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The fluorescent lifetime of an emitting molecule near a liquid mercury sur-
face is proposed as a probe of the electronic structure of the mercury sur-
face. It is shown that this property is very sensitive to the conductivity pro-

file of the surface region.

THERE IS CURRENTLY an interest in the dielectric
properties of the surface of liquid metals.*™® Bloch and
Rice® have shown that the disagreement in the optical
constants for liquid Hg obtained by ellipsometric and
near normal-incidence reflection techniques¥~° can
be reconciled by assuming that the surface layer has a
dielectric function which is quite different from the
bulk. They interpret their results on the basis of an
Epstein-like conductivity profile™ for the surface region
whose form is
W (ab + | isw), W = exp (2nz/A),
M)
where o, and o, are the bulk and surface conductivities,
respectively. The quantity A determines the width of the
profile measured in the z direction, i.e. normal to the
Hg surface. The reflectivity of such a surface, particularly
at normal incidence, is not markedly different from that
of the sharp profile and is, therefore, not a sensitive
probe of such profiles. It is therefore of interest to find
new methods which are more sensitive to the details of
the surface dielectric profile. In this note, we suggest
such a method.

The reflectivity is a more sensitive function of the
presence of the profile when the angle of incidence be-
comes complex. In the case of frustrated total refelction
(FTR) a limited range of complex angles is accessible and
some increased sensitivity to the dielectric profile of
liquid Hg, relative to more conventional reflection tech-
niques, is observed.3 512 However, even with FTR it is

o(z) =
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difficult to distinguish between the Epstein profile and
an ellipsometric-sharp profile (i.e. a sharp profile with
the ellipsometrically determined optical constants).

In recent work we!3 and Tews'* have found that
the luminescent lifetime of an emitting molecule at a
distance d; from a partially reflecting surface can be
represented as an integral over all angles of incidence,
real and complex. For example, the lifetime of a vertical
dipole (L to interface) is given as

-1

T4 = Tw [1 —3qIm j Ry iy du/l, ()
0

where 7. and g are the lifetime and quantum yield in
the absence of the mirror, I, = —i(1 —u?})V% d, =
w\/€1d,/c, u =sin 6, 9 is the angle of incidence, and R,
is the reflectivity (polarized parallel to plane of inci-
dence). The form of equation (2) follows directly from
the original formulation of Weyl.1® As the distance d,
becomes smaller, the range of complex angles that are
important in the integration becomes larger. Therefore,
from the remarks made above, we expect the lifetime to
be a strong function of the dielectric profile of the sur-
face in the small distance (energy transfer) region. In
fact, it has recently been shown that the emitting mole-
cule couples directly to the surface plasmon modes. 1617

We have recently extended the above mentioned
calculations to the case of a multi-stratified medium.!
From this work, in agreement with Wait,'® we find for
the lifetime of an emitting dipole oriented perpendicu-
lar to a medium made up of ¥ — 1 layers
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Fig. 1. Geometry of multi-layer problem. The dipoie is
perpendicular to and a distance d, from a multi layer sys-
tem of &k — 1 layers — the last layer being semi-infinite in
extent.
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Fig. 2. Conductivity profile for liquid mercury surface. A
linear extrapolation toward the points ¥ = * 1 has been
used to obtain the modified profile which is used in all
calculations.
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Fig. 3. Normalized lifetime vs distance for liquid mer-
cury system with various emission frequencies. All life-
times are normalized by the results for a sharp profile
described by a Drude-like dielectric function with g, =
9.4 x 10'5 and 75, = 4.516 x 107 sec. The optical con-
stants for the elipsometric results are taken from refer-
ence 9.

The quantity &, is the parallel component of the reflec-
tivity of the multilayer system at a particular value of 6
(u =sin ). The geometry of the system is shown in Fig.
1. The close analogy between equations (2) and (3) is
obvious. Indeed, the expression for a parallel dipole can
be inferred from this analogy and the earlier single mir-
ror equations.}®1* For simplicity we will restrict our-
selves to the perpendicular case, (though there is a simple
factor-of-two relationship between the lifetimes for the
two orientations in the energy transfer region).'®

For illustrative purposes, we have applied equation
(3) to a model of the liquid Hg problem using a slightly
modified version of the Epstein profile. We assume a
Drude dispersion relation and take the parameters for the
profile [equation (1)] from reference 5: A = 6.28 A,
o, =480y, Ty~ 1, = 4.516 x 10" '®sec, and 0, ~ 9.4 x
10" esu. The normalized conductivity is then

_ o) _ WE9+ W

= (Twp ®

and is shown in Fig. 2 as a function of Y (= z/A). Also
shown in Fig. 2 is the slightly modified version of the
Epstein profile which we will use in the present series of
calculations. We have then for the distance dependent
dielectric constant

4ng,
w(l + Wy
)

The lifetime of the fluorescence of a molecule emitting
at a distance d; from such a surface was computed using

4nza,

1+ wr?

e(w,2) = el —x)—x
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equation (3). Up to 400 strata are necessary in some angles of incidence. Results are also shown in Fig. 3 for

cases for adequate numerical convergence. the ellipsometric profile and are seen to be easily dis-
The results are shown in Fig. 3 for e; = 1.50. tinguishable from the Epstein profile results especially

All lifetimes are normalized by the results for a sharp in the small distance region (d, < 60 A).

Drude profile. As d, gets smaller, the lifetime for the From the above, we see that the lifetime of an emit-

surface with the Epstein profile differs significantly from ting molecule near the surface of liquid mercury will be

that for the sharp profile surface. This is in agreement strongly affected by the surface dielectric profile and

with our earlier remarks about the inclusion of complex  thus will be a sensitive probe of such a profile.
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