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Complex optical dielectric function in the tetragonal rare-earth cuprates R,CuO, (R=La, Pr, Nd, and Sm)
and in the tetragonal bismuth cuprate Bi,CuQ, is studied in the spectral range of 0.6-5.4 eV using a method
of optical ellipsometry. The dielectric spectra are studied for the two main polarizations and analyzed in terms
of a cluster model for CuOS_ complexes taking into account intracenter p-d and intercenter d-d charge-transfer
(CT) transitions. The band gap in the rare-earth cuprates is defined by an electric-dipole-allowed CT transitions
centered at 1.54—1.59 eV in Pr, Nd, and Sm cuprates, and 2.1 eV in La cuprate. Optical response of Bi,CuO,
strongly differs from the rare-earth cuprates which we relate with strong covalency of Bi-O bonding and strong
ionicity of Cu(3d)-O(2p) bonding. These features are manifested in suppression of low-energy intense intra-
center p-d and intercenter d-d CT transitions, and by appearance of strong intense absorption bands near 5 eV.
Regardless the strong distinctions of optical response, on one hand, of La, Pr, Nd, and Sm cuprates, and on the
other hand, of the Bi cuprate, the dielectric gap in these compounds shows comparable values defined by a
superposition of intracenter p-d CT transitions and two-center d-d CT transitions. Thus these cuprates should

be classified as compounds intermediate between CT and Mott-Hubbard insulators.
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I. INTRODUCTION

Copper compounds with the general chemical formula
R,CuQ,, where R are rare-earth ions and Bi, are a family of
strongly correlated complex 3d oxides which raised a strong
interest after discovery of high-7'. superconductivity in hole-
doped La,CuO,,' and in electron-doped Nd,CuO,.> During
last years these and relevant compounds have been actively
studied.? Interestingly, the superconductivity was recently
achieved in 7'-R,CuQO, thin films with T substantially
higher than in “electron-doped” analogs.* Nevertheless prob-
lems of electronic states and nature of particular physical and
chemical properties of strongly correlated cuprates remain
actively discussed.

The nature of the low-energy optical electron-hole excita-
tions in the 3d-metal oxides is an important challenging issue
for the strongly correlated systems. These excitations are im-
portant because they play a central role in multiband Hub-
bard models used for describing both the insulating states as
well as the unconventional states which emerge under elec-
tron or hole doping. One of the key problems in the physics
of oxygen cuprates is the relation between their near-band
gap electronic structure and the local oxygen coordination of
the Jahn-Teller Cu®*(34°) ions. Furthermore, the interaction
between Cu-O clusters is a factor which strongly influences
the electronic structure. Tetragonal cuprates R,CuO, and
Bi,CuO, provide an interesting opportunity to address this
problem. The point is that the crystal structure of tetragonal
R,CuO, cuprates varies from the so called T phase [Fig.
1(a)] with strongly distorted octahedral CuOéO_ complexes
for the cuprates with large ionic radius (R=La) to the T’
phase [Fig. 1(b)] for the cuprates with smaller ionic radius
(R=Pr,Nd,Sm) where the key elements are the planar
CuOZ" complexes. Quasi-two-dimensional (2D) character of
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copper-oxygen bondings defines many physical properties of
cuprates such as strong anisotropy of magnetic, optical, and
other properties, as well as the superconductivity in doped
cuprates.

Though the ionic radii of Bi** and the rare-earth ions R**
(R=La, Pr, Nd, and Sm) for the coordination number 8 are
close to each other® their electronic structure is noticeably
different. The 4f shell in the bismuth atom is fully filled. The
presence of 6s and 6p electrons and resulting strong cova-
lency of the Bi(6s,6p)-O(2p) bonding leads to important
differences between the crystallographic and electronic struc-
ture of bismuth cuprate, and the rare-earth cuprates. In the La
cuprate (space group Abma, T-phase) copper ions are placed
in tetragonally distorted octahedral positions with three-
dimensional (3D) couplings between them [Fig. 1(a)]. In Pr,
Nd, and Sm cuprates (space group 14/mmm, T’ phase)’ we
are dealing with strongly coupled CuOZ’ complexes sharing

Bi,CuO,

T'-phase Or" B™ 00" OCU"

FIG. 1. (Color online) Schematic representation of the crystal-
lographic structure of rare-earth and bismuth cuprates: (a) T phase
(La cuprate), (b) T" phase (Pr, Nd, and Sm cuprates), and (c) bicu-
prate (after Ref. 5).
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a single common oxygen ion [corner-shared (CS) coupling]
thus forming well-defined CuO, ab planes. In this case the
crystal structure can be regarded as 2D. By contrast, in
Bi,CuO, (space group P4/ncc) (Ref. 8) the planar CuO$”
complexes are placed one above another along the tetragonal
¢ axis and the neighboring complexes are weakly coupled
[see Fig. 1(c)]. In this case we can characterize the crystal
structure as zero-dimensional. The strong Heisenberg ex-
change interaction within the CuO, planes in the Pr, Nd, and
Sm cuprates defines 2D antiferromagnetic interaction be-
tween the spins of the Cu®* ions whereas a weaker interplane
interaction leads to 3D antiferromagnetic ordering in La cu-
prate with Neel temperatures in the range of Ty
~250/320 K.? Bi,CuO, becomes 3D antiferromagnetically
ordered at much lower temperature Ty=45 K with Cu’*
spins oriented along the tetragonal ¢ axis.®!0-1!

Low-lying near-band gap electronic states play the most
important role in defining optical and other physical proper-
ties of cuprates. In our work we report on the optical re-
sponse in the rare-earth cuprates R,CuO, (R
=La,Pr,Nd,Sm) and in the bismuth cuprate Bi,CuO,. Ex-
perimental data were gained by a method of optical ellipsom-
etry in the spectral range of 0.6/5.4 eV. The main task was
to clarify the role of Cu-O complexes and the coupling be-
tween them in forming the near-band gap optical response.
Spectral and polarization data for the dielectric permeability
are treated in terms of a cluster model taking into account
different charge-transfer (CT) transitions.

II. EXPERIMENTAL

Samples of the rare-earth and bismuth cuprates were pre-
pared from flux-grown single crystals provided by several
groups (see Acknowledgments). No intentional doping was
undertaken in the process of growth implying that the ob-
tained crystals are insulators. Nevertheless we found that the
resistivity of the samples varied in a range from several k()
(kilo-Ohms) to 200 k() in the rare-earth cuprates. Very high
resistivity of the order of several mega-Ohm was found in
the bismuth cuprate. Single crystals were x-ray oriented and
cut in a form of plane-parallel plates of ~1—-4 mm? in area
with the normals along the a and ¢ axes. Final polishing was
done using a silica aqueous solution. We note that no degra-
dation of the sample surfaces was observed over several
years.

Complex dielectric functions of cuprates were studied in
the range of 0.6-5.4 eV using variable-angle spectroscopic
ellipsometer.'>”'* Ellipsometric angles # and A were mea-
sured at room temperature 7=295 K. Dielectric susceptibili-
ties e*=¢"” and &% of optically uniaxial cuprates were cal-
culated using the following equations:

1 —tan 1,06’“)2

1 +tan e

& =sin® 6+ sin® 6 tan’ 0( (1)
where 6 is the angle of incidence of the light beam.

The chosen sample orientations allowed us to derive
pseudodielectric functions both along and perpendicular to
the optical axis of uniaxial crystals.”> We note that the mea-
surements were done at several, typically three, angles of
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FIG. 2. (Color online) Spectra of real &; and imaginary &, parts
of the optical dielectric function in La,CuQO,. Color-shaded areas
show single oscillators obtained by fitting experimental data accord-
ing to Eq. (2).

incidence and the coincidence of extracted values of dielec-
tric constants proved the reliability of the measurements. Ac-
curacy of the measurements and the evaluated data were lim-
ited, in particular near the borders of the spectral range,
because of small sample sizes.

Since the electronic structure in cuprates can be modeled
by localized states the complex optical response was ana-
lyzed with a set of Lorentzian oscillators. In this model the
dielectric function e=¢g+i¢g, can be presented in a following
form:

f
e=A+BE+ >, ————,
EEZ—EZ—iEyn

n n

2)

where A and B are coefficients describing contributions of
particular transitions beyond the spectral range of measure-
ments; E, are resonance energy of oscillators; f,, and v, are
oscillator strength and relaxation parameters, respectively.
Experimental data were analyzed according to Eq. (2) with a
use of a FORTRAN program which allowed us to make simul-
taneous fitting of both real £; and imaginary &, parts of the
dielectric function.

III. EXPERIMENTAL RESULTS

Figure 2 shows optical real &, and imaginary &, parts of
dielectric spectra for the La cuprate and Figs. 3—-5 show the
similar data for the Pr, Nd, and Sm cuprates. For the La, Pr,
and Sm cuprates the spectra are given for both main polar-
izations e™(E)=¢&"(E) and &%“(E). For the Nd cuprate only
the &*(E) spectrum was measured because of the lack of
samples with required orientation. One may expect the pres-
ence of crystal field d-d transitions between 3d levels split by
the crystal field in the spectral range of 1.4-2.4 eV. In fact
such transitions are observed, for example, in the absorption
spectra of copper borate CuB,0,, where the fundamental ab-
sorption band gap is strongly blue shifted up to 3.8—4.0 eV.'¢
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FIG. 3. (Color online) Spectra of real &, and imaginary parts &,
of the optical dielectric function in Pr,CuQ,. Color-shaded areas
show decomposition of the spectra according to Eq. (2).

In CuB,0, Cu?* ions occupy both strongly distorted octahe-
dral positions similar to La,CuO, and square-planar posi-
tions similar to Pr, Nd, and Sm cuprates. However these
forbidden d-d transitions are too weak to be detected in el-
lipsometry measurements which are sensitive only to strong
transitions. Intensity and width of transitions observed in cu-
prates definitely allow us to assign them with charge-transfer
transitions.

In their general features the spectra in Figs. 2-5 are in
good agreement with known literature data obtained by re-
flection spectroscopy.'’~2? It is well known that ellipsometry
measurements allow one to obtain more accurate data. How-
ever, to the best of our knowledge, ellipsometry measure-
ments were done only for La and Bi cuprates.?'?*> The ellip-
sometry data make the decomposition of the spectra into
Lorentzian oscillators according to Eq. (2) more quantitative.
Lorentzians are shown by color shaded areas. Minor partial
discrepancies between the data and calculations, in particular
in the low-energy spectral parts, we may explain by infrared
transitions>? which were ignored in the fitting procedure.

Figure 2 shows the pseudodielectric functions spectra for
T-phase cuprate La,CuO,, and their decomposition into
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FIG. 4. (Color online) Spectra of real &, and imaginary parts &,
of the optical dielectric function in Nd,CuQO,. Color-shaded areas
show decomposition of the spectra according to Eq. (2).
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FIG. 5. (Color online) Spectra of real &; and imaginary parts &,
of the optical dielectric function in Sm,CuQ,. Color-shaded areas
show decomposition of the spectra according to Eq. (2).

Lorentzian oscillators. The characteristic spectral feature of
La-cuprate spectra is a strong 2.09 eV absorption band in the
" (E) spectra which defines the band gap. We note that this
band position, as well as positions of other less intensive
bands at 2.57 and 3.04 eV, are in a good agreement with
previously published ellipsometry data.?!

Spectra of 7" cuprates are shown in Figs. 3-5. We note,
that no decomposition into Lorentz oscillators was under-
taken before on the basis of reflection data'’?" for these
copper oxides. The band gap in 7" cuprates is noticeably red
shifted by about 0.6 eV as compared to La cuprate. As a
general characterization of the spectra in Figs. 2-5 we note
their strong anisotropy below 5 eV.

Figure 6 shows optical real &; and imaginary &, parts of
dielectric spectra in Bi,CuQ,. They are radically different
from the T-phase and 7'-phase cuprates. In particular we
note the absence of 1.5 or 2.2 eV band, weak optical aniso-
tropy, and dominant contribution to the optical response of
high-energy transitions in the 4/5 eV spectral range. Recent
paper reported the presence of an &3 band at about 4 eV in
the bismuth cuprate.”> However the data shown in Fig. 2 of
Ref. 22 do not allow us to make more detailed comparison
with our data obtained for both main polarizations and with
higher resolution.

IV. DISCUSSION

For interpretation of the experimental optical spectra we
shall construct an electronic energy-level diagram using a
cluster model based on the hole energy spectra in the square-
planar complex CuOﬁ‘. The crystal field effects and the co-
valency of the Cu(3d)-O(2p) and O(2p)-O(2p) bondings
will be taken into account.”* Figure 7 shows results of cal-
culations. We claim that our simple cluster model based on a
separated CuOS_ complex has a number of advantages in
comparison with, for example, band models.?>?® These ad-
vantages are, first of all, related with involvement of corre-
lation effects. Five 3d atomic orbitals of copper and twelve
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FIG. 6. (Color online) Spectra of real &, and imaginary parts &,
of the optical dielectric function in Bi,CuQO,. Shaded areas show
decomposition of the spectra according to Eq. (2).

2p orbitals of oxygen in the CuOf’[ complex with the point
symmetry D,, form a set of even alg,azg,blg,bzg,eg and odd
as,,by,,e,(0),e,(m) molecular orbitals. The even 3d copper
orbitals [a,,(3d,2),b,(3d2_2),b,,(3d,,),e,(3d,.,3d,,)] hy-
bridize due to strong covalency of the Cu(3d)-O(2p) bond-
ing with even O(2p) orbitals of the same symmetry. As a
result, the relevant bonding 9’ and the antibonding 7 mo-
lecular orbitals are formed. All planar O(2p) orbitals can be
divided into o orbitals a;,,b,,e,(0) and 7 orbitals
q,b5,,e,(), respectively. Among all odd orbitals only
e,(0) and e,(7) orbitals hybridize due to pp covalency thus
forming pure oxygen bonding eﬁ and antibonding ¢, molecu-
lar orbitals.

The pure oxygen orbitals a,,,a,,,b,, are nonbonding.
The hole energy spectrum is typical for CuO, planes in di-
electric quasi-two-dimensional cuprates such as La,CuQ,,”’
Sr(Ca),Cu0,Cl,,28-30 or for the CuO, chains in quasi-one-
dimensional CS cuprates such as Sr,CuQ;.3%3!

Two electric-dipole CT p-d transitions are allowed in the
CuOZ" complex from the main ground state b?g(OC?adxz_yz)
which are polarized as E L Cy, b!,’g—>eu(77),eu(0'), respec-
tively, with intensity ratio

2
! , (3)

ppg+l

pPpT

I(b?g — eﬁ) _

I(bll’g — ey

€pe, (o) = €pe,(m)

where 7,,, and 1, . are two types of pp transfer integrals and
€pe ()~ €pe(m) 1S the energy difference of e, (o) and e, (m)
orbitals.

The relative spectral contribution of two planar CT p-d
transitions is mainly defined by values of pp transfer inte-
grals, and by the energy of ¢, (o) and ¢, () orbitals. Integral
intensity of two planar p-d transitions within the

Cu(3d)-O(2p) bond depends on the covalency parameter
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FIG. 7. (Color online) Energy spectrum of a hole in the square-
planar complex CuOg_. Solid and dashed lines represent bonding
and antibonding orbitals, respectively. The spectrum is calculated in
a cluster model taking into account crystal-field effects and cova-
lency of Cu(3d)-O(2p) and O(2p)-O(2p) bonds. Arrows mark the
most intense transitions.

1,4 |1,40|%, Where 1,4, is the hole transfer integral within the
Cu(3dg—0(2p) bond. We may say that the integral intensity
of planar CT p-d transitions is a measure of covalency and
ionicity for the Cu(3d)-O(2p) bond in CuOZ‘ complexes. In
this complex formally only 5% = by, () transition in polar-
ization E|lC, is allowed, however the relevant matrix ele-
ment is small because of the orbital orthogonality between
the initial and final states.

Parity forbidden intracenter crystal field d-d transitions
can be masked by more strong CT p-d transitions, first of all
such as the electric-dipole-allowed b’l’gﬂeu(w) transition and
the electric-dipole-forbidden b?g—>a2g(7r) transition. Most
likely, the strong interaction of these states with odd-parity
lattice vibrations forms a relatively broad complex absorp-
tion band near 1.5-2 eV as it was clearly observed in copper
borate CuB,0, where CT bands are strongly blue-shifted.'®

Two-center CT d-d transitions in the CuOg_ complex cor-
respond to a by ,-hole transfer on various states of neighbor-
ing complexes. The b,,— b,, transition has the lowest en-
ergy which corresponds to the formation of Cu'*(3d')
complex and the Zhang-Rice singlet with the two-hole con-
figuration b% 2 1A, ¢ in the neighboring complex. Usually such
transition is called a Mott-Hubbard transition, or, in other
words, a transition to the upper Hubbard band. This transi-
tion is observed in one-dimensional and 2D cuprates with CS
coupling of CuO$~ complexes (Sr,CuO,Cl,, Sr,CuOs) as an
excitonlike band at =2.5 eV at the I' point in the electron-
energy-loss spectra (EELS) with well-defined dispersion.?%3!
A particular feature of the cuprates is well illustrated by a
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complex structure of the fundamental absorption band in
Sr,CuO; (Ref. 31) which is formed by overlapping of a low-
energy =~2.5 eV intense two-center d-d Mott-Hubbard CT
transition and a relatively weak p-d one-center b’ . eu(m)
CT transition at =2.0 eV.?8-3! In other words strictly speak-
ing cuprates cannot be classified in terms of the Zaanen-
Sawatzky-Allen model either as Mott-Hubbard insulators or
CT insulators.*

Thus, in terms of the cluster model discussed above the
energy spectrum of the Pr, Nd, and Sm cuprates can be as-
sociated with the charge transfer within the square-planar
complexes CuO?[ (p-d CT transitions), or between the
neighboring complexes (d-d CT transitions)3%3! with prop-
erly taken into account effects of neighboring planes above
and below the CuO, plane as well as Cu-O bond
lengths.!”-1833 Thus, important experimental observation of
strong 0.6 eV “redshift” of the fundamental band gap in the
Pr, Nd, and Sm cuprates (7’ phase) with respect to the R
=La cuprate (T phase) can be easily explained by decrease of
the average negative charge in the nearest environment of
CuOS" complexes. In fact, the transition from the 7-type
structure to the 7”-type structure leads to the energy increase
of the b, hole. Taking into account these arguments we can
assign the strong 1.5/1.6 eV band in the 7”-cuprates to over-
lapping of the low-energy =~2.0 eV two-center (d-d) b,
— b, CT transition and the one-center (p—d)b?g—wu(ﬂ') CT
transition at =1.5/1.6 eV. It is quite natural assign absorp-
tion bands in the 3.1/3.4 eV and in the 5.0/5.2 eV spectral
range (see Figs. 3-5) with a weak d-d two-center CT transi-
tion b;,—e,(m) and a p-d one-center CT transition blfg
—e,(0), respectively.3%3!

We may thus conclude that the rare-earth cuprates
R,CuO, (R=Pr,Nd,Sm) with the 7’ structure, as well as
other members of the cuprate family, can be assigned to in-
sulators of intermediate class between Mott-Hubbard insula-
tors and CT insulators. It is interesting to note that strong
oscillator strength of the p-d electric-dipole-allowed b'l’g
— e, () transition provided a good opportunity for observ-
ing strong resonance photoinduced optical phenomena al-
lowing detecting of orbital and spin contributions into fem-
tosecond dynamics in 7’-type cuprates in the 1.45/1.77 eV
spectral range.>* By contrast no such phenomena were de-
tected in 7-type cuprates in the same spectral range where
the band gap is by about 0.6 eV higher.

Spectra of £%(E) for the light polarization along the te-
tragonal axis reflect the contribution of CT transitions to the
optical response. Experimental data and their decomposition
into particular Lorentz oscillators show broad bands at 3.8
eV in Pr,CuO, and 3.7 eV in Sm,CuO, (see Figs. 3 and 5).
It is quite natural to assign these bands to one-center (p-d)
CT transition b ¢~ b2y In SmyCuOy (Fig. 5) two more week
bands can be distinguished at 1.7 and 2.2 eV, which can be
attributed to forbidden transitions and/or to a small buckling
of CuOg_ complexes from the ab planes. High-energy bands
in the £%(E) spectra at 6.4 eV in Pr,CuO, and at 5.2 eV in
Sm,CuO, show significant difference both in the band posi-
tion and intensity. That may be a hint to the rare-earth-ion
contribution, for example due to a CT transition O(2p)
—R(6p). Indirect evidence of charge transfer from the oxy-
gen to the rare-earth ions within the CuO, planes is a de-
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crease in the intensity of a usually strong p-d CT transition
bll’g—wu(a').

The optical response of the bismuth cuprate Bi,CuO,
shown in Fig. 6 radically differs from the response of the
T’-type cuprates (see Figs. 3-5). First of all we note unex-
pectedly small anisotropy. The response of Bi,CuO, is
strongly suppressed in the low-energy spectral range. By
contrast the high-energy response is increased. On the other
hand the optical response of Bi,CuO, in general features is
in agreement with the EELS results® and with local density
approximation calculations which point to a dominant con-
tribution of the Bi-O subsystem.*® Intense &, bands at 4.57
and 5.46 eV in z-polarization and at 4.22 and 5.21 eV in x
polarization correspond to a double-band feature in the
EELS spectrum at 4.4/6.1 (B’ structure).® These bands are
attributed to transitions from hybridized bonding and anti-
bonding Bi(6s)-O(2p) orbitals in the Bi,CuO, valence band
into empty Bi(6p) states.® Strong covalency of
Bi(6s,6p)-O(2p) bonds leads to increase of ionicity within
the Cu(3d)-O(2p) bonds® thus suppressing spectral weight
of both p-d and d-d CT transitions. We note that similar to
Bi,CuOy, strong covalency of Bi-O bonds also leads to no-
ticeable increase in the optical response in a prominent mul-
tiferroic bismuth ferrite BiFeO5.>’

Nevertheless, the Bi,CuO, spectra in the x polarization
allow us to distinguish several weak bands at 2.08 eV, 2.55
eV, 3.46 eV, and 3.74 eV which, as in the case of the rare-
earth cuprates, can be attributed to a p-d intracenter b’,’g
—e,(m) CT transition, d-d intercenter b?g—>bl{ , CT transi-
tions, and a p-d intracenter blf P e, (o) CT transition, respec-
tively. The last one, presumably, is hidden within the intense
Bi-O band. Two z-polarized spectral features at 3.22 and 3.55
eV can be attributed to a p-d one-center bll’g—>b2u CT tran-
sition and additionally to contributions of in-plane transitions
due to a small buckling of CuO?[ complexes from the ab
plane.

Before concluding the discussion of the R,CuO, cuprates
we would like to make following remarks. Recently it was
found that lithium cuprate LiCu,0,, where Cu* ions occupy
square-planar positions similar to those in Pr, Nd, and Sm
cuprates, demonstrates anomalous optical absorption
spectra.3®3° The optical response of LiCu,0, is characterized
by an extremely strong, sharp, and highly anisotropic optical
feature at 3.27 eV whereas low-energy 1.6-2.1 eV features
seen in R,CuO, cuprates are suppressed. An exciton-type
model was suggested for explaining this feature which is
based on strong electron-hole correlations and a crystal-field
splitting of the Cu'* states.®

On the other hand, it is interesting to note, that the optical
CT spectra in R,CuO, cuprates are qualitatively very similar
to such spectra in hexagonal manganites RMnO5.!34%41 In
fact, the band gap in hexa-RMnO; is defined by a strong
absorption band at 1.6 eV observed in the x polarization
whereas no traces of this band are seen in the z polarization.
That is very similar to Pr, Nd, and Sm cuprates with respect
to both the band position and its anisotropy. We may assume
that such similarity of optical CT spectra in different com-
pounds is related to the fact that in both cases we are dealing
with a single-hole state in the 3d shell. Mn** ion in
hexa-RMnO; has the 3d* state—a single hole in the half-
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filled 3d°-shell, whereas in the Cu®* cuprates we are dealing
with the 3d° state—a single hole in the filled 3d'° shell. In
both cases the magnetic ions occupy strongly distorted
uniaxial positions, namely trigonal bipyramids in the hex-
agonal manganites and square-planar positions in the tetrag-
onal cuprates resulting in strong optical anisotropy with CT
transitions polarized within the basal planes and strongly
suppressed for perpendicular polarization.

V. CONCLUSIONS

The experimental data and their analysis on the basis of a
cluster model allowed us to clarify the main features of the
optical response and electronic structure of the tetragonal
T-phase cuprate La,CuQy, the T’-type Pr, Nd, and Sm cu-
prates, and the bismuth cuprate Bi,CuO,. In-plane response
&1, in the rare-earth cuprates is weakly dependent on the
type of R ion and, when the redshift is taken into account,
this response is similar to those of the wide class of quasi-2D
insulating cuprates where square-planar CuOS_ complexes
are coupled by a common oxygen ion. Optical dielectric re-
sponse is defined by contributions of one-center (p-d) and
two-center (d-d) CT transitions, and the fundamental band
gap is formed by their overlapping. As a result, the rare-earth
cuprates may be attributed in terms of the Zaanen-Sawatzky-
Allen scheme?? to insulators of an intermediate type between
Mott-Hubbard CT insulators and CT insulators. We note that
the type of the R rare-earth ion strongly influence optical
response in the high-energy range of 4/6 eV.
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The optical response of the bismuth cuprate Bi,CuO,
radically differs from the response of the T-type and 7’-type
cuprates. Dominant contribution to the optical dielectric
spectra in this compound is related to weakly anisotropic CT
transitions within the Bi-O subsystem characterized by
strong covalency. This factor increases the ionicity of
Cu(3d)-O(2p) bonds thus reducing the intensity of both p-d
and d-d CT transitions in CuOZ‘ complexes. Though the in-
tensity of these CT transitions is reduced in Bi,CuQy, never-
theless they are observed in the range of 2.0/3.8 eV and
define the band gap in this material. Thus we conclude that
the band gap in Bi,CuQy is the same origin as in the R,CuO,
compounds.
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