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We argue that the multiparameter-based analysis of the temperature-dependent extended x-ray-
absorption fine-structure data in YBa2Cu307 leads to conclusions about a possible double-well
potential of the apical oxygen that are in contradiction with results from Raman and infrared spec-
troscopy.

In their recent paper Mustre de Leon et al. con-
clude from an analysis of their extended x-ray-absorption
fine-structure (EXAFS) data that the apical oxygen in
YBa2Cu307 occupies a split position. The separation
of the two potential minima is 0.13 A. and decreases by
0.02 A. inside a narrow Huctuation region 83 K ( T (
86 K. The corresponding energy separation of the ground
state and first excited state shows a singularity in the
fluctuation region, represented by two data points in
Ref. 1. Aside from the possible non-uniqueness of a ten-
parameter fit to data previously subjected to normaliza-
tion and Fourier-filtering procedures, there is a discrep-
ancy with results of optical measurements. We would
like to point out here that it is impossible to reconcile
the interpretation of the EXAFS data in terms of an
asymmetric double-well potential for the apical oxygen
given in Ref. 1 with Raman and infrared measurements.
The model of Ref. 1 requires, except in the narrow re-
gion around T„alowest excitation energy for the apical
oxygen vibrations along c below 150 cm, the next one
being 1000 cm . These are incompatible with both Ra-
man and ir data.

Mustre de Leon et al. point out that as "EXAFS
measures the average environment around an absorbing
atom" their analysis in terms of a single bond [Cu(1)-
O(4)j may not be fully realistic. In addition, they state
that a symmetric (Raman-active) vibration should not
exhibit any anharmonic behavior, while the observation
of an anomalous behavior of the antisymmetric (ir-active)
mode is consistent with the double-well potential.

The vibrations of the apical oxygen belong to the
best studied lattice properties of RBa2Cus07 (R = rare
earth). Both Raman 's and ir ' phonon frequencies
show modest changes at T, in frequency ( 1%) and
in linewidth ( 10—30%). We show in Fig. 1 the pa-
rameters of the 565 cm ir-active vibration of the api-
cal oxygen. The atomic displacement is in the z direc-
tion in this mode; the softening amounts to 0.5%, the

linewidth broadening to 20% in the case of R = Er with
similar values for R = Tm. The increase in the oscilla-
tor strength is about 30'% for R = Er between 100 and
10 K.T Raman measurements of the symmetric vibration
have frequency variations2 of 2% (R = Tm), linewidth
variationss of 15% (R = Tm), and an anomalous in-
tensity increases below T, of 25% (R = Y). The abso-
lute electron-phonon coupling constants of these modes
have been determined experimentally and theoretically
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FIG, 1. Temperature dependence of the frequency,
linewidth, and oscillator strength of the ir-active vibration
of apical oxygen in RBa2Cu307. Note the steplike disconti-
nuities near T, .
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and lie around 0.01 (in terms of contributions to A);
they are hence in the weak-coupling regime. Further-
more, the coupling constants of the x- and y-direction
Raman-active vibrations were found to be zero to within
experimental error (AA = +0.02 for the x direction,
AA = +0.003 for the y direction). io

The changes in the parameters of the Raman-active
phonons at T, have been understood in some detail and
originate from resonant electron-phonon interaction ef-
fects in the superconducting state. The explanation of
the effects for the ir-active phonons involves more diK-
cult processes due to the complicated nature of the trans-
verse charge (see, for instance, Ref. 11). In all cases of
phonon anomalies reported to date, the general obser-
vation is a steplike change of the phonon energy in the
percent range at T, and a somewhat larger change in
their width. In contrast, the energy parameter deter-
mined from the EXAFS data almost doubles in a narrow,
singularitylike interval at T, . (See points at 83, 86, and
88 K in Fig. 9 of Ref. 1 obtained for two different mod-
els of the double well. Unfortunately the next points to
lower T's are at 9 and 10 K. More measurements between
10 and 83 K are thus highly desirable. ) From this qual-
itative difference a relation between the two sets of data
appears unlikely. Similarly, the c parameter determined
by x-ray diffractioniz and the thermal expansivity of the
c axis in YBapcu307 do not have a discontinuity across
T„but rather a change in slope. The possible anoma-
lous region in the x-ray experiment is 40 K wide, one
order of magnitude larger than suggested in Ref. 1, and
again qualitatively incompatible with the interpretation

of Mustre de Leon et at.
Furthermore, if the ir-active mode at 565 cm breaks

the symmetry due to the supposed asymmetric double-
well potential, it should become Raman active; similarly,
the Raman-active mode should become ir active. Neither
of these two predictions have been observed experimen-
tally. It should be noted that the classification of being
exclusively Raman or ir active is based on the existence
of inversion symmetry for the primitive cell of a crystal.
A symmetry breaking for the asymmetric double-well po-
tential as Mustre de Leon et at. conclude from their data
has as a consequence, without further assumptions, the
breakdown of the optical selection rules.

We conclude from the optical data that there is no ev-
idence for the asymmetric double-well potential derived
from the EXAFS data. The variations in the energy lev-
els in the double well have singular character near T, and
are one to two orders of magnitude larger than energy
changes in Raman- and infrared-active phonons, which
have small steplike changes at T, . Moreover, the asym-
metric nature of the double-well potential should lift the
Raman and ir selection rules, in clear contrast to the
spectroscopical results. A possible reason for the ap-
parent discrepancy of the double-well potential of Ref.
1 may lie in the analysis of the authors; Rohler, Larisch,
Schafer, ~4 e.g. , starting from unoriented powder EXAFS
data, conclude that there is no evidence for such large
anharmonicities or a double-well potential from EXAFS
data (one may argue, however, that the data of Ref. 1
are more precise since they are taken on c-axis-aligned
powder samples and polarized x rays).

J. Mustre de Leon, S.D. Conradson, I. Batistic, A.R.
Bishop, I.D. Raistrick, M.C, Aronson, and F.H. Garzon,
Phys. Rev. B 45, 2447 (1992).
C. Thomsen, B. Friedl, and M. Cardona, Solid State Com-
mun. 75, 219 (1990).
B. Friedl, C. Thomsen, and M. Cardona, Phys. Rev. Lett.
65, 915 (1990).
L. Genzel, A. Wittlin, M, Bauer, M. Cardona, E. Schonherr,
and A. Simon, Phys. Rev. B 40, 2170 (1989).
B. Guttler, E. Salje, P. Freeman, J. Blaunt, M. Harris, T.
Duffield, C.D. Ager, and H.P. Hughes, J. Phys. Condens.
Matter 2, 8977 (1990).
A.P. Litvinchuk, C. Thomsen, and M. Cardona, Solid State
Commun. 80, 257 (1991).
This represents an upper limit since in ceramics the usual
analysis overemphasizes changes in oscillator strength; see,
e.g. , S. Onari, H. Fukunga, M. Kado, T. Saito, T. Arai,

and T. Mori, Physica C 185-189, 1365 (1991) and A.P.
Litvinchuk (private communication) .
B.Friedl, C. Thomsen, H.-U. Habermeier, and M. Cardona,
Solid State Commun. 78, 291 (1991).
C.O. Rodriguez, A.I. Lichtenstein, I.I. Mazin, O. Jepsen,
O.K. Andersen, and M. Methfessel, Phys. Rev. B 42, 2692
(1990).
B. Friedl, C. Thomsen, E. Schonherr, and M. Cardona,
Solid State Commun. 76, 1107 (1990).' P. Vogl, J. Phys. C 11, 251 (1978).
H. You, U. Welp, and Y. Fang, Phys. Rev. B 43, 3660
(1991).
C. Meingast, O. Krant, T. Wolf, H. Wuhl, A. Erb, and G.
Miiller-Vogt, Phys. Rev. Lett. 67, 1634 (1991).
J. Rohler, A. Larisch, and R. Schafer, Physica C 191, 57
(1992).


