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The criticism raised by Tobin is refuted.

I completely disagree with the criticism raised by To-
bin; I believe that his comments result from a misunder-
standing of Refs. 1 and 2. The major objection of Tobin
is his claim that only inelastic interactions between the
adsorbates and the metal conduction electrons have been
taken into account, i.e., that elastic-scattering processes
have been neglected. This conclusion is wrong, as is
perhaps most easily seen from the semiclassical equations
of motion given in Ref. 2:
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Here Q is the parallel adsorbate vibrational coordinate
and J =nex is the electronic current density in the metal
film (thickness d). Now, assume first that the electric
field E in the metal oscillates harmonically with a fre-
quency well away from the resonance frequency Q of the
parallel adsorbate vibrations. In this case the adsorbates
will not participate in the motion, i.e., Q =0. Hence the
electron-adsorbate interaction is purely elastic and from
(2) one gets
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Hence we may define an effective electron relaxation time
Teffs
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This relaxation rate has a contribution (1/75) from bulk
scattering and another from elastic scattering from the
randomly distributed adsorbates [the second term in (4)]
proportional to 7. Now the important point is that
7=1/7 is also the energy relaxation time, via coupling to
electron-hole pairs in the metal, of an adsorbate vibra-
tion. This follows immediately from (1) if we set x =0 in
which case one finds Q ~e ™ " cosQt, i.e., p=1/7 is the
damping of the adsorbate vibration. Since the resistivity
p=m/ne*ry, it follows from (4) that p=py+Mn,n/
n2e2d,i.e.,
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The discussion above assumes implicitly that 7 can be
considered as frequency independent as w increases from
zero to (l—otherwise the dc resistivity and the vibration-
al damping would probe different n=1/7. But the elec-
tronic friction 7 is expected to depend on frequency @
only when the variation of #w is of order of the width I'
of the adsorbate-induced electronic resonance states close
to the Fermi energy (see Ref. 1). But since typically T is
of order 1 eV or more and since 7€) <0.1 eV the condi-
tion 7€) << T is satisfied.

Another objection of Tobin is the use of the jellium
model. However, in the present context (at low frequen-
cies) this is an excellent approximation for copper. Fur-
thermore, in a recent paper (Ref. 3) the original theory
has been extended to include a finite bulk electron mean
free path and also to be valid in the anomalous skin effect
frequency region.

Finally, Tobin has suggested that the fact that the am-
plitude of the antiabsorption peak associated with the
frustrated rotation for CO on copper is less than the
broadband reflectance change for w~( is in variance
with the theory presented in Refs. 1-3. But this is not
true: the theory developed in Refs. 1-3 is strictly valid
only for “pure” parallel adsorbate vibrations and not for
frustrated rotations although the physical reason for the
occurrence of antiabsorption resonances for the frustrat-
ed rotations is the same as for parallel adsorbate vibra-
tions. In fact, for a frustrated rotation it is very easy to
understand why, at resonance v =, the optical absorp-
tion does not return to the value of the clean surface.
First note that the reason why no adsorbate-induced
power absorption occurs at resonance for a pure parallel
adsorbate vibration is related to the fact that when 0 =0,
according to (1), Q =X, i.e., no relative motion occurs be-
tween the adsorbates and the collective motion of the
electron fluid in the metal. But for a frustrated rotation
some relative motion always occurs since different parts
of the adsorbate now have different parallel velocities.
Hence for a frustrated rotation it is impossible to elimi-
nate the frictional force between the adsorbates and the
collective emotion of the electrons. This discussion is
“classical” but the same effect occurs in a quantum-
mechanical treatment and, in fact, for a frustrated rota-
tion only such a treatment can predict the magnitude of
the antiabsorption peak.
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