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Temperature dependence of the Raman spectra for Bi2CaSrzCu2G8
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We report an anomaly at T, (= 85 K) in the temperature dependence of the A&g phonon mode

at 464 cm in Bi2CaSr2Cu208. It behaves similarly to the B&g phonon mode previously found in

YBa2Cu307. However, the anomalously behaving phonon reported here has two different charac-

teristics. First, it has a considerably higher energy than the B)g phonon, and hence should be

considerably higher in energy than the superconducting band gap. Second, this phonon involves

motion primarily of the oxygen atoms above and below the Cu-0 planes rather than those in the

Cu-0 planes as is the case for the BIg phonons in YBa2Cu307.

INTRODUCTION

In an early Raman study of YBa2Cu307 ceramics,
Macfarlane, Rosen, and Seki' reported an anomalous
temperature dependence of the 340 cm ' phonon mode.
As the temperature is lowered from room temperature,
the mode frequency increases until approximately T,
(=90 K). Below this temperature the frequency de-
creases by several wave numbers. This type of tempera-
ture dependence was also observed in infrared ineasure-
ments by Bonn et al. , and confirmed by Wittlin et al.
(for both the Raman line, and an =333 cm ' infrared
line) and other authors.

Using single-crystal data, Cooper et al. have analyzed
their Raman spectra of YBa2Cu307 in considerable detail.
They also find an anomalous temperature dependence of
the position, as well as the linewidth (and shape) of the
340 cm line. They interpret their results as an interfer-
ence eA'ect due to interband-electronic scattering interfer-
ing with the phonons.

The 340 cm Raman line in YBa2Cu307 is interesting
because it has B~s symmetry (tetragonal notation,
which is used throughout this paper). Thus, the normal
mode involves only atomic motion of the oxygen atoms in
the Ctt-0 planes, and this motion is only along the z
direction. The eigenvector can be visualized by consider-
ing a single Cu-0 plane. If O„and 0» are the oxygen
atoms in the x and y directions, respectively, then the
motion consists of O„moving in the +z direction and 0»
moving in the —z direction; the mirror image of this
motion occurs for the oxygen atoms in the closely coupled
neighboring Cu-0 plane. This phonon transforms as
x —y and so has a first-order coupling to the x —y
hole states on Cu atoms.

Bi2CaSr2Cu208 also has two Cu-0 planes per primitive
unit cell and thus a Raman active Bts mode, as well as
6A~g+7Eg Raman active modes' assuming tetragonal
symmetry. With crossed polarization measurements at
45 to the crystal axes, the B~g mode has been deter-
mined" at 282 cm '. Its position as a function of tem-
perature was measured, but no anomalous behavior could
be detected. " However, as the authors note, the large
linewidth of this B~g mode observed in Bi2CaSr208 could
obscure any anomalous behavior.

We report anomalous temperature dependence of
another Raman active line in single crystals of
Bi2CaSr20s. The line arises from the inotion of atoms
that are not in the Cu-0 planes, and we discuss some im-
plications of this result.
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FIG. 1. The temperature dependence of the linewidth and po-
sition of the Alg phonon at 464 cm in Bi2CaSr2Cu208. T, of
the crystal is 85 K, as indicated.

RESULTS

We have previously measured' the room-temperature
A ~g Raman spectra of single-crystal Bi2CaSr20s. Experi-
mental details are described in Ref. 10. Of the four ob-
served A~~ modes, the line at 464 cm ' is the narrowest
and most intense. ' As we show in another paper, ' this
phonon mostly involves the motion of the oxygen atoms
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(labeled 0,), which are above and below the Cu-0 planes.
A similar phonon is found in all the high-temperature
copper oxide superconductors.

Figure 1 shows the temperature dependence of the fre-
quency and linewidth of this phonon taken with increasing
and decreasing temperature. There is a clear anomaly in
the temperature dependence of its frequency in the vicini-
ty of T, ( 85 K, indicated by the arrow). The difference
between the highest frequency measured (at T,) and that
at 0 K is about 4 cm ', but the anomaly is about twice as
large if the extrapolated (to 0 K) frequency is used. The
linewidth in Fig. l is the full width at half power and it ex-
hibits the simple temperature dependence, without any
anomaly. Note that the anomaly in the position of the
phonon is less than the linewidth which is characteristic of
these superconductors.

DISCUSSION

Anomalous behavior of phonon positions in the high-
temperature copper oxide superconducting materia1s is

not at present understood. However, it suggests the possi-
bility of electron-phonon interactions in these systems al-
though it may just parametrize other properties of the su-
perconductivity. In all previous studies of anomalous be-
havior, ' the phonon involved only motion of the oxygen
atoms in the Cu-0 planes. The phonon anotnaly reported
here has two different characteristics, which we think may
be of some significance. First, at 464 cm, this phonon is
considerably higher in energy than the
B~z phonon ( = 340 cm ') reported previously in
YBazCu307. Thus, its energy should be considerably
higher than the superconducting gap. Second, this pho-
non mostly involves the motion of the 0, atoms. ' These
atoms are directly above and below the Cu-0 plane, but
not in the plane. Yet the anomaly is of the same order as
observed previously. '

It would be interesting to see if a similar anoma1y is
found for phonons that involve the motion of atoms that
are even farther from the Cu-0 planes. $ome of the pho-
nons in other Bi and Tl compounds are certainly candi-
dates for such a study. '
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