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We analyze the doping dependence of the optical conductivity of the BaBiO ; (BKBO) system in the
full doping range fronx=0 to x=0.46. We have used the results of our reflectivity and ellipsometric mea-
surements ax=0.31,0.38,0.4,0.46, as well as the results obtained by other experimental groups at different
doping levels, to analyze the doping dependence of the spectral weight distribution. At the insulator-metal
transition boundary we observe the appearance of a Drude-like free-carrier peak in the optical conductivity. In
the metallic phase, we have performed measurements in the normal as well as the superconducting state. The
data show that BKBO becomes a better metal with increasiimgthe metallic regime due to a decrease in the
scattering rate of the metallic charge carriers, while the density of the m@pilele charge carriers does not
significantly change with doping. The London penetration deyths also found to be almost dopir@nd
T.) independent while the superconducting gap scales Withs 2A¢/k,T,=4.2+0.3.
[S0163-18206)07434-9

In the last two years several experimental reports regard- The undoped material BaBiphas one electron per unit
ing the insulator-metallM) transition and the evolution of cell and therefore should be a metal with a half-filled con-
optical properties as a function of doping level in duction band. However, it is in fact an insulator. Experimen-
Ba,_,K ,BiO 3 (BKBO) have been publishelf In this paper tally observed frozen breathing-type lattice distortfohied
we use the large amount of experimental material accumuo a suggestion that BaBiQOis made insulating by a charge-
lated to date to discuss the properties of the BKBO system inlensity-wave(CDW) instability that opens a gap on the
the nonmetallic phase using sum-rule analysis. In the metaFermi level, splitting the conduction band into two subbands:
lic phase, optical studies of the doping dependence have pre- filled lower CDW subband and an empty upper CDW
viously been done, to our knowledge, only at room temperasubband. However, this model leaves some questions unan-
ture and at relatively high photon energies. We fill this gapswered. In particular, there is no clear understanding of the
by performing reflectivity and ellipsometric measurements innature of the midinfraredMIR) absorption peak at nonzero
a combined range of 30—50 000 crhon three supercon- doping levels. Also, results of band structure calculations
ducting BKBO single crystalsT.=21, 28, and 31 K indicate that the observed lattice distortions are not sufficient

The BKBO single crystals used in this study were grownto produce a gap in the electronic density of statasother
by an electrochemical methddlhe lattice parameters were model, advanced to explain the insulating nature of BKBO at
measured by x-ray diffraction using a RigaQumax diffrac-  low doping levels, involves real-space pairing of electrons in
tometer(Cu Ka, A=1.5405 A). After the optical measure- pairs strongly localized on the Bi sites: small bipolarBns.
ments, the crystals were ground into powder and x-ray dif-There is a number of experimental results that favor the bi-
fraction measurements were carried out on the powderegolaronic model, including those of Raman scattefiimgra-
sample intermixed with high-purity Ge powder which actedred reflectivity!® and high-resolution electron energy loss
as an internal x-ray standard. The lattice parameters wergpectroscopy® Several recent reports on the doping depen-
refined by a least-squares fit routine with calibration againstience of optical properties of the BKBO system? allow
Ge. The potassium concentratignwas estimated from the us to examine this problem once again on a more quantita-
linear relationship between the pseudocubic lattice parametéive level.

a and potassium concentratiorf* We will first concentrate on the properties of the BKBO

The optical experiments were performed at temperaturesystem in the nonmetallic phase and at the IM transition
ranging from T./3 to room temperature. We have usedboundary. The optical conductivity of insulating BKBO
Kramers-Kronig(KK) analysis of reflectivity, supplemented shows a well-resolved MIR peak with a maximum at
by results of ellipsometric measurements, to obtain the comi sy, €qual to 2 eV in the undoped BaBiG*' As the
plex optical conductivityr(w) in the normal and the super- doping level x increases, the position of the maximum
conducting states. of the MIR absorption shifts gradually to lower energies.
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However, this contribution to the optical conductivity can be Energy (eV)
observed at all doping levels. The IM transition occurs at 2000 !
X.=0.33-0.35 and is illustrated in Fig. 1, where optical
conductivity is shown for the nonmetallic sample with
x=0.31 and for the metallic sample with=0.38. The dif-
ference between the two curves is qualitative: While in the
metallic sampléi w,,, has collapsed to zero so that no clear <
maximum can be seen in the MIR absorption band, an addi-
tional free-carrier-like narrow (<300 cm 1) absorption
band has appeared at low frequeftiThis latter absorption
component, called hereafter the “Drude” absorption band, is
responsible for the metallic properties of this material at dop-
ing levelsx>x..

The MIR absorption band in BKBO is well separated
from the rest of the interband absorption, allowing us to em-
ploy a finite-energyf sum-rule analysis to obtain the plasma
frequency associated with the MIR absorptien,yz - The
key requirement that must be satisfied in order for the finite- 0 5000 10000 15000 20000
energyf sum rule to hold is that the absorption in question Wave number (e’ )
be sufficiently isolated. In this case the plasma frequency
associated with the isolated absorption is calculated as an FIG. 1. The optical conductivity of Ba ,K,BiO; just below
integral of the real part of the optical conductivity over en-and just above the insulator-metal transition. The characteristic en-
ergies from zero to a cutoff energywo,l“ which must be ergiesfiwn andfiwg, used in the text, are shown. The inset: the
chosen to exhaust the oscillator strength of the absorption ifines represent the real part of the optical conductivity obtained
question but lie below the rest of the absorption bands. Ifrom the KK analysis of reflectivity spectra. The symbols show
hwg is extended to infinity, one obtains the conductivity —results of ellipsometric measurements.
sum rule where the plasma frequenay is given by the total

Re Conductivity (Qcm)

density of electrons in the materiéincluding inner-shell We have usedr;(w) obtained by different groups on
electron, wp=4mne’/m,, wheren is the density of elec- Ba, ,K,BiO; at different doping levels to obtain the dop-
trons andm, is a bare electron mass. ing dependence of the oscillator strength of the MIR absorp-

In analogy with thef sum rule we can define an effective tion peak, performing integration ofr,(w) as described
density of electrons contributing to the optical transition rep-above. The typical choice of the cutoff frequency is shown in
resented by the MIR bandy, by wf,M,R=47rneﬁe2/mb. Fig. 1 while the results of our integration are presented in
On the other hand, the density of electrons,can also be Fig. 2(b). We note that the Drude mobile electronsxatx,
determined from the chemical composition using the concenhave a relatively small oscillator strengtabout 6% of the
tration of Bi ions,x: n(x)=(1—x)/v., whereuv. is the vol-  MIR) so that the results presented in Figb)2effectively
ume per Bi ion. Then(x), calculated this way, is plotted as represent the oscillator strength of the MIR electrons even
the straight line in Fig. @). To calculate the straight line, for the metallic samples. For the metallic samples we have
average lattice parameters of the BKBO system were used tased the loss-function meth§dwith the high-frequency di-
obtain v.. Taking into account the actual changes in theelectric constant taken from our ellipsometric resu#ts an
lattice parameters with doping does not change the resudilternative to the sum-rule method. The results obtained from
significantly: We have used experimentally obtathidtice  the loss function analysis are plotted as open circles.
parameters to calculate(x) at severalx and the results, In this kind of calculation a high degree of accuracy in
shown by the small dots, are very close to the straight line. Imeasuring the absolute value of optical conductivity is obvi-
an analogy with the case of metals with strong electronously very important. Therefore for the heavily doped insu-
phonon interaction® we define the optical effective mass lating as well as the metallic samples, where both low- and
m* =n/ng;, or mass enhancement facto=m*—1, as a  high-frequency parts of the optical conductivity spectrum
quantity that measures the amount of the conductivity specsontain significant spectral weight, a combination of ellipso-
tral weight moved to energidsw> % w, through the optical metric (above 1 eV and reflectivity (from 25 cm™!
transitions other than those represented by the MIR absorp=3.1 meVj results have been used. The nearly perfect agree-
tion band. If2 w is large enough so thail possible optical ment between the ellipsometric results, which give dielectric
transition processes are taken into account, the optical effeconstants above 1 eV directly, and(w) obtained from KK
tive mass is equal to the bare electron ma®s=1 and the analysis of reflectivity data, is shown in the inset of Fig. 1.
oscillator strength is determined only by the density of elec-Spectral weight values obtained from results of different ex-
trons,n. Filled core electron bands may give their own cor- perimental groups at different doping levels are consistent
rection to the effective mass value due to the Pauli principlewith each other, giving a smooth doping dependence. A mea-
This correction is, however, estimated to increase the valencgure of the inconsistency is given by the mismatch of the two
and conduction electron oscillator strength by only aboutscillator strength values &t 0 obtained from the results of
10-20 %(Ref. 14 and will therefore be neglected in further two different groups that used different optical methods on
discussions. thin films and single crystals. The inconsistency is about
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. | I ‘ ‘ — 800 value of N(X)/[N(X)+1] gives a fraction of the spectral
i = Ba, K BiO weight contained at high frequencies so théd)=2 means
B -] ° (1')2\,‘)(,;@(:’,”13,' 1 o that in BaBiO; about 2/3 of the total spectral weight due to
= G [0 SHBantonetal | n(x) chemically doped electrons is contained in the high-
R . O MAtatweta. | 3 energy region abové w,. The region of fastest change in
€ e N(x) with doping isbelow x=0.2. Atx>0.2 \(x) is almost

- —0 doping independent and is approximately equal to 0.5; that
is, the spectral weight contained in the higher-energy region
is only half of that contained in the MIR absorption band.
Estimating our error range somewhat pessimistically, we
cannot say with certainty whether or nat is zero at
x=0.46.

Let us see if the CDW model, where a single gap opens in
the spectrum of electronic excitations, can provide an expla-
nation for the observed doping behavior of the spectral

(b) weight. The opening of &ingle gap in the middle of an

{ initially half-filled conduction band redistributes electronic
density in the energy region covered by the conduction band,
creating a filled lower subband and an empty upper subband.
4 As a result asinglepeak appears in the absorption spectrum
positioned at the gap energy corresponding to electronic ex-
¢ DO 7 citations from the lower subband to the empty upper sub-
O¢o. . e i band. Assuming that no other optical transitions became pos-

i ® © sible with the opening of the gap—that is, for example,
045 ! a3 J o ' o electronic states in both subbands are still well defined so
X that no incoherent processes such as those involving emis-

sion or absorption of a phonon occur—the optical effective

FIG. 2. (a) Large symbols: the doping dependence of the peaknass of the resulting interband absorption peak must still be
energy of the MIR absorption band. Crosses: the doping deperequal to unity. In other words the opening of a single gap
dence of temperature of structural transition into the high-piles up the spectral weight at energies above the gap value,
temperature cubic phasg,,,c, plotted as described in the tex) preserving its total integrated value. Therefore, we conclude
Large symbols: the doping dependence of the spectral weight of ththat the distribution of the spectral weight discussed above
MIR absorption band obtained as described in the text. The straigltannot be explained by a single gap in a density of states
line shows the doping dependence of the spectral weight as exnly. Optical excitation processes other than direct excita-
pected from the chemical composition. The small dots near thQionS across the gap are required_
straight line were obtained using the actual lattice parameters. One such possibility to account for the “missing” spec-
The doping dependence of the factofx), obtained using results | weight is to assume that it is contained in the absorption
shown in panelb). bands corresponding to high-order interband excitatithvet

is, transitions from a lower CDW subband to bands higher
25% and can possibly be due to an error in choosing a highthan the upper CDW subband in the CDW model, for ex-
frequency reflectivity approximation in Ref. 2, where amplg. However, high-order interband transitions usually
o1(w) was obtained by KK analysis of reflectivity. Ellipso- have matrix elements smaller than that for the first interband
metric measurements give dielectric constants directly in théransition and therefore do not contain a significant part of
energy range of the MIR absorptionxat 0 and therefore we the spectral weight. Even if for some reason matrix elements
consider the value obtained by Karloet al! to be more  of such transitions are unusually large in BKBO so that they
reliable. Still, 25% can be considered to be our experimentahccount for a considerable amount of the spectral weight
error in evaluating the oscillator strength. (twice that for the lower-to-upper subband transitipnsis

Results for the doping dependence of the oscillatolunclear why théastestchange in the amount of this spectral
strengthn(x)/m* (x) obtained using sum-rule analy$large  weight occurs in the doping region fror=0 to x=0.2, the
symbols in Fig. 20)] are remarkably different from those region ofslowestchange in the position of the MIR absorp-
expected from the chemical composititraight line in Fig.  tion peak? w,,,, associated with the electronic gap energy
2(b)], leading to high values om* at low doping levels, and, therefore, with the band structure itself. Also, the first
with the highest value being that for the undoped BaBiO interband absorption peak above 2 eV can be observed at all
m* (0)=3. These high values ah* mean that there is a doping concentrations? including those wher&.=0 and
high-energy & w>% wg) absorption, not included in our in- therefore all of the chemically doped electrons are accounted
tegration, that contains a significant part of the spectrafor by the MIR absorption. We consider this behavior an
weight. Put differently, not all possible optical transitions indicator that it is unlikely that the missing spectral weight is
involving n(x) chemically doped electrons have been in-associated with high-order interband transitions.
cluded in our integration. The doping dependence of the Another way to account for the spectral weight distribu-
mass enhancement factafx)=m*(x)—1, obtained from tion is through incoherent processes. As we have noted be-
the ratio ofn(x) to n(x)/m* (x), is plotted in Fig. 2c). The  fore, a number of publications appear to support the real-

nim* (10%'em™)
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space electron-pairingsmall bipolaron or local CDW

model for BKBO. This model is different from the conven- ¢ .?. ¢ .Q‘ ¢ e B
tional CDW model in that bipolaron motion is incoherent s A Be ® B
due to severe localization of the electron pairs. We will ex- Qe o ‘?' o *O ? O
amine the small bipolaron model next. R o
A small bipolaron(SBP consists of two charge carriers ® s0O: @ O @
strongly localized on a single site by their own short-range [ ¢
in_teraction with the lattice, taken tog_ether With the lattice | 66 ®o - 63 ® - 6 1
displacement pattern caused by the interaction. Although a G T
small bipolaron can be formed with a pair of holes as well as
a pair of electrons, in the following by a small bipolaron we ﬂ
will mean a pair of electrons. As a result of the electron-
lattice interaction a potential well of depth4E,, is formed, 1 1 %'Alz
whereE, is the small-polaron binding energ§The ground- 4E+2 || R I o |l .
state energy of a SBP is, however, increased by the on-site IU
Coulomb interaction energy, a result of two electrons be-  “ O R Rl R
ing on the same site. A small polaron is similar to a small
bipolaron but contains only one electrbhA single SBP is FIG. 3. The antiferromagnetic-typéoi)polaronic lattice. The
stable with respect to decay into two small polarons if the(bi)polaronic sublattice is the sublattiég the empty sublattice is
Coulomb energyJ satisfies the conditiok) <2E, A7 the sublatticeB. The lower part of the diagram shows schematically

We note that the bipolaronic model implies a doubling ofthe energy configuration for one Bi—Bi*" row with parameters
the unit cell by a lattice modulation similar to what is ob- discussed in the text. Polaronic lattice, at doping0.5, will look
served experimentally in the undoped Balgi@s In analogy similar but each site in the sublattigewill contain only one elec-
with small polarong?® there is a strong repulsive interaction tron.
between two neighboring SBP’s in BKBO as they disturbconductivity. The spectral weight under both peaks must cor-
each other’s pattern of oxygen ion displacements, thus raisespond to the total number of chemically doped carriers
ing the total energy. The interaction becomes weaker as thgouble the number of bipolaronm a system. Therefore, the
average distance between SBP’s is increased. BgBi&  bipolaronic model can in principle provide an explanation
one electron per formula unit and therefore the number ofor the fact that the spectral weight under the low-energy
SBP’s is half the number of Bi ions. As a result, individual peak in nonmetallic BKBO is too small—the rest of the
SBP’s are situated close to each other and the energy sbectral weight may be contained in the absorption peak cor-
interaction between SBP’s is an important part of the totaresponding to the two-particle excitation process.
energy. Using a magnetic analog of this system it can be One difficulty arises here. It has been shéWthat the
showr? that, taking the interaction into account, the lowestexponential terms in the expressions describing intensities
energy is given by an antiferromagnetic-type configurationland spectral weightof the absorption peaks corresponding
such as the one shown in Fig. 3. There are two interleavingp the two- and single-particle excitations are comparable.
fcc sublattices in this configuration: bipolaroni@i3* However, the SBP absorption intensity involves a preexpo-
=Bi°"+2e") sublatticeA and empty(Bi®") sublatticeB. nential factor, proportional to% for the two-particle excita-
The Bi®" sites are strongly screened by overlap from thetions and tat? for the single-particle excitations, whetgis
oxygens so that no site is strongly charded. a two-electron transfer enerdgf order of an exchange en-

A bipolaron can be excited in two ways. In the first sce-ergy) andt, is a one-electron transfer energy. The value of
nario the pair of electrons associated with a bipolaron is ext, is usually smaller tham, and, therefore, at least for a dc
cited to a neighboring Bi* site as a wholgtwo-particle  motion of a single bipolaron by temperature-assisted hops in
excitation). This gives a peak in the corresponding absorp-a periodic crystal potential, the single-particle excitation
tion spectrum afi w,=8E,+2A,% where byA we denote  mechanism is thought to be more favordBleo that the
the difference in energy between the two sublattices due tibwer-energy(single-particlg absorption peak is supposed to
bipolaron-bipolaron interaction. The second scenario inbe more intense. The experimental situation, at least for un-
volves pair breaking with excitation of a single electrondoped BaBiQ, is just the reverse: The low-frequency ab-
(single-particle excitation This gives an absorption peak at sorption peak contains just about 1/3 of the total spectral
fiw;=4E,—U+A.%° The condition for formation of a single weight. However, the transfer energies for the thermal bipo-
small bipolaronlU <2E,,, is relaxed to a condition of stabil- laronic dc motion and the bipolaronic optical absorption may
ity of a bipolaron with respect to decay into one small po-pe different as they strongly depend on the atomic
laron on sublatticéd and one on sublatticB, U<2E,+A.  displacement’ In the case of dc motion one is interested in
In fact, if 2E,<U<2E,+A, a lattice of small bipolarons the transfer energy of thermally equilibrated carriers. In the
may form, although formation ahdividual small bipolarons  case of optical absorption one is concerned with the transfer
is not energetically favorable. The peak frequency of theenergy of a carrier at the coincidence event between energies
absorption band corresponding to the one-particle excitaef initial and final electronic states. Also, imperfections in
tions, w4, is always smaller than that corresponding to thethe bipolaronic lattice, such as singly occupied sites, can give
two-particle excitationsh w,. The two processes can in gen- their own contribution to the optical conductivity through
eral coexist, giving two peaks in the corresponding opticaluch processes as, for example, a hop of an electron from a
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doubly occupied site to the singly occupied site. The energyrhe temperature scale has been chosen to normiBlizg to
required by such processes may be smaller or larger than thgw .., values. Also, we have put the zero Bf,. near the
energy of the main single-particle excitation processlowest 7w,y Value corresponding to the lowest excitation
fiw;=4E,—U+A, depending on the relation betwe&)  energy ofpaired electrons, ak just below the IM transition
and A. Detailed perturbation theory calculatiofiscluding  boundaryx.. This minimal value offw, is equal to the
terms up td‘l‘) for a lattice of bipolarons would be helpful in excitation energy of a small polaron. Therefore, we effec-
understanding the optical transition probabilities and, theretively compareT i with the reduction of electronic energy
fore, the exact conductivity spectral weight distribution ex-due to formation ofpairs. The result is that the two quanti-
pected for this system. ties have surprisingly similar doping dependences suggesting
Doping with potassium destroys bipolarons. Whens  an intimate relationship between the lattice vibrations and
small, substituting K for Ba®" has the effect of taking one the dielectric properties of BKBO. However, the large dif-
electron from a pair on an adjacent®i site. The electron ference in absolute valuggbout 20 timep still needs an
that is left is, however, still localized on the Bi site in a explanation. Also, high-temperature dc transport measure-
potential well created by the surrounding bipolaronic lattice.ments would be useful to determine the properties of the
At the same time, destroying a pair decreases the local emigh-temperature phase of undoped BaRBi@ particular to
ergy differenceA betweenB and A sublattices, making the determine if it is actually metallic.
surrounding electron pairs less stable and decreasing the bi- Although it has been shown a number of tiffes that
polaronic hopping energy. Therefore, the frequency of théhe superconducting properties of metallic BKBO are closely
one-particle excitation peak in the optical conductivity will related to those of the BCS model, results of a number of
be reduced. Also, the spectral weight will shift to lower fre- experiments indicate that the usual Rlich electron-phonon
quencies as there are fewer possibilities to excite a pair asiateraction is not strong enough to obtdig=31 K22-2®|t
whole—there are fewer pairs. When doping is large enoughvas concluded that, although the mechanism of supercon-
so that the bipolaron coordination numlzeis smaller than a  ductivity in BKBO is probably BCS, an electron-electron
certain critical valuez, andU>2E,+ A, a first-order phase interaction is not mediated by phonons in the usual tay.
transition with discontinuous reduction of electron pairs will We note in this respect that electrons, occupying the ex-
occur. However, the remaining electrons still strongly inter-tended states in the system described above, may be prone to
act with the lattice so that in the hypothetical case where tha relatively strong electron-electron interaction due to the
transition occurs ax.=0.5 (and there are no remaining bi- polarizability of the localized states. It has been shown that
polaronic islandsthey would arrange themselves inpa-  high values ofT . can be achieved in a BCS model with such
laronic lattice similar to that shown in Fig. 3 fdsipolarons  an interactiorf
However, if the transition occurs a&,<<0.5, there are too The optical conductivity for the metallic samples just
many electrons left to form the antiferromagnetic-type latticeaboveT. and atT=T./3 is plotted in Fig. 4 at three different
of Fig. 3. The extra (0.5x,) electrons have no place in the doping levels. The MIR absorption component is an almost
(now polaroni¢ sublatticeA since the Coulomb repulsion flat background in this frequency range and has about the
U is too large to form a bipolaron. On the other hand, if theysame value for all doping levels presented. The metallic
try to form polarons on the sublattid®, they disturb the BKBO is frequently thought to be an “overdoped” systém;
atomic displacement patterns of neighboring polarons on suhat is, both a decrease df; and an improvement of the
blattice A, reducing their stability and possibly releasing metallic properties are thought to be connected to an increase
some of the localized carriers. Thereforex & 0.5, the elec-  of the total density of metallic carriers. However, we did not
tronic system may consist of dynamically occupied extende@bserve a significant increase in the density of normal-state
and localized states. This may explain the two optical abmetallic(Drude electrons with increasing from x=0.38 to
sorption components: The MIR band represents electrons ix=0.46, while low-temperature dc conductivity increased
the localized(experimental mean free path of about § A more than twice and fell by 30%. The increase in the dc
states and the Drude absorption is due to charge carriers #pnductivity value with doping is mainly due to the decrease
the extended statémean free path of several hundred ’s in the scattering ratel/r. The normal-state %/values of the
Experimentally, the spectral weight of the Drude electrons iDrude absorption at differemtwere determined from a fit to
about 6% of that of the MIR electrons at all metallic dopinga two-component model similar to that used by us béfore
levels. However, it is difficult to assess if it is consistent withand is shown on the horizontal axis for the three doping
the model described above without detailed self-consisterievels. The simultaneous reduction Bf and the scattering
calculations, in part because some fraction of the electronsate with increasing in the metallic regime suggests that
may still be contained in the remaining bipolaronic islands.1l/7 may include scattering of free carriers on bosonic exci-
We note that our results do not exclude the possibility thatations that mediate the superconducting pairing at low tem-
the itinerant charge carriers al@rge bipolarons, which are peratures.
bosons and may condense into a superfluidlike state at low The low-frequency depression ofi(w) at T<T, is due
temperatures. to the formation of the superfluid. We can roughly estimate
It is interesting to compare the electronic gap in thethe position of the superconducting gafg2as shown in Fig.
BKBO system with the transition temperature from the “de-4 by arrows in all three panels. The gap energy decreases
formed” lattice configuration shown in Fig. 3 into the simple with decreasingl,., keeping the ratio 8,/kgT.=4.2+0.3
cubic lattice phaseT .. We have plottedr i, adopted constant. The spectral weight that disappears in the super-
from Ref. 7, by the crosses in Fig(& as a function of conducting state is contained indapeak at zero frequency
doping together with the peak energy of the MIR absorptionand represents carriers that have condensed into the super-
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weight “missing” in the superconducting state for all three
doping levels. The sides of the squares are inversely propor-

4000 tional toA| and one can see that they are equal for all three
samples. The areas themselves are proportional to the density
2000 0 20 T(K) | of the superconducting carriers. Although the physical rea-
sons for the insensitivity ok to the doping level are not
a) x=0.38, T_=31K | clear, one can see that there are two factors contributing to it:

a decreasing superconducting gap value and a decreasing

scattering rate. While a decrease in the scattering rate tends

to pile up more conductivity below the superconducting gap

energy in the normal state, which increases the number of

0 20 T(K) | carriers that condense into a superfluidiat T, a decrease

of the superconducting gap value tends to compensate for
b) x=0.40, T _=28K]| this.

— 4 In conclusion we have shown that the anomalous doping
dependence of the distribution of the optical conductivity

spectral weight in the BKBO system cannot be explained

within the framework of a coherent-transport model with

Re Conductivity (Qcm)”

0 20 TK) _ well-defined energy bands. This naturally leads to a local
g CDW, or bipolaronic, model. We have shown that this model
9 X=9»46,‘Tc=‘21K can, at least qualitatively, explain some of the physical prop-
1000 1500 erties of the BKBO system, including the IM transition.
Wave number (cm™) However, we strongly emphasize that only more rigorous

calculations than those presented in this work can provide
FIG. 4. The optical conductivity of the three metallic samplesthe final answer. Experimentally, the IM transitionxat X,

BKBO in the superconducting and the normal states. The results d6 associated with the appearance of the narrow free-carrier-
magnetization measurements are shown on the insets. The scattéke Drude absorption peak in the optical conductivity spec-
ing rate values ¥/ in the normal state are shown on the frequencytra. As the doping level increases in the metallic phase the
axis for all three samples. The shaded squares represent the spectadith of the Drude peak decreases, increasing the dc conduc-
weight of the superconducting carriers. The London penetrationivity value. At the same time the density of free carriers
depth, is inversely proportional to the side of the square. Therepresented by the Drude absorption, as well as the London
position of the superconducting gap energys2s shown by the  penetration depth value, atT=T./3, do not change signifi-
arrows. cantly with doping. The superconducting gap valuescales

with T, in a rough proportion 24/kgT.=4.2+0.3.
fluid. Therefore the “missing” spectral weight is the spectral ¢ gh prop sthB e

weight of the superconducting carriers and we can use it to We would like to thank David Emin for many helpful
estimate the London penetration depth valye We have discussions. This research was supported in part by the Na-
performed the necessary calculations and the result is théibnal Science and Engineering Research Council of Canada
within our error rangé\, has the same value 375000 Aat  and by the Canadian Institute for Advanced Research. Re-
all doping levels, despite differefit.’s.?® To make it more search at the University of lllinois at Urbana-Champaign was
graphic we have drawn squares of areas equal to the spectsgonsored by Contract No. NSF DMR 91-20000.
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