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In a recent paper@Phys. Rev. B51, 16 487 ~1995!# Zhao and Morris argued that the oxygen isotope
substitution affects the value of the effective mass of the carrier, and such effect is manifested in the isotopic
dependence of the penetration depth. The aim of this Comment is to point out serious inconsistencies in their
analysis and to clarify the situation.@S0163-1829~96!07734-X#

The value of the penetration depthd in cuprates can be
affected by the isotopic substitution of the apical oxygen
~O16→O18!, since such a substitution affects the charge trans-
fer, and, correspondingly, the in-plane carrier concentration.1

The authors2 claim that they observed the isotope shift ind
by observing the change in the Meissner fraction nearTc .
Here we point out the inconsistencies in their analysis and
indicate a different approach.

~1! The authors measure, for YBaCuO, the isotopic shifts
in the slope of the magnetic susceptibility nearTc for differ-
ent values of magnetic field. The analysis was reduced to a
set of two equations@see Eqs.~2! and ~5!, Ref. 2#; each of
them contains the terms proportional toDns andDm* (ns is
the pair density,m* is the carrier effective mass!. The nu-
merical solution of these equations based on the parameters
obtained in Ref. 2, resulted in the conclusion that the change
in the carrier effective massm* is a dominant factor,
whereas the relative change in the pair densityDns/ns is
negligibly small. However, even the evaluation of the equa-
tions contain a number of flaws. For example, the authors
assume that the temperature dependence ofdab anddc near
Tc are the same, and this is in a total contradiction with
experimental data, particularly nearTc ~see e.g., Ref. 3!. Ref-
erence 4 cited in the paper by Zhao and Morris,2 established
the relation between these parameters (dc55dab) in the low
temperature region well belowTc . One should note that this
assumption is a very important ingredient in the author’s
evaluation. This is particularly true, since the effects are
quite small, thus they are very sensitive to these factors. A
change in the nature of the dependenciesdab(T) anddc(T)
will lead to a substantially different structure of Eq.~2! and,
therefore, different conclusions.

~2! The analysis does not take into account the fact that
YBa2Cu3O72x contains two subsystems, planes and chains.

In addition to the different dimensionality of these sub-
systems, each of them can be characterized by its own order
parameter, energy gap, coherence length;5 as a result, there
are two pair densities,ns;pl andns;ch . The screening is pro-
vided by both subsystems, and this factor has to be consid-
ered with special care~see Ref. 6!.

~3! Zhao and Morris2 are trying to explain the origin of
the isotopic dependence ofm* . Their explanation is based on
the equationm*5m0~11l!, wherem0 is the band value of
the mass, andl is the coupling constant. For the authors
information, this relation was first obtained in Ref. 7~see
also, e.g., Ref. 8!. We also find that the replacement
m0→N(0) is hard to understand. The authors use the BCS
expression forl:l5N(0)V, and they are trying to explain
the isotopic dependencem* by the interaction of the carriers
with some phonon modes, and the corresponding change in
N(0). But it is important to realize that all the parameters on
the right-hand side of the relation form* are unrenormalized,
that is, they are for the frozen lattice~see, e.g. Ref. 8, p. 476!.
It is obvious that the periodic electric field formed by such a
lattice, will not be affected by the isotope substitution.
Therefore, the dependence of the carrier effective mass on
the isotopic substitution as described by Zhao and Morris
cannot be correct.

~4! According to our model,1 the isotope substitution of
the apical oxygen affects the charge transfer between the
chains and the planes. Zhao and Morris2 note that the mecha-
nism, proposed in Ref. 1, leads only to the redistribution of
the total pair density, and concluded that the value ofd is not
affected. But the authors totally ignore the fact that the
planes and chains provide different contributions to the
screening~see above!, and the charge transfer does lead to a
change in totald. As was noted above, the presence of two
subsystems with different values of parameters, including the
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pair densities, has to be taken into account.6

~5! The data presented in Figs. 1 and 2 of Ref. 2 is also
suspect. For example, to estimateP1 for the O16 sample the
slope was evaluated between 91.5 and 92.5 K in a field of 10
Oe. To evaluateP2 for this sample at 150 Oe the temperature
range was 92–93 K. At a higher field the corresponding re-
gion to evaluate the slope should be at a slightlylower not
higher temperature. Since the lower temperature data were

not presented it was probably not linear. This provides fur-
ther evidence against the validity of Eqs.~2! and~5! in Ref.
2. In fact, in the derivation of Eq.~5! the temperature depen-
dence ofk ~Ref. 9! was ignored.

These flaws make the derivation and evaluation of the
equations for the slopes incorrect and therefore invalidate the
conclusions about the relative isotopic shifts on the effective
mass and the superfluid density.
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