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We have measured the room-temperature near-normal-incidence reflectivity of polycrystalline
pellet samples of La;-xSrxCuQOs—-, with x =0, 0.05, 0.10, 0.15, and 0.20 over a wide frequency
range (100-50000 cm ~!). The reflectance data have been fitted by an effective-medium approxi-
mation that takes into account the anisotropy in the dielectric functions perpendicular and paral-
lel to the CuO; planes. Results of our analysis concerning the optical properties of the CuO;
planes agree with reflectance data recently reported by Tajima eral. for the ELC polarization
spectrum of single-crystal Lajg3Sro17CuQOs~,. In addition to the frequencies and symmetries of
the ir-active phonons, the plasmons of the system have been studied systematically as a function

of Sr concentration.

I. INTRODUCTION

To date, no analysis of the optical properties of poly-
crystalline La;—,Sr,CuO4-, that specifically incorpo-
rates the important ir anisotropy has been presented sys-
tematically as a function of x. In this study, we have mea-
sured the room-temperature near-normal-incidence
reflectance spectra of La; - ,SrxCuQOy4-), for x in the range
0 < x < 0.20, which includes the composition range of the
highest 7. values for this system. The large spectral
range covered by the present work (100 cm " !<w
< 50000 cm ~!) allows analysis of the x dependence of
the ir phonons and plasmons. By using elementary
effective-medium theory to fit the spectra, we have ex-
tracted the symmetries and frequencies of the ir-active
in-plane (E,) and out-of-plane (A4,,) vibrations through
comparative analysis with isostructural materials, and
have obtained the ab-plane Drude parameters as a func-
tion of x.

In the past year, numerous optical experiments have
been reported on the high-T, cuprate La;—,Sr,CuOy4-—,.
Many of these studies have focused on the optical proper-
ties of Sr-doped polycrystalline La,CuOq.!~'? The mea-
sured optical properties were analyzed in some cases'!!
by Kramers-Kronig transform techniques although the
optical properties of La;—,Sr;CuO4-, are known to be
highly anisotropic.® The significance of the effects of the
anisotropy on the polycrystalline reflectance data of
La; - ,Sr,CuO4-, materials became apparent following a
polarized reflectance study of an isomorphic La,NiOj sin-
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gle crystal by Bassat, Odier, and Gervais.!> They report-
ed that the spectrum of the insulating & direction (EIE)
consisted of two very strong reststrahlen bands, while the
spectrum of the ab planes (E_L&) exhibited phonon struc-
ture superimposed on an overdamped Drude response.
The results of the La;NiO, study were found to apply to
the La,CuQy4 system following a reflectivity study per-
formed on the ¢ face of a superconducting single crystal of
La, gSro ,CuO4 reported by Tajima and co-workers,'* who
found the spectrum of the CuO, planes to be metallic and
well described by Drude theory. By comparing their
single-crystal data to spectra obtained from randomly
oriented polycrystalline grains, they constructed the
reflectivity spectrum for the Ell€ polarization and found it
remarkably similar to the out-of-plane spectrum reported
for La;NiO,.

II. EXPERIMENTAL DETAILS

The polycrystalline samples were prepared by standard
ceramic techniques. Powders of La;O3, SrCO3, and CuO
were combined in appropriate proportions to prepare mix-
tures with the desired compositions. These mixtures were
fired in air at 1000°C for two periods of 18 h each, with
an intermediate grinding. Each sample was then re-
ground and pressed at about 15000 psi to form cylindrical
pellets ~2 cm in diameter and ~ 5 cm thick. The pellets
were fired in air at 1000°C for 16 h, cooled to room tem-
perature, then refired for 144 h. Finally, they were fired
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at 900°C in flowing N, for 2 h and at 500°C in flowing
O, for 3 h, then cooled to room temperature at 1 °C/min.
All firings were carried out in Pt crucibles. Powder x-ray
diffraction data showed the final samples to be single
phase, with either the K;NiF, tetragonal structure
(x=0.10) or an orthorhombic distortion of the tetrago-
nal structure (x =<0.05). (The N, firing was used to re-
move traces of a second phase from the tetragonal sam-
ples.)

The microstructure of the ceramic pellets was examined
by scanning electron microscopy (SEM) and Auger elec-
tron spectroscopy performed in a Perkin Elmer PHI 661
scanning Auger multiprobe system. Rectangular pieces
(5%x5x10 mm?) were cut from the pellets and fractured
in the system under high-vacuum conditions (2x10 ~!°
Torr) to avoid surface contamination. SEM micrographs
revealed equiaxed grains with approximate dimensions of
5-10 um. A relatively homogeneous distribution of La,
Cu, and O was observed throughout the examined region,
but there was evidence of some Sr segregation at the grain
boundaries. This segregation effect has been addressed
elsewhere. !®

As a further characterization, ac-susceptibility mea-
surements were performed to determine the superconduct-
ing transition temperatures of the samples. In the temper-
ature range examined (7 >4 K), no transition was ob-
served for the x =0 and 0.05 samples, while transitions
with onsets at 29, 40, and 37 K were observed for the
x=0.10, 0.15, and 0.20 samples, respectively. These
values are in good agreement with other published data on
polycrystalline La;— ,Sr,CuOq4— . !¢

Optical reflectance measurements were performed in a
near-normal-incidence configuration using a Digilab
FTS-80 interferometer (80-4000 cm ~!) and a Perkin El-
mer Model 88 prism monochromator (0.1-4.0 eV). To
minimize the effect of surface roughness, the reflectance
was first measured on the as-prepared sample. The sam-
ple was then coated with an evaporated Al film about
1000 A thick, and the reflectance was measured versus an
Al film. The reflectance spectra shown in this work repre-
sent the quantity R(w)=R,;(RA)/R; A1), where R;, Rai,
and R a| are, respectively, the near-normal reflectance of
the uncoated sample, aluminum mirror, and Al overcoat-
ed sample.

III. RESULTS AND DISCUSSION

A. Anisotropy model

The room-temperature reflectance spectra of polycrys-
talline ceramic samples of La;—,Sr,CuO4-, with x =0,
0.05, 0.10, 0.15, and 0.20 are shown in Fig. 1. Inspection
of the spectra reveals a quite complicated arrangement of
infrared spectral features and a significant departure from
classical Drude response. Previous work® on the optical
properties of La; gsSrg15CuO4—, suggests that the ir an-
isotropy of the La;—,Sr,CuQO4—, system can be modeled
using elementary effective-medium theory. The reflectiv-
ity spectra were modeled following the procedure outlined
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FIG. 1. Reflectance spectra of Laz—xSryCuOs-, taken at
room temperature in a near-normal-incidence geometry. The
dashed lines are fits to the data using the effective-medium an-
isotropy model given in Eq. (1). The optical parameters of the
fits are gathered in Table I. The normal-mode eigenvectors
shown schematically in the figure are appropriate to KoMnF4
(Ref. 21) and a force-constant model is required to find the ap-
propriate modes for La;CuOa.

in Ref. 8 as
R(w)-(f)RL(a))+(l —f)R"(a)), (1)

where R, and R, are the reflectances of faces L and Il to
the crystallographic € axis, and f is the volume fraction of
the R, component. For tetragonal symmetry, f=%. In
this work the € axis is taken as the crystallographic axis of
uniaxial symmetry, which is perpendicular to the CuO,
planes. The values of R, and R, were obtained by model-
ing the dielectric functions from the factorized form of the
dielectric function'’
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and by adjusting Q;, ¥;, wp, and y,, which represent the
longitudinal optical (LO) and transverse optical (TO)
phonon frequencies, their damping factors, the plasma
frequency, and its damping constant, respectively. After
€, (w) and ¢ (w) were calculated from Eq. (2), R, ()
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and Ry(w) were obtained in the standard way,'® and then
substituted it Eq. (1), yielding the composite reflectivity
R(w).

Fits of Eq. (1) to the data are shown as dashed lines in
Fig. 1 and describe the data very well over a wide frequen-
cy range. The discrepancy between the calculated and ex-
perimental values above ~6500 cm ~! is attributed to the
onset of interband transitions above the plasma frequency,
which were not considered in our calculations. The low-
frequency regions of the spectra are rich in structure asso-
ciated with ir phonons, the symmetries and frequency as-
signments of which are addressed in the next section.
Values of the fitting parameters are listed in Table I for
the different Sr concentrations studied.

Table II lists the optical parameters of the x =0.15
composition deduced in this work and in previous studies
on polycrystalline ceramic samples by Sulewski, Noh,
McWhirter, and Sievers’ and Schlesinger, Collins,
Shafer, and Engler® together with the parameters ob-
tained by Tajima eral.'* from data for the ¢ face (ab
planes) of a single crystal of La, 83Srg17CuO4-,. The
values of Sulewski etal. and Schlesinger et al. were de-
rived from other anisotropy models. While the TO and
LO phonon frequencies are similar for the three polycrys-
talline studies, disagreement is found between the values
of the Drude parameters @, 7, and €~. Since the spec-
trum of our x =0.15 sample is essentially identical with
the spectra reported in Refs. 7 and 8, we conclude that
evaluation of the Drude parameters of the ceramic sam-
ples is model dependent. Due to the composite nature of
these materials and the approximations used in the anisot-
ropy models of this and other studies,”® it is not possible
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to obtain reliable absolute values for the Drude parame-
ters (€w, wp, 7,). However, since the reflectivity spectra
reported here were obtained from a sample set with simi-
lar morphologies and since these spectra were fit within
the same model, we have confidence in the reliability of
the relative x dependence of the fitting parameters. A ful-
ly reliable determination of the Drude parameters of
La; —,SrxCuQy4 can only be obtained from single-crystal
spectra; however, homogeneous Sr-doped single crystals
have proven difficult to synthesize. Therefore the develop-
ment of an anisotropy model for the polycrystalline cu-
prates which comes closest to reproducing the single-
crystal results is of great importance.

B. Infrared phonons

Symmetry analysis of the tetragonal structure (DJj) of
the Lay—,Sr,CuO4-, system (x=0.10) indicates that
there are seven allowed (q=0) infrared vibrations: 4E,
(x,y symmetry) +34,, (z symmetry). Unambiguous
symmetry assignments to Raman and ir frequencies of
materials having lower than cubic symmetry require po-
larization studies on single-crystal material. Due to the
difficulties encountered in producing Sr-doped single crys-
tals with faces large enough to do polarization studies, no
single-crystal polarization study of La;—,SrCuO4-, for
li".llc“:l 9and EL¢& has yet to our knowledge been carried
out.

It is therefore useful to tentatively assign frequencies to
the allowed ir vibrations of Las-,SrxCuO4-, from the
present study of polycrystalline pellet samples. By inter-

TABLE L. Fitting parameters (frequencies in cm ~') for Ell¢ and E_L& polarizations.

Sr concentration (x)

Polarization 0 0.05 0.10 0.15 0.20
El¢ An,-LO 590 570 575 580 570
Au,-TO 510 515 510 510 505
An,-LO 465 460 460 455 460
A2u,-TO 240 250 230 240 235
Az,,J-LO
A2,-TO
wp? ~0 <980 <1100 < 1040 <1030
€ 3 5 5 5 5
ELlé Eu-LO 740 720 720
E,-TO 680 685 685
E.,-LO 450 445 435 420 410
E.,-TO 380 380 390 385 380
E.-LO 340 335 345
E,,-TO 160 150 155
E.-LO
E., TO
wp <800° 4900 5500 5200 5150
Yp 0 3400 2850 1950 2900
€oo 3 1 1 1 1

Estimated from the anisotropy of the critical fields (see text).
®This value represents the upper limit of our uncertainty in w,.
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TABLE II. Comparison of fitting parameters (frequencies in cm ~!) for Lay-,Sr,CuQOs-, obtained
from data for single-crystal (x =0.17) and polycrystalline (x =0.15) samples.

This Tajima Sulewski Schlesinger
Polarization Phonon work?® etal.® etal® etal.®
(cm™") modes (poly.) (single) (poly.) (poly.)
Ellé wTO 240 230 242 240
Lo 455 465
wTO0 510 510 494 490
oLo 580 595
wp <1040 ~0 12100 1300
Yo 19358 3000
€oo 5 10.4 4.5
ELé wTO 135 150
wLO 150
TO 385 360 360 350
Lo 420 390
@TO 650 680
wLO 660
wp 5200 7180 13712 13000
Yp 1950 6695 24198 3000
€oo 1 7 1 4.5

*Effective medium approximation (EMA) calculation with spherical crystallites.

YExperimental results from E_L¢ polarized reflectance study of single-crystal La;sSro2,CuQs. The Ellé
contribution was inferred from comparisons with polycrystalline data (Ref. 14).

°EMA calculation with rod-shaped crystallites (Ref. 7).

dLarge crystallite limit approximation (Ref. 8).

preting our ir frequencies in light of optical studies on
single-crystal K,MnF4,2%?' Rb,MnCls,?®?' and Laj-
NiOyg, 13 which are isomorphic with La;—,Sr,CuO4-,, we
have assigned frequencies to the ir-active, zone center vi-
brations in the DJ/ space group. In Fig. 2, the displace-
ments and symmetries of the ir-allowed modes of
La,CuOy are illustrated using the eigenvectors calculated
for the isomorphic K,MnF,4 by Strobel and Geick.?! In
Table III, the frequencies of these vibrations are com-
pared with the frequencies of similar vibrations in the iso-
morphic materials. Table III also lists the phonon fre-
quencies predicted for the tetragonal phase of
La;—xSrxCuO4 -, from reduced mass scalings of similar
vibrational frequencies of the isomorphs.

Neither the A,,, nor E,, modes are evident in the
La;—,Sr,CuO4-, spectra, because the frequencies of
these peaks reside below the spectral range examined. '’
The frequencies of these vibrations in K;MnF,4 are 158
cm ! and 102 cm !, respectively. Scaling these values
with the reduced masses of La; ¢Srg;CuOy yields frequen-
cies of 107 and 66 cm ~!, respectively, which are near the
long-wavelength limit of our spectrometer. However, it is
possible that the frequencies do not simply scale (e.g., be-
cause of different Coulombic interactions). To obtain fur-
ther support for the mode assignments, the frequencies of
the A,, and E, modes identified in our ir spectra were in-
dependently calculated by scaling the frequencies of the
La,;NiO, vibrations, and the results are tabulated in Table
III, showing good agreement with the experimental
values. Burns et al.?? have also assigned symmetries and
frequencies to ir phonons of a polycrystalline Lajgs-

Sro.15CuQy4 reflectivity spectrum by invoking a similar
analogy to Sr;TiO4. The disagreement between the pho-
non assignments given in this work and in the study re-
ported by Burns eral. illustrates the necessity of single-
crystal measurements for unambiguous symmetry assign-
ments.

Figure 3 shows the dependence on Sr concentration of
the LO and TO E, (unshaded circles) and 45, (shaded
circles) phonon frequencies listed in Table I. The estimat-
ed uncertainty in frequency is also shown. No obvious
softening of phonon modes with Sr doping is observed. An
apparent softening of the low-frequency A4,, TO vibration
when x is increased from O to 0.15 has been reported by
Schlesinger etal.,® and Tajima and co-workers.'*
Whereas Schlesinger ef al. assumed this mode to involve
La vibrations and the softening was a consequence of the
replacement of trivalent La with divalent Sr, Tajima et al.
proposed that the phonon softens abruptly at the Sr con-
centration corresponding to the onset of superconductivity
and the disappearance of antiferromagnetic order. Ac-
cording to our model, however, the 240 cm -1 Ay, phonon
is present in all the spectra, and we see no evidence for the
softening of this mode at room temperature.

The E,,, E,,, and E,, modes, which are dominated by
the vibrations of in-plane copper and oxygen atoms, de-
crease in oscillator strength or disappear entirely as the Sr
concentration is increased. This is probably due to an in-
crease in the ab plane carrier density and the concomitant
electronic screening provided by the Drude response.
Substitution of Sr for La produces holes on the in-plane
Cu and/or O sites, leading to a quasi-two-dimensional me-



8854 G. L. DOLL et al. 38

FIG. 2. Normal-mode displacements and assigned sym-
metries of the allowed q=0 ir phonon modes of the DJ] space
group. The eigenvectors, calculated by Strobel and Geick (Ref.
21) for K;MnF4, show the relative motion of the atoms, which
should be suitably modified for the La;CuQOy system.

tallic system. The increase in carrier density screens the
ir-phonon response. In particular, the modes that are
dominanted by the motion of the in-plane O~ anions
G.e., E,, and E.,,) disappear for x greater than 0.10.

C. Drude parameters

The dependence of the in-plane Drude parameters w,
and y, on Sr concentration deduced from our model is
shown in Figs. 4 and 5, respectively. In a band picture,
the unscreened plasma frequency is given by

2
wp=Amne” 3)
Mopt
where n is the carrier density, e is the electronic charge,
and myy is the optical band mass expressed in terms of the
free-electron mass (m,). Replacing La®* with Sr2* in-
troduces holes (x) into the system, so n in Eq. (3) be-
comes x/V., where V, is the volume of the unit cell. In a
rigid-band picture, where Sr2* doping lowers Er without
altering the band dispersion, the plasma frequency should

TABLE III. The ir TO phonon frequencies (in cm~') of
La, ¢Sro.1CuQO4-, and isomorphic compounds.

Eli¢ Elé
A2u3 AZuz AZul Eu‘ Eu3 Euz Eul
K2MnF,? 158 238 334 102 123 184 421
RboMnF4? 99 145 209 69 100 119 251
La;NiO4® 280 505 150 355 650

La; ¢Sro.1CuOy4 107 276 500 66 145 355 646
(calculated)

Laz—xSrxCuOq4-, 230 510 155 390 685
(from data)

*Reference 19.

PReference 13.

°The calculated frequencies for the A42,, and E., phonons are
derived from scaling phonon frequencies of K:MnF4 by the re-
duced mass of the La;—SryCuQs4-, vibration. All other pho-
non frequencies were calculated from the La;NiOs values.

be proportional to x 12 The solid line in Fig. 4 denotes
the results of a rigid-band calculation with mgp =2m,,
and V. equal to values reported by Hinks eral. * from
neutron diffraction studies on La;—,Sr,CuQO4. Choosing
the in-plane mgp in this way forces the calculation
through the w, (x =0.05) experimental result.

A deviation of the experimental plasma frequencies
(x=0.10) from rigid-band behavior (based upon the
above assumptions) is immediately apparent. We are
therefore faced with the question of why w, deviates from
rigid-band behavior as a function of x. In response to this
question, Tajima et al. 2 suggested that a saturation in the
plasma frequency with Sr doping may be caused by a log-
arithmic divergence in the density of states at the Fermi
level. Another possibility is that a high density of states is
pinning the plasma minimum, through the following
mechanism. Sr doping lowers the Fermi energy (Ef)
which for x =0 lies in an oxygen 2py, band due to the
large electronic anisotropy of the material. As the Sr con-
centration x is increased, Er is lowered until it encounters

800
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FIG. 3. Frequencies of the ir-active phonons in Laj—x-
SrxCuOs4 -, plotted vs x. Damping due to electronic screening
effects is observed for the E, modes, which involve the in-plane
motion of the oxygen anions.
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FIG. 4. Plamsa frequencies (w,) obtained from the fits to the
reflectance data plotted vs Sr concentration (x). An estimated
error (800 cm ~!) is shown. The solid line represents a rigid-
band calculation of w, assuming m ope =2me.

a Cu 3d band. We suggest that the narrowness and large
optical band mass of the Cu 3d band pins Er and hence
p. From our data in Fig. 4, this pinning would occur for
x > 0.05. Support for the placement of Ef in an O 2p
band for oxygen-deficient La,CuQ, is provided by spec-
troscopic measurements>*23 and by the relatively low op-
tical band mass (mqp =2m, ) deduced for x < 0.05.

For the polycr?lstalline samples, the out-of-plane plas-
ma frequency (w,) cannot be measured directly. Howev-
er, estimates for w)(x) can be made by relating the band
masses to results of critical-field measurements on similar
samples. The critical-field anisotropy ratio in the high-T
copper oxides is estimated to be ~5. Based on the
Ginzburg-Landau theory, the square of this ratio is pro-
portional to the mass anisotropy (m;/m ). Placing this
mass anisotropy in the expression for the optical plasma
frequency, we find w},' ~1+ w; for x = 0.05, and the values

5000 e

37501 —

cm-)

2500 —

~

e

1250 —

0 ] | 1 ]
0O 0.1 0.2

Sr concentration x

FIG. 5. Plasma damping factor (y,) obtained from the fits to
the reflectance data plotted vs Sr concentration (x).
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of wp(x) estimated in this manner are given in Table L.

The minimum in 7, that occurs at x =0.15 (see Fig. 5)
indicates that the carrier lifetime is longest for this Sr
concentration, which also yields the highest T values for
the La;—,SryCuO4-, system. We found in this work
that the room-temperature reflectance spectra of
La;—,Sr,CuO4—, can be adequately described with a
frequency-independent carrier lifetime. Recently, a
frequency-dependent carrier lifetime analysis was used to
interpret the far-ir optical spectra of the YBa;Cu3O; ma-
terial in the region of the proposed superconducting gap as
was also applied in similar studies to some of the heavy
fermion systems.2® This approach is justified if a simple
Drude model clearly does not fit the data. However, a
frequency-dependent free-carrier mass is not proved in
this approach, since another loss mechanism (i.e., low-
frequency phonons, etc.) may be responsible for the ina-
bility to fit the data at low energy to a Drude form.

A comparative study of the dc conductivity deduced
from the optical measurements (oo=w?27/47) and the
direct resistively measured dc conductivity (c4.) on the
same set of samples is shown in Fig. 6. Good agreement is
obtained between these independent measurements of oy
and oy, indicating that the Drude parameters obtained
from our model provide consistent estimates for the opti-
cal conductivity of the ab planes, and for the large anisot-
ropy in o4 (parallel and perpendicular to the ab planes).

The frequency dependent conductivity o(w) derived by
Herr etal.! from a Kramers-Kronig analysis of the poly-
crystalline reflectance spectra has a strong absorption at
240 cm ~!. This feature was later labeled a “charged pho-
non” by Rice and Wang.?” Based on the results of this
study and the single-crystal study of Tajima et al., '* it ap-
pears that the feature which gave rise to the proposed
240-cm ~! charged phonon is completely explained by the
anisotropy analysis in terms of a dominant A,, mode so
that the previous misidentification is due to the improper
treatment of the optical anisotropy.

The appearance of a 0.4-eV peak in the Kramers-

5000 T T T T
€ 3750 -
O
$ t [
2 2500 T —
=
s - Lt
3
2
S 1250 £ n
O

0 ] | ! |
0 0. 0.2

Sr concentration x

FIG. 6. dc conductivity obtained from the optical measure-
ments co=w?27/4r (@) and directly (resistively) measured con-
ductivity g4 (O) plotted vs Sr concentration at room tempera-
ture.
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Kronig conductivity spectra’!! of polycrystalline
La;—,Sr,CuO4 and YBa;Cu3;O;-5 samples has been
linked?” to a combined excitonic and charged-phonon
mechanism for high-7. superconductivity. However,
EL1¢& spectra for single-crystal La;gSro,CuQy4 (Tajima
etal.'*) and oriented films of YBa,Cu3O7-5 (Bozovic
etal. ®) clearly show no 0.4-eV feature in that polariza-
tion. Whereas these studies cannot completely exclude
the possibility of a 0.4-eV feature in the El¢ spectrum, we
have fit out data very well over an extended energy range
without the necessity of incorporating any electronic oscil-
lators in this frequency range. Thus, it appears likely that
there is not a strong electronic excitation at 0.4 eV in
these samples. Since a strong 0.4-eV feature has only
been observed in cases where Kramers-Kronig transforms
of polycrystalline reflectance spectra have been applied,
we conclude that this feature may be a by-product of fail-
ing to consider the anisotropy properly.

IV. CONCLUSIONS

Since it has been difficult to produce large single crys-
tals of La;—,SryCuQy4—, with 0.05 < x =< 0.20 (the range
of x yielding the high-T, values), optical studies examin-
ing the superconducting state have necessarily been per-
formed on polycrystalline pellet samples. The results of
the present study on the normal state of these polycrystal-
line samples are of importance in understanding the elec-
tronic as well as the lattice properties of the superconduct-
ing state. In this work, the effect of the crystalline anisot-
ropy on the lattice and electronic properties has been stud-
ied for 0 < x =< 0.20. Frequencies of the ir-active phonons
were assigned to the vibrational modes of D] symmetry,
and electronic screening of in-plane oxygen vibrations was
observed. We find that the replacement of La®* with
Sr2* produces a quasi-two-dimensional metallic system,
consistent with the formation of holes on the in-plane Cu
and/or O sites, and the increase in the carrier density was

found to screen the ir-phonon response, especially those
modes that are dominated by the motion of the in-plane
02~ anions. In our analysis, the dependence of the plas-
ma frequency on Sr concentration could be explained by
the Fermi energy passing through an O 2p, , band as a re-
sult of Sr doping and becoming pinned in a Cu 3d band
for x > 0.05.

Single crystals with a faces large enough to support op-
tical polarization studies have recently been produced for
x =0 and are currently being examined.?! However, the
superconducting transitions are generally much broader in
single crystals than in the polycrystalline pellets over the
appropriate range of x values. This increased broadening
is presumably closely related to the greater difficulty in
obtaining nearly stoichiometric oxygen concentrations. In
this respect, many critical experiments are best performed
with the polycrystalline pellet samples, which are more
nearly stoichiometric than the corresponding single crys-
tals.? The results of the present study should, therefore,
have relevance to electronic, magnetic, and optical studies
on the polycrystalline cuprates.
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