropy in the resistivity isrc /rab;10 at anyx. At con-
stant temperature, bothrab andrc decrease for increasingx,
as usually observed in doped Mott insulators. As a funct
of T, both rab andrc are metallic like in the whole doping
range, but exhibit an anomalous broad maximum35 between
two temperaturesTc1 andTc2 ~with Tc1.Tc2! which change
with x. HereTc1 has been associated with a reduction in t
scattering rate of the itinerant holes, related to a weak fe
magnetic ordering in the 3D network. BelowTc2 an antifer-
romagnetic~AFM! order is observed and attributed to th
chains of Cu-O4 squares aligned along thec axis.34 The AFM
transition is associated with strong, opposite variations of
Hall coefficientsRH in theab plane and along thec axis, and
also with a sudden change inrab . These effects have bee
explained with the formation of a gap at the Fermi surfa
along certain directions, due to the formation of spin dens
waves atTc2 .35 Both Tc1 andTc2 decrease by increasingx,
until a conventional metallic behavior is established in t
sample withx52.24.35 As already mentioned, electron dif
fraction studies34 have shown that an ordering process cau
a doubling of the elementary cell along thec direction. Ac-
cording to the authors, the ordering involves the charges
troduced by doping, most probably in the CuO4 squares. In-
deed, one may remark that the anomalies in the resistivit
8-8-20 are quite similar to those detected in compounds
NbSe3, where one-dimensional charge density waves fo
below a critical temperature.36

The two single crystals selected for the present opt
study of La82xSrxCu8O20 have x52.24 andx51.56, the
highest and nearly the lowest doping level, respective
which have been studied in the literature. Based on the tra
port properties34 of crystals obtained from the same batc
the former should provide a good metallic spectrum for r
erence and the latter one, which hasTc15145 K andTc2
585 K, is expected to exhibit ‘‘anomalous’’ spectral featur
in the clearest way. Both crystals were grown by t
traveling-solvent floating zone method.35 Their chemical
composition was determined by the inductively coupl
plasma atomic emission~ICP-AES!. The transport and mag
netic properties of the samples have been described in
35.

The samples were mounted on the cold finger of a tw
stage closed-cycle cryostat, whose temperature was kept
stant within 2 K and could be varied from 295 to 20 K. Th
reflectanceR(v) of the samples, with the radiation field i
the ab plane, was measured relative to gold- and aluminu
plated references. With the radiation field polarized along
c axis, the reference was obtained by evaporating dire
gold on the sample.37 Thus we obtained reliable absolu
values of the reflectivity in spite of the small transverse
mension of the sample. The spectra were collected by a r
scanning interferometer, typically from 80 to 20 000 cm21. A
Drude-Lorentz fit was used to extrapolate the reflectivity
1-2
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OPTICAL CONDUCTIVITY OF THE . . . PHYSICAL REVIEW B 65 054511
v50. On the high-energy side, our data were extrapola
with the reflectivity reported in Ref. 38 for La22xSrxCuO4,
under the reasonable assumption that the ultraviolet band
8-8-20 are not too different from those of 2-1-4. The real p
of the optical conductivitys~v! was then extracted from
R(v) by usual Kramers-Kronig transformations.

III. RESULTS AND DISCUSSION

A. Optical response of thec axis

The reflectivity R(v) measured along thec axis of
La82xSrxCu8O20 is shown in Fig. 1 forx52.24 ~top! andx
51.56 ~bottom!. The spectra are reported in the range fro
40 to 20 000 cm21 at six different temperatures.R(v) exhib-
its a metalliclike behavior in both samples with a we
evident pseudoplasma edge around 10 000 cm21. The elec-
tronic band in the visible range is similar to featur
observed in most cuprates.17,30 and attributed to the Cu-O
charge-transfer transitions. Forx52.24, it can be reproduce
by two Lorentzians placed at 17 800 and 21 200 cm21, with
e`54.1. At low frequencyR(v) differs in the two crystals.
The sample withx52.24 shows a standard metallic refle
tivity, except for a smooth anomaly at;600 cm21 for T
&150 K. On the other hand, forx51.56 there is a clea
change of slope inR(v) around 300 cm21, suggestive of two
different contributions tos~v!. The contribution at high fre-
quency exhibits a more pronounced temperature depend
than that at low frequency.

The multicomponent structure of the absorption is evid
in the real part of the optical conductivity, reported for bo

FIG. 1. Infrared reflectivity measured up to 20 000 cm21 at dif-
ferent temperatures, with the radiation field polarized along thc
axis for bothx52.24 ~top! andx51.56 ~bottom!.
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crystals in Fig. 2. In the sample withx52.24 ~top!, s~v!
exhibits two well-defined components in the infrared, w
different temperature behaviors: a Drude term which
dominating forv&1500 cm21 and narrows forT→0 and a
broadband in the midinfrared. This latter is separated fr
the Drude contribution by a change of slope at;1500 cm21,
more pronounced at lowT. The inset compares the exper
mentals~v! at 20 K with a fit to Eq.~3!. In the frequency
range shown in the inset, this includes a Drude term w
vp.1500 cm21 at all temperatures and aGD which de-
creases from 1200 cm21 at 295 K to 400 cm21 at 20 K, a
contribution in the midinfrared peaked at 2300 cm21 at 20 K
and a weak background centered at about 9000 cm21. Based
on these results, it seems quite reasonable to assign the
infrared band to those bound charges which produce a
fuse scattering in the electron diffraction spectra of thex
52.2.4 sample. In turn, the strong Drude term accounts
the good dc conductivity of this compound along thec axis.
Therefore the present data show a coexistence of free
bound charges in the cuprate even atx52.24, a doping value
which provides at all temperatures the lowest dc resistiv
reached by this compound.

A Drude-like absorption and a band in the midinfrared a
found also in the sample withx51.56 ~bottom panel of Fig.
2! where, however, they are directly resolved in thes~v!.
This is due to the fact that the Drude term is weaker than
x52.24 by a factor of 10, the midinfrared band by a factor
2. By recalling the results of Ref. 35, one may assign

FIG. 2. Infrared optical conductivity of thec axis at different
temperatures, as extracted from theR(v) of Fig. 1, for x52.24
~top! and x51.56 ~bottom!. The inset compares the experiment
s~v! at 20 K ~solid line! with a fit based on a conventional Drud
term ~dotted line! and two contributions at infrared frequencie
~dashed lines!.
1-3
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A. LUCARELLI et al. PHYSICAL REVIEW B 65 054511
sharp,T-dependent midinfrared band here observed fox
51.56 to the photoexcitation of those bound charges wh
for x51.6, contribute sharp superlattice spots to the elec
diffraction spectra. The peak frequency increases monot
cally from ;2300 cm21 at 295 K to;3300 cm21 at 20 K. At
the latter temperature, the corresponding band in the inse
Fig. 2 is peaked at;2000 cm21. As already mentioned, a
softening of the bound-charge absorption for increasing d
ing has also been observed in superconducting familie
cuprates.20 If one describes the bound charges in terms
small polarons, as previously done for other perovskites w
charge ordering,39,40the peak energy of the band is just twic
the charge-lattice binding energyEp .41 From Fig. 2, atx
51.56 one thus findsEp;1100 cm21 at 295 K, Ep
;1600 cm21 at 20 K.

The full opening of a charge-ordering gap ins~v!, as
observed, for instance,40 in La1.67Sr0.33NiO4, is prevented in
La6.44Sr1.56Cu8O20 by the Drude-like component, which i
Fig. 2 is observed at any temperature. This shows that
bound charges are coexisting with free charges in the 1
crystal, consistently with its not negligible dc conductivit
Due to the peculiar structure of 8-8-20 along thec axis, the
two types of charges are likely to be even spatially separa
The ordered charges can occupy the CuO4 chains, as already
proposed,34 while the free carriers may travel along the zi
zag paths formed by the polyhedrical network, which a
aligned in average along thec direction. A similar situation is
encountered, for instance, in NbSe3, which remains metallic
down to the lowest temperatures in spite of the formation
charge density waves. These latter appear in two out of
three infinite-length trigonal prisms that build up the stru
ture of NbSe3, while the third one remains metallic.42

B. Optical response of theab plane

The reflectivityR(v) of the ab plane of La82xSrxCu8O20
is shown in Fig. 3 forx52.24 ~top! and x51.56 ~bottom!.
The spectra are reported in the range from 80 to 3000 c21

at different temperatures. In the insets of both figuresR(v)
is shown at two temperatures in the energy range from 8
20 000 cm21. HereR(v) presents a metalliclike behavior i
both samples with a well-evident pseudoplasma edge aro
10 000 cm21. However, below 3000 cm21 the reflectivity of
the sample withx52.24 ~top panel! increases steadily by
lowering the temperature according to a conventional me
lic behavior, while in the sample withx51.56 ~bottom
panel! R(v) has a more complicated behavior. Indeed,
lowering T the reflectivity first increases down to 250 K
then, it decreases to reach at 20 K its minimum value.

The real parts~v! of the optical conductivity is shown in
Fig. 4 for both samples, between 80 and 5000 cm21 and at
different temperatures. In the sample withx52.24 ~top
panel! s~v! exhibits a pronounced metallic behavior. How
ever, the behaviors(v)}v21 that is observed in other cu
prates and that inspired the ‘‘anomalous Drude’’ model
Eq. ~1! is not observed here. On the other hand, a best fi
Eq. ~3! gives very good results~see the inset, where the fit i
superimposed to data! by using a normal Drude term plus
nearly flat background. This latter, in turn, is obtained by
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superposition of Lorentzians peaked in the midinfrared~2500
cm21! and in the visible. The Drude plasma frequency (vD
;5500 cm21) is approximately independent of temperatu
while GD decreases from 250 cm21 at 295 K to 90 cm21 at
20 K. By using these values one predicts asdc

5vD
2 /@60GD#;6000 ~2000! V21 cm21 at 20 K ~250 K! for

thex52.24 sample, in agreement with the measured valu35

within a factor of 2.
In the sample withx51.56 ~bottom panel!, where the

anomalies in the dc properties are most evident,s~v! exhib-
its a complex structure. In the inset,s~v! is shown at two
temperatures in the whole energy range. At least four abs
tion bands are directly observed in the spectrum, which t
suggests a fit in terms of the Drude-Lorentz approach. T
band at the highest energy is a broad absorption loca
around 15 000 cm21, independent ofT, which may be as-
signed to the charge-transfer transition between Cu and O
second well-evident absorption is observed around 6
cm21 and is nearly independent of temperature. This feat
is then different from the midinfrared bands observed alo
thec axis and assigned to bound charges. It is instead sim
to the midinfrared band observed in most HCTS.30,17Accord-
ing to a pseudopotential calculation43 of the electronic struc-
ture of La4BaCu5O13, a compound with lattice structure an
transport properties similar to those of La82xSrxCu8O20, the
MIR band is due to a transition from an electronic ba
located at;0.5 eV below the Fermi energyEF to a band
which crossesEF .

A third absorption in the bottom panel of Fig. 4 is strong
dependent onT and extends from;500 to;4000 cm21. Let
us name its peak frequencyvd , for its similarity with other

FIG. 3. Infrared reflectivity measured at different temperatur
with the radiation field polarized in theab plane for bothx52.24
~top! and x51.56 ~bottom!. In the insets,R(v) is shown at two
temperatures up to 20 000 cm21.
1-4
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OPTICAL CONDUCTIVITY OF THE . . . PHYSICAL REVIEW B 65 054511
cuprates mentioned in the Introduction, where the co
sponding band is assigned to the photoexcitation of polaro
charges.18,20,24,29At low temperature thed peak is separated
from theT-independent MIR band by a broad minimum ce
tered at about 3000 cm21 ~see also the inset!. Another mini-
mum at lower frequency, between this third absorption a
the Drude term, deepens for decreasing temperature an
calls the optical pseudogaps reported for several underdo
cuprates.15 However, one sees from Fig. 4 that such deep
ing is due to a ‘‘blueshift’’ of thed band. Indeed, in the
present La6.64Sr1.56Cu8O20 crystal vd remains constant a
;800 cm21 between 295 and 200 K, but at lower tempe
tures it hardensto reach about 1500 cm21 at 20 K. This
behavior with temperature is quite different from that of s
perconducting cuprates, where usuallyvd softensfor T→0.
The intensity of thed peak increases from 295 to 250 K
decrease gradually from 250 to 20 K.

One can easily check that the displacement of thed band
occurs via a transfer of spectral weight within the low-ene
excitation spectrum of the carriers. Indeed, as one can se
the bottom panel of Fig. 4,s~v! is independent ofT both at
about 1700 cm21 and at 5000 cm21. If one introduces the
effective number of carriers

heff~v1 ,v2!5
2m* V

pe2 E
v1

v2
s~v!dv. ~4!

FIG. 4. Infrared optical conductivity in theab plane for the two
crystals, as extracted from theR(v) of Fig. 3 at different tempera-
tures. In the upper inset, the experimentals~v! for x52.24 is
shown at 20 K~thick dots! together with a fit~solid line! given by
a Drude term~dotted line! plus a broad background reproduced
a sum of Lorentzians~dashed line!. In the lower inset,s~v! is
shown for thex51.56 crystal in the whole measuring range.
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whereV is the cell volume andm* is assumed to be equal t
the free-electron mass, and putsv1580 cm21, v2
55000 cm21, one obtainsneff(80,5000)51.1560.02 at any
T from 295 to 20 K. Therefore, asT changes, spectral weigh
is transferred across the fixed point at 1700 cm21 with no
intervention from the electronic transitions at higher en
gies. This transfer is measured by the ratioDneff /neff
5@neff(80,5000)2neff#(80,1700)]/neff(80,1700), which is re-
ported at five temperatures in Fig. 5. One should notice
the error in this quantity is on the order of 2%. There
Dneff /neff is also compared with the behavior of dc resistiv
in the same sample. Indeed, in the inset of the figure,
ab-plane raw resistivityrab is reported by a solid line for
both crystals here considered.35 Due to the reduced numbe
of carriers, atx51.56, rab is larger than for thex52.24
sample, which behaves approximately like a conventio
metal. However, if one scalesrab for this latter by a constan
factor ~dashed line!, the two curves show the same tempe
ture dependence between 295 and 200 K. On the other h
below 200 K,rab for x51.56 deviates significantly upward
from its behavior atx52.24. In the main figure, the solid line
Drab /rab5@rab(1.56)2rab(2.24)#/rab(2.24) measures
such a deviation. As one can see, this line qualitatively f
lows the transfer of infrared spectral weight towards high
frequencies asT is lowered, indicated byDneff /neff ~stars!.
Therefore, one finds that the variation in the dc resistivity
related to the ‘‘blueshift’’ of an infrared oscillator at finit
frequency, well distinguished from the Drude term, the s
calledd band. This observation is consistent with the assi
ment of thed band in this cuprate to self-trapped charge
Indeed, according to any polaronic model ofs~v!,41 vd
}Ep , the self-trapping energy of the carrier. Therefore,
this framework the observed hardening of thed band below
200 K implies a lower hopping rate of the carriers, consist
with the anomalous increase observed below 200 K in the
resistivity.

FIG. 5. Behavior with temperature of the infrared spect
weight of La6.44Sr1.56Cu8O20 in theab plane, compared with that o
its dc resistivity,rab . Raw rab data are reported in the inset fo
both x51,56 andx52.24 as solid lines. The dashed line is therab

of x52.24, assumed as a normal metallic reference, once scale
a constant factor in order to match the high-T rab of x51.56. In the
main figure, the solid line gives Drab /rab5@rab(1.56)
2rab(2.24)#/rab(2.24): namely, the deviation ofrab in the x
51.56 sample from a normal metallic behavior. The stars repre
the ratioDneff /neff5@neff(80,5000)2neff(80,1700)#/neff(80,1700) as
obtained from thes~v! of Fig. 4 through Eq.~4!.
1-5
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A. LUCARELLI et al. PHYSICAL REVIEW B 65 054511
Finally, below 500 cm21 theab-plane infrared conductiv-
ity of both samples in Fig. 4 shows a Drude-like free-parti
absorption. Phononlike peaks are superimposed onto it, m
clearly for x51.56 due to a reduced screening effect of t
carriers. The extrapolations ofs~v! to v50 at different tem-
peratures agree within a factor of 2 with the correspond
values ofsdc extracted from the resistivities of Fig. 4.

IV. CONCLUSION

We have studied the optical properties
La82xSrxCu8O20, a nonsuperconducting cuprate charact
ized by a network of essentially one-dimensional paths. T
two single crystals here examined havex51.56 and x
52.24 or, approximately, the lowest and highest dopin
respectively, that have been studied in the literature for
compound.

We have first determined the optical response of thc
axis, where previous electron diffraction experiments
La82xSrxCu8O20 showed clear superlattice spots forx51.6,
diffuse superlattice scattering forx52.24. In the optical
spectra, forx51.56 we find a strong andT-dependent mid-
infrared band accompanied by a weak Drude term. Ax
52.24 we observe a broad, nearlyT-independent, midinfra-
red background coexisting with a strong and narrow Dru
term. The observation of such infrared features confirms
the cell doubling along thec axis is due to charge ordering
Midinfrared bands similar to those reported here have b
observed in other oxides~like nickelates and manganites!
which exhibit either commensurate or incommensurate
dering. Therein, however, the Drude term is usually abs
below the ordering temperature. In the present cuprate
the contrary, the ordered charges coexist with carriers m
ing freely along thec axis, because the two species are pro
ably placed on different paths. In any case, once again
observation of aT-dependent midinfrared absorption in
cuprate is intimately related to selftrapped, or polaron
charges, which at high doping may form ordered structu
tt

te

S
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We have then studied theab plane of La82xSrxCu8O20,
where no indications of superlattice features are extrac
from the diffraction experiments. The infrared spectra of t
x51.56 crystal exhibit again both a Drude-like term and
well-resolved midinfrared absorption. However, the lat
band is much softer than for thec axis of the same sampl
~;0.1 eV with respect to 0.3 eV!. A fit to thex52.24 optical
conductivity confirms the above two-term scenario also
the highest doping. However, unlike along thec axis, in the
ab plane one could have a single type of lightly bound c
riers, possibly large polarons. The Drude part of the spect
would reflect their behavior as quasifree particles; the s
band at 0.1 eV would correspond to their photoioniz
tion: i.e., their destruction by absorption of a photon. Th
interpretation is consistent with the observed correlation
tween theT dependence of the band at 0.1 eV and that of
dc resistivity in the samex51.56 sample.

By recalling what reported in the Introduction, theab
plane of La82xSrxCu8O20 behaves in the infrared like theab
plane of the superconducting cuprates, even if it has a q
different geometrical structure. However, a crucial differen
has been pointed out by the present experiment. While in
nonsuperconducting 8-8-20 the infrared bands related to
bound charges move to higher frequencies forT→0, indicat-
ing stronger localization, in some high-Tc superconductors
the corresponding absorption is found to soften for decre
ing temperature in the normal phase, indicating a carrier
localization or—in a phase separation scenario—stron
charge density fluctuations. This result should be taken
consideration by those models where the existence of bo
charges is related to the still unexplained phenomenon
high-Tc superconductivity.
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