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In a recent letter, Enderlein,1 reported enhanced single
molecule fluorescence in a nanometric metal-coated dielec-
tric bead. The enhancement of the fluorescence can be more
than one order of magnitude for a thin silver coating layer
down to 5 nm. They have used the standard numerical
method for the calculations, but the size-dependent dielectric
function for the thin silver layer was not included in the
calculations. It is well known that the dielectric function of a
small metal particle will become size dependent when the
size of the metal particle is much smaller than the electron
mean-free path of the bulk metal.2 The electron mean-free
path for bulk silver is about 57 nm, which is one order of
magnitude more than the thickness of the silver coating layer
in Ref. 1. In this case, surface-electron collisions will give a
dominating contribution to the damping mechanism of the
plasmon response of the silver shell rather than electron-
electron collisions. The larger damping as a result of more
frequent electron-surface collisions diminishes drastically the
field enhancement inside the nanocavity of the silver shell.
Hence, the results in Ref. 1 will not be reliable.

Except for the electron-electron collision with a fre-
quency � in metal nanostructures, the electron-surface colli-
sion frequency in the simple Drude theory is ��=VF / x̄,
where VF is the Fermi velocity and x̄ is the electron mean
path of the electron-surface collision. For complex metal
nanostructures, the exact value of x̄ is not obviously deter-
mined. For a spherical metal nanoshell, Averrit et al.3 just
simply took the shell thickness as the value of x̄. But the
tangential path can be larger than the shell thickness. In order
to calculate x̄, we use the following mathematical descrip-
tion. A random electron free path x of the electron-surface
collision can be either a line connecting the inner surface and
the outer surface of the shell, or a line with two ends on the
outer surface only. For the former case, x=r2 cos �

−�r1
2−r2

2 sin2 � �sin ��r1 /r2�, and for the latter case x
=2r2 cos � �sin ��r1 /r2�, where � is the angle between x
and the radius at the end on the outer surface, r1 and r2 are
the radii of the inner and outer surfaces of the shell, respec-
tively. Then, x̄ can be calculated,
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Similar to the size-dependent dielectric function of small
metal particles with a substitution of the bulk collision fre-
quency �0 to the modified collision frequency �0+�� in the
Drude term,2 the dielectric function of the shell can be modi-
fied as
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where �0=VF / l0 and l0 is the bulk electron mean-free path,
and �p is the Drude-type bulk-plasma frequency.

In Ref. 1, �bulk���=nm���2=−14.568+1.2i at 635 nm for
silver. For the silver shell with r1=25 nm and r2=30 nm,
which parameters correspond to the highest enhancement
factor in Fig. 4 of Ref. 1, we obtain x̄=12.6 nm, and
��� , x̄�=−14.523+2.025i. VF=1.39	106 m/s and 
�p

=9.2 eV for silver are used here. Although the real part of
the modified dielectric function ��� , x̄� is not dramatically
changed, the imaginary part of ��� , x̄� increases about 70%
more than in �bulk���. A large damping effect that diminishes
the field enhancement can be expected from the fundamental
electromagnetic theory. Moreover, the absorption of the
metal shell will increase significantly, roughly about 70% as
well. Hence, the results about the fluorescence intensity en-
hancement in Ref. 1 should be overestimated. The investiga-
tions of the influences to the fluorescence lifetime and the
photostability are thus not correct either.

As the author of Ref. 1 claimed, the results presented in
Ref. 1 can be important for the design of a new class of
fluorescent labels with significantly higher photostability and
increased fluorescence intensity. In order to help experimen-
talists achieve the true features of designed fluorescent la-
bels, we hope the author of Ref. 1 should reestimate the
original results with the correction of the size-dependent di-
electric function of the thin silver shell in their reply.
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