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The infrared reflectivity of single crystals of Bi,M,, ,,Co,O, (M=Ca, Sr, Ba; m=1,2),
Bi,Sr;Fe,0y 5, and Bi,Sr,MnOg ,5 was measured at room temperature between 0.08 and 1.4 eV. A
broad absorption band is observed in the mid-ir range (near 0.5 eV) in all the compounds studied,
and an absorption band near 0.3 eV is observed in the insulating system. In terms of a conventional
Drude-Lorentz model, the measured reflectivity and the frequency-dependent conductivity between
0.2 and 1 eV can be fitted with three broad Lorentzians and a Drude term. For the Bi,M,, ,Co,,O,
system, the reflectivity increases and assumes a more metallic profile as the number of Co-O layers
per unit cell increases, or as the ionic radius of M increases. The apparent plasma edge of this sys-
tem is about 0.3 eV, and remains unshifted for all Bi,M;Co,0,, as observed in the high-T, cuprates
in which the carrier density is changed by doping. In addition, as observed in the high-T, cuprates,
the reflectivity-frequency profile below the apparent plasma edge is less curved than predicted by
the Drude model. For the Bi,M,, ;,Co,, O, system, the intensity of the mid-ir absorption approxi-
mately scales with that of the free-carrierlike absorption. The compounds Bi,Sr;Fe,Oy, and
Bi,Sr;MnOg ,s appear more insulating in reflectivity measurements than does Bi,M,, ;,Co,O,.
However, the intensity of the mid-ir absorption in these crystals is slightly larger. Our results sug-
gest that the existence of a mid-ir absorption band is not a sufficient condition for the occurrence of
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high-T, superconductivity.

I. INTRODUCTION

The normal-state properties of the high-T, oxides' are
not well understood. An example is the frequency depen-
dence of the reflectivity in the mid-ir range, often referred
to as the mid-ir absorption. In early studies using ceram-
ic samples, the mid-ir reflectivity was used extensively to
identify the plasma edge. A sharp feature in the
frequency-dependent conductivity o(w) around 0.5 eV
was observed in ceramic samples of La, ,Sr,CuO,_,
and YBa,Cu;0;_,.>* This was identified with a charge
transfer excitation. However, later measurements on sin-
gle crystals and thin samples of YBa,Cu;O,_, (1:2:3)
failed to show the feature near 0.5 eV. Recently, the
mid-ir measurements on (1:2:3) by several groups have
converged at least qualitatively.*”® The free carrier
response in the reflectivity has been analyzed in at least
two ways, (1) by a Drude model with a frequency-
dependent mass and relaxation time or (2) by a Drude-
Lorentz model.*>’ Similar spectra were also found in
single-crystal Bi,Sr,CuQq,’ in the T-phase electron-type
superconductor Nd, gsCeq 1sCuO,_5,%'% and in the non-
cuprate oxide Bay (K, 4BiO;.!! These recent studies have
clarified the deviation of o(w) from conventional Drude
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behavior, and suggested the existence of an unusual low-
frequency excitation. The results could also indicate de-
viations from conventional normal metal behavior. Al-
though phenomenological models have been proposed,
the origin of these deviations is still far from clear.

To further investigate these issues in the high-T. ox-
ides we have extended reflectivity measurements to the
quasi-two-dimensional systems in which Cu in the
“bismuthates” is completely replaced by one of the ele-
ments Co, Fe, and Mn. At present, very few ir measure-
ments on these systems have been reported.!® As in the
high-T, Bi-Cu oxides, these compounds undergo a
metal-insulator transition upon doping [by changing M in
Bi,M;Co0,0, (y ~9.0)]. A structural modulation is also
induced by insertion of extra oxygen atoms.'? We com-
pare our results with those of the simple 3d-metal oxides
and chalcogenides.

All measurements were performed at room tempera-
ture. The reflectivity and the conductivity profiles as de-
rived by a Kramers-Kronig analysis are examined by a
Drude-Lorentz model to test the validity of the fit.

II. EXPERIMENTAL DETAILS
Large crystals (up to 3X5 mm?) of the single- and
double-plane Bi systems (in which Co replaces Cu entire-
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ly) were grown at Bellcore using an excess cobalt oxide as
the flux.'>»!13 In addition to Co substitution for Cu, the
alkaline earth metals Ba, Sr, or Ca in Bi,M;C0,0, (y ~9)
were used for M. The optimum annealing temperature
was different for each M. The compounds Bi,Sr;Fe,0y ,
(Ref. 14) and Bi,Sr,MnOg ,5 (Ref. 15) have been obtained
also using a 3d-metal oxide as flux but at different growth
temperatures. The oxidation states of the 3d metals, in-
ferred from TGA, magnetic susceptivity, and structural
data, are ~3 in Bi,M3Co0,0, (M=Ca, Sr, Ba), ~2.5 in
Bi,Sr,Co0g¢ ,5, 3—8 in Bi,Sr,MnOg¢,s, and 3+8 in
Bi,Sr;Fe,04,. All the Bi oxides were plateletlike and
easily cleaved, suggesting weak coupling between adja-
cent ab planes. Strong modulation of the Bi atom posi-
tions (structural modulation) was detected in all systems
by electron and x-ray diffraction measurements.'?> Crys-
tallographic parameters are summarized in Table 1.

None of these systems are superconductors; the com-
pounds  Bi,Sr;Fe,Oy, (Ref. 14), Bi,Sr,MnOq ,s,
Bi,Sr,CoO¢ 55 are  insulators. The  compound
Bi,Sr,MnOg ,5 is ferrimagnetic with a Néel temperature
Tnx=120 K, while Bi,Sr,CoOq,s is antiferromagnetic
with T, =100-270 K, depending on the preparation.
Further details of sample growth and characterization
have been described in Refs. 12-15.

The reflectance was measured at near-normal incidence
to the ab plane of the crystals in a commercial FTIR
spectrometer. The surface of the crystals appeared shiny
to the eye but significant surface roughness was
confirmed by a He-Ne laser diffraction pattern, and, for
some crystals, also by optical microscopy. Since the sam-
ples were not polished, corrections for surface morpholo-
gy effects are important in determining the absolute value
of the reflectivity of these systems. After measuring the
crystals, gold was evaporated onto the crystals and the
measurements were repeated. The sample reflectance was
normalized to the gold spectrum. Instrumental drift was
kept to within a few percent throughout each run. We
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estimate that the error in the absolute reflectivity is under
1% between 1000 and 9000 cm~!. Details of the mea-
surements are described in a previous report.’

We carried out a Kramers-Kronig (KK) analysis, using
the data at high frequencies (1:2:3, La,_,Sr,CuO, and
BaPb,_,Bi, O;) (Ref. 16) and the ellipsometry data on
ceramic samples of Bi,Sr,CoO,, Bi,Sr,YCu,04,5 and
Bi,Sr;Fe,0y , (Ref. 17) as extrapolation data at high fre-
quencies.

III. RESULTS

A. Bi,M;C0,0, (M=Ca, Sr, Ba) and Bi,Sr,CoOs ,s

Figures 1(a) and 1(b) show the typical temperature
dependence of the in-plane resistivity p,, and the out-of-
plane resistivity p. of Bi,Ba;Co,0, and Bi,Ca;Co,0,,
measured by the Montogomery method,'® respectively.
In general, the system becomes more conducting as the
covalent radius of M in the formula Bi,M;Co0,0, be-
comes larger. In Bi,Ba;Co,0,, p,;, shows a linear T
dependence above 100 K and a sharp increase below 30
K (pop =5 mQ cm at 290 K). The out-of-plane resistivity
p. has a quasimetallic temperature dependence, though
the resistivity p, is of the order of 10* times larger than
Pap- In BiyCa3Co,0,, p,, and p, strongly increase with
decreasing T below 290 K (p,, ~20 © cm at 290 K). In-
terestingly, p. of Bi,Ca;Co,0, at 290 K is smaller than
that of Bi,Ba;Co0,0,. For the Sr isomorph, a small T
dependence above 100 K is observed, followed by a
strong increase below 20 K (Ref. 13) (p,, is a few mQ cm
at 290 K). p,, in the single-plane variant Bi,Sr,CoOy ;5
also increases strongly with decreasing T (Ref. 13) with
Pap~1 2 cm at 290 K. In all these systems, the low-T
behavior of p,, can be fitted to the Mott variable range
hopping formula.

Figure 2 compares the reflectivity R(w) of the
Bi,M,, +,Co,,0, systems. A number of important

TABLE 1. Crystallographic parameters of the Bi-3d-metal-based oxides taken from the literature

(Refs. 12-15).

a(A) b(A) c(A)
(per unit cell)

Bi,Sr,CaCu,04 , 5 5.41 5.42 30.9 Ortho

(5.39) (5.39) (30.6)
Bi,Sr,CuOq., 5 5.38 5.38 24.7 Ortho
Bi,Ca;Co,0, 4.89 5.06 29.3 Ortho
Bi,Sr;Co,0, 29.9 Monoclinic
Bi,Ba;Co,0, 30.8 Monoclinic
Bi,Sr,Co0q 55 5.46 5.47 23.5 Ortho
Bi,Sr;Fe,0s , 5.45 5.46 31.7 Ortho
Bi,Sr,MnOq 55 5.45 5.43 23.6 Ortho
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features are obvious below 2000 cm™!. The overall

reflectivity R (@) tends to be higher for the larger M’s
(Ba). Compounds with large M are more conductive, as
will become apparent in a Kramers-Kronig analysis.
Moreover, in the reflectivity of Bi,Sr,, ,,Co,,0,, the sin-
gle Co-O layer compound (m=1) appears more insulat-
ing than the double Co-O layer compound (m=2). These
trends agree qualitatively with the dc resistivity results.
However, the apparent plasma edge remains near 2500
cm™! (0.3 eV). Similar behavior has been observed as
well in the Cu-O based high-T, systems. When La,CuO,
is doped with Sr, the Drude-like reflectivity increases but
the apparent plasma edge always stays near 1 eV.!° Simi-
lar  observations in  YBa,CuyO¢,,,®  ceramic
Bi,Sr, ,Ca, ., ,Cu,0,,” Nd,_,Ce,CuO,_;,*' and the
noncuprate system BaPb,_ Bi O; (Ref. 22) have been re-
ported, and frequently interpreted in terms of the mid-ir
absorption.*>’~° We may also assume the existence of
an absorption band below 0.3 eV in analyzing the spectra
of the Bi,M;Co0,0, systems. In the next two paragraphs,
we discuss the reflectivity R () of the Bi,M,, ,Co,,O,
systems below 0.3 eV.
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FIG. 1. Temperature dependence of the in-plane resistivity
(pas) and the out-of-plane resistivity (p.) of Bi,Ba;Co,0,(a) and
Bi,Ca;Co,0,(b).
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FIG. 2. Measured reflectivity of Bi,Ba;Co,0,, Bi,Sr;Co,0,,
Bi,Ca;Co,0,, and Bi,Sr,CoOq,s (dots), and Drude-Lorentz
model fits [Eq. (3)] (solid lines).

First, we attempted a fit of R(w) of Bi,M;Co,0,
(M=Ba, Sr) with a Drude model alone,

e-——sw—w;/[(w-H’rAl)w] (1)

between 600 and 2000 cm™! (w: frequency of the in-
cident light) (Fig. 3). Fitting parameters used are listed in
Table II. The fit is unsatisfactory and the fitting parame-
ters are not physically reasonable. However, as shown in
La,_,Sr,CuO,, 19 the change of the plasma frequency ),
is small and the scattering rate 7~ ! decreases with doping
(i.e., with a larger M). [In Table II, the carrier density n
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FIG. 3. Fit by a Drude model [Eq. (1)] (dashed lines) and by a
Drude Lorentz model [Eq. (2)] to the measured reflectivity of
Bi,Ba;Co,0,, (solid circles) and Bi,Sr;Co,0, (open circles).
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TABLE II. Fit parameters for a Drude model [Eq. (1)] and for a Drude model with frequency-dependent scattering rate
(77'=75 "4+ aw) (in parentheses) to the reflectivity of Bi,Ba;Co,0, and Bi,Sr;Co,0, .

o, 7! a £, Ppc Pab #iry ! n
(cm™") (cm™1) (mQ cm) (kpT) (m*/m cm™3)
Bi,Ca;Co,0, 1200 3100 ) 7 130 20 14.6 0.2 10%
Bi,Sr;Co,0, 5700 2000 7 4 9.5 3.6X10%°
(6300 1600 0.8 7 2 6.7 4.5X10%)
Bi,Ba;Co,0, 6100 1600 7 3 5 7.6 4.1X10%°
(8600 900 2.1 7 1 3.8 8.3 10%)

and the dc resistivity (p4.) estimated from the Drude pa-
rameters are also listed together with the resistivity p,,
obtained from transport measurements.]

In Bi,Ba;Co,0, and Bi,Sr;Co,0,, the Drude fit to
R (w) deviates from the data in a way very similar to that
observed in several high-T, cuprates such as (1:2:3),
Bi,Sr,CuOq_ 5,” and Nd,_,Ce,CuO,_;.° In particular,
the R(w)— o profile calculated from the Drude fit is
more curved than the measured reflectivity. As in the
case of the high-T, cuprate,*%"? this difference can be
reduced by inclusion of a Lorentz oscillator below 0.3 eV
(2400 cm™!) or by a Drude model with a frequency-
dependent 7~ !. In Fig. 3 we show fits to a Drude-
Lorentz model (DL model):

szsw—a)lz,/[(w-HT"l)w]—wi,/(mz—wf-i-iw'r,_l) . @)

The DL fit parameters (0,7~ ',0,,7; ',0,) are listed in
Table III. As shown in the high-T, cuprates,®2! the peak
intensity of the Lorentz oscillator in the conductivity
o(w) (wf,, /71 Y) scales with that of the Drude term
(@3/77"). A Drude model with a frequency-dependent
scattering rate 7 (=7, ! +aw) fits the reflectivity equal-
ly well as the DL model. The fit parameters are also list-
ed in the parentheses in Table II. Throughout, we
reserve the term “mid-ir absorption” for the spectral
range near 0.5 eV (as distinct from the 0.2-eV range).

We fitted R(w) between 600 and 9000 cm ™! with a

Drude model. The fit was unsatisfactory and required
very large €, ( > 10), which may suggest that at least one
broad, Lorentzian-like term in the mid- or near-ir range
needs to be included in the model to fit R (w) between 600
and 9000 cm ™.

In order to investigate the spectrum further, especially
near 0.5 eV, we carried out a Kramers-Kronig analysis
(KK). Figure 4 shows the frequency-dependent conduc-
tivity o(w) for Bi,M,, +,Co,,0O,. First we focus on the
broad structure between 2000 and 6000 cm ™~ !. The more
conductive system (or a system with higher reflectivity at
low ) seems to show a more intense mid-ir absorption.
The overall values of o(w) are much smaller than those
of the high-T, cuprates. [o(w) for Bi,Ba;Co,0, (200
Q7! cm™! ) near 4000 cm™! is only 40% of that in
Bi,Sr,CuO¢ 5. '° Recent results on YBa,Cu;04,, with
different doping concentrations (x) show a similar depen-
dence of the mid-ir absorption intensity on the free car-
rier absorption.® Although the shape of the absorption
differs slightly from Lorentzian, we fitted R (w) between
600 and 6000 cm ™! to a DL model having two Lorentzi-
ans,

t-::sw—wf,/[(co-i-if_l)a)]—a)g,/(a)z—wf-f-ia)'r,_l)
—a)f,m/(wz—wfm+a)7,;1) . (3)

The DL fit parameters are given in Table III. As shown

TABLE III. Tentative fit parameters for a Drude Lorentz model [Egs. (2), (3), and (4)] to the reflectivity between 650—6000 cm ™.
Lorentz model fit parameters for the phonon (@,,, 77!, w,,) are not listed. The fit parameters in parentheses are those for the fit

where £, =7 is given.

-1

@p; T , O pm T o , T €,
(cm™1)
Bi,Ba;Co,0, 7100 4300 800 4500 5200 (4000) 3400 400 7
Bi,Sr;Co,0, 5900 4400 1300 2800 3600 (4000) 3300 600 7
Bi,Ca;Co,0, 4100 2200 1500 3800 4000 4900 1200 3100 6.5
(4100 2200 1500 1800 1400 3800 1200 3100 7)
Bi,Sr,CoOx 15 1600 300 2000 3900 2800 (4500) 6.9
Bi,S1,MnOg 55 3200 500 2000 9400 5100 5200 7
Bi,Sr;Fe,0q 5 1500 700 3200 29000 13 000 13000 4
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in Figs. 2 and 4 the DL fits deviate from the measured
R(w) and o(w) at higher frequencies, and R (w) slowly
increases with photon energy (w), as is most easily seen in
o(w) of Bi,Sr,CoOyg ,5s. These results suggest that an ad-
ditional Lorentz oscillator above 1 eV is necessary as long
as a DL model is applied. But it is difficult to fit both
R (w) and o(w) by a DL or a Lorentz model with a
Lorentzian near 1.5 eV but without a Lorentzian near 0.5
eV. In summary, a DL model would need a Drude term
and at least three Lorentzian oscillators (one below 0.3
eV, one around 0.4~0.6 eV, one above 1 eV) in order to
fit R(w) and o(w) adequately between 0.08 and 1.4 eV.

A relatively clear structure below 2000 cm ™! is ob-
served in R(w) and o(w) of Bi,Sr,CoO4,5. In
Bi,Ca;Co,0,, this structure obscures the small Drude-
like component in R (@) and o(w). This absorption may
account for the deviation from the Drude model men-
tioned above. Further discussion of this feature will be
given when we describe the results on Bi,Sr,MnOy ,5 and
Bi,Sr;Fe,0y , in the next section.

B. Bi,Sr,MnOg ,5 and Bi,Sr3Fe,0 ,

In order to study the effect of substitution of Cu by
other 3d medals we performed similar measurements on
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FIG. 4. Conductivity o(w) of Bi,Ba;Co,0,, Bi,Sr;Co,0,,
Bi,Ca;Co,0,, and Bi,Sr,CoOg ,5 derived by a KK analysis (dots)
and Drude-Lorentz model fits [Eq. (3)] (solid lines).
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Bi,Sr,MnOg ,5s and Bi,Sr;Fe,04,. Unfortunately, be-
cause we could not obtain single-phased BizsrzFeOy,]2
we investigated Bi,Sr;Fe,O, instead. Figure 5 shows
the reflectivity R (w) of these oxides. Indicative of the
strongly insulating nature of the compounds, a prominent
unscreened phonon peak is observed near 620 cm ™l
This phonon is assigned to the Mn-O or Fe-O stretch
mode in analogy with the Cu-O system.?>?* The intensi-
ty of the phonon line is unexpectedly high. This may be
due to the large ambiguity (on the order of 10%) in the
absolute reflectivity below 1000 cm ™! [the beam splitter
used (KCl) has a cut-off frequency at 550 cm~!]. There-
fore, we do not discuss the phonon structure in detail.

Figure 6 shows the KK results. In both R (w) and
o(w), a hump around 2000 cm ! is evident. In the litera-
ture on the optical reflectivity of the Mn chalcogenides
[MnS (Ref. 25) and MnSe (Ref. 26)], no clear structure
near 0.3 eV is reported. We have measured only two
samples from the same batch, but, nonetheless, analytical
work on our crystals rules out an extrinsic impurity
effect. A similar broad structure is also observed in
Bi,Sr,Co0g¢ 55, which was measured several times by
cleaving the sample surface repeatedly. The evidence in-
dicates that this feature is real. A corresponding struc-
ture is not discernible in the insulating phases of the
high-T, cuprates [(1:2:3),® La,_, Sr,CuO,,° Bi,Sr, (Ca,
Nd) Cu,0O4, 5 (Ref. 27)]. The hump structure which we
observe in the series Bi,M,, R, O, (R=Co, Fe, Mn,
m =1,2), apparently becomes more well defined as the
atomic number of R decreases. In Bi,Ca;Co,0,, the
magnitude of the hump may be enhanced by a free carrier
contribution.

Finally we discuss the absorption centered around 0.5
eV and the overall structure. The R (w)— o profile mea-
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FIG. 5. Measured reflectivity of Bi,Sr;Fe,Qq , (open circles)
with a Lorentz model fit [Eq. (4)] (dashed line), and the mea-
sured reflectivity of Bi,Sr,MnOy ,5 (dots) with a Lorentz model
fit (solid line).
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with a Lorentz model fit [Eq. (4)] (dashed line), and the conduc-
tivity o(w) of Bi,Sr;MnQOg ,s (dots) and a Lorentz model fit
(solid line).

sured here is very similar to that of the Mott insulators
NiO (Ref. 28) and Co00,? and to that of Mn chal-
cogenides?>?® (with the exception of the hump discussed
above). However, unlike these simple insulators, a mid-ir
absorption is clearly observed in our samples. The
intensity of the absorption in the mid-ir range in
Bi,Sr,MnOg ,s and Bi,Sr;Fe,Oq, is higher than that in
Bi,Sr;Co,0, and Bi,Ba;Co,0, which are metallic at
room temperature and have significant free carrier ab-
sorption. When Bi,M,, ,Co,,0O,, YBa,Cu;0q, ,,® or
Bi,Sr,(Ca;_Nd, )Cu,05, 5 (Ref. 27) is chemically doped
(by changing M or x), a positive correlation between the
intensity of free carrier absorption and that of the mid-ir
absorption is found. We can also induce a conductor to
insulator transition in Bi,Sr, ;;Cu,, O, by substituting
R(=Co, Fe, Mn) for Cu instead of changing Sr or the O
content (y). However, the above correlation disappears
when the system is made insulating by replacing Cu with
R.

The refelctivity between 600 and 6000 cm™! is fitted
with a Lorentz model,

e=¢,—0y/(0*— ol tior )~ o}, /(0*— 0}, tioT,")

—a);,, /(@ —o?, +ioT, 1), 4)

where the first, second, and third oscillators represent the
hump, a mid-ir absorption, and phonon, respectively.
The o(w) calculated from a Lorentz model along with
the parameters obtained is also shown in Fig. 6. The fit
parameters (@, ©,,7] 'y @pp Oy, T,,') are listed in
Table III.

Both R (w) and o(w) of Bi,Sr;Fe,0, , tend to increase
wtih the photon energy . This suggests that an addi-
tional oscillator is needed above 1 eV. Actually, as
shown in Table III, the Lorentz oscillator at the highest
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FIG. 7. Summary of the model fits, showing the contribution
of each term in a Drude-Lorentz model to the ac conductivity
o(w). The dashed lines in the sketches for Bi,Sr;Fe,Og, and
Bi,Sr,CuQy ;5 shows speculated absorption bands.

frequency is not located in the mid-ir range. With its
center frequency moved up to 1.5 eV, the oscillator im-
proves the fit to R(w) and o(w), but the overall fit
remains unsatisfactory. Similarly, in Bi,Sr,MnOg ,s, the
DL fits (without an extra oscillator above 1 eV) are al-
ways smaller than R (w) and o(w) at high frequencies.
This suggests that an extra oscillator above 1 eV is also
needed in this compound.

In summary, we could identify two absorption bands
near 0.3 and 0.5 eV, probably because the apparent plas-
ma edge is located at frequencies much lower than those
in high-T, cuprates. The reflectivity of Bi,M,, ,,R,,O,
[M=Ca, Sr, Ba, R =3d-metal (Co, Fe, Mn), x=1,2] in
the mid- and near-ir range is described by three broad ab-
sorption bands (one near 0.2~0.3 eV, one near 0.5 eV,
and one above 1.0 eV) and a free carrier response (in case
of the metallic samples). We speculate that this may be
true as well in the Bi-Cu system, possibly with a much
smaller absorption near 0.3 eV. We summarize these
conclusions in Fig. 7.

IV. DISCUSSION

The mid-ir absorption has been discussed in connection
with the mechanism of high-T, superconductivity*® and
with the transfer of spectral weight from the charge-
transfer gap.?"313 There is also evidence for a rough
positive correlation between the maximum 7, of a given
system and the location of the apparent plasma edge, in-
cluding the present results (nonsuperconductor). Howev-
er, we are skeptical about a direct connection between the
mid-ir absorption and the high-7, mechanism, because
(1) a positive correlation between the mid-ir absorption
and the free carrier absorption is also observed in the
nonsuperconducting system (Bi,M,, ,,Co,,0,) and (2)
the mid-ir absorption is also found in the insulator
Bi,Sr,MnOg ,5, with a magnitude similar to the high-T,
Bi-Cu oxides. 1>’

The o(w)-o profile of Bi,Sr;Fe,0,4 , seems qualitatively



3032

different from the other insulators studied here; o(w)
of Bi,Sr;Fe,0y, increases steadily with . While
Bi,Sr,MnOg ,5 and Bi,Sr,CoOy ,5 exhibit oxygen disorder
or oxygen vacancy in the Bi-O plane, Bi,Sr;Fe,0q , does
not.!? This may account for the above difference in o(w).
This idea is supported by the previous observations of a
mid-ir absorption band in SrTiO; and BaTiO;. In Ref. 33
this band was attributed to deep impurity states associat-
ed with oxygen vacancies.

As we discussed above, the free carrierlike absorption
and the mid-ir absorption have been well correlated in
the several quasi-two-dimensional cuprates and cobalt ox-
ides related with high-T, superconductors. An absorp-
tion band similar to the mid-ir absorption is also observed
in the 3d-metal chalcogenides which show a metal-
insulator transition.>*73¢ In NiO, which does not under-
go a metal-insulator transition, the intensity of a broad
mid-ir absorption between 0.2 and 1 eV is enhanced by
doping and thus positively correlated with carrier densi-
ty, though the intensity of the absorption was very
weak.?® These observations suggest that the mid-ir ab-
sorption may be related with a general property of the
metal-insulator transition.

In this paper we have referred to the absorption near
0.5 eV as the mid-ir absorption. However, it is also possi-
ble to regard the absorption band below 0.3 eV in
Bi;M;Co0,0, as the mid-ir absorption band directly
analogous to that observed in the high-T, cuprates, and
to treat the 0.5-eV band in the former as a new absorp-
tion feature. We are less comfortable with this viewpoint,
since it regards the cuprates as a special class of materials
distinct from other oxides R-O systems (R =Co, Fe, Mn).

V. CONCLUSION

A broad absorption in the mid-ir range was observed in
all crystals of the quasi-two-dimensional oxides studied,
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including Bi,Sr,MnOq ,s, a good insulator.

The apparent plasma edge of Bi,M;Co0,0, is located at
~0.3 eV, which is about one-third of that of
Bi,Sr,(Ca,Nd)Cu,0,.”’” In comparison with the
reflectivity in the cuprates, the much lower plasma edge
in the former compounds allows the identification of two
absorption bands below 1 eV. In order to fit the observed
reflectivity with a Drude-Lorentz model, three oscillators
are required (one below 0.3 eV, one at 0.5-0.7 eV, and
one above 1 eV). (The case of Bi,Sr;Fe,0, , is an excep-
tion.) In the case of Bi,M;Co,0,(M=Ba, Sr), the low-
frequency reflectivity may also be described by a Drude
model with a frequency-dependent scattering rate, in
place of the oscillator below 0.3 eV.

The nonsuperconductors Bi,M,, Co,, O, show strik-
ing similarities to the Cu-O high-T, oxides, such as a
correlation of a Drude-like reflectivity with the intensity
of the mid-ir absorption, the insensitivity of the apparent
plasma edge to the doping level, and a frequency-
reflectivity profile more linear than that calculated from a
Drude model.

These results suggest that the existence of a mid-ir ab-
sorption band is not a sufficient condition for the oc-
currence of the high-T, superconductivity. It appears to
be present in several classes of 3d-metal oxides, especially
those that undergo a metal-insulator transition. In addi-
tion, a new hump structure was observed in the insulating
samples of Bi,M,, R,,O,(R=Co, Fe, Mn).
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