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Results are presented for the classical theory of an emitting dipole located between two partiel mirrors. The calculated 
Iifeiime variations a:e in quantitative agreement with experiment for the si!ver/die!ecUiic /Eu3+/ air system. 

Recently, there has been considerable interest in 
the emission lifetime of an excited molecule as a func- 

tion of distance from a reflecting surface [l-16]. The 

experimental data of Dre.xhage [ I-31 have been inter- 
preted using various approximate theories for the 

dipole-mirror interaction. V4e have recently applied 
(9-I 21 the classical theory of wave propagation 
[17-201 near a single s?lrface to this probiem and 
found good agreement with experiment (as has Tews 
[Sl using a simLiar approqch). This agreement was not 
grfect, and it was suggested that the discrepancy ~3s 

related to the presence in the experiments of a second 

interface - that between the emitting molecule on the 
dielectric and the air iayer above. We have now com- 
pleted the theoretica! description of the expknent 
within the classical m&z1 by including this second 
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kterface. We find excellent agreement between experi- 
mcnt and theory (see fig. 1) from distances of = 50 A 

to 6000 A. We feel confident that this more complete 

description contains all the important aspects of the 
problem. The best fit for the model obtains with an 
isotropic.distribution (i.e.,213 parallel and l/3 per- 
pendicular) of dipoles on the surhce. The difference 

between the results including the air-dielectric inter 
face and those assuming a homogeneous dielectric me- 

dium surrounding the dipole is illustrated in fig. 2. The 
effect of introducing the second interface is to de- 
crease the emission rate of a perpendicular dipole with 

little effect on that of a parallel dipole [2,6]. For 
example, in the absence of the metal mirror, the ratio 
of lifetimes for the two orientations is approximately 
3 in these systems. 

The theoreticzI expression for the emission rate in 

the presence of two surfaces can be written in a form 
resembling that found for one surface by a suitable 
definition of the reflectivity. We find for the emission 

rate (divided by the rate in the absence of both surfaces), 
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Fis. 1. Norinalized lifetime versus distance (2 = 2neipd/X) 
for the silver mirror/fatty acid/Eu3+/aL qrstcm. The cxperi- 
mental data are those of Drexhage [l-3] ; the theoretical 
curve represenrs our best fit to the data with ZII isotcopic dis- 
tribution of dipole orientations and the quantum yield (the 
only adjustable parameter) equal to C!.75. Both the data and 
the th:oretical curve are normalized to approach one for 
loge d. The 0pticJl constants for silver arc taken from 
Johnson and Christy [21] (A= 6120 a). To convert distance 

,scalz to A multiply by 649.4 4. 

b” = 1 + $4 Im 7 dr(T/l)[@$+ (i--r’)@] , (lb) 

0 

where q is the quantum yield of the luminescent state. 
The remaining quantities are given by the following: 

&n = [R+;l &&?(l kR+2e-&S^) 

and 

Fig. 2. Cornpa~ison of results for a sin@ (i= -! and double 

mirror systems (f= 0) with an isotropic distribution of dipole 
orientations. The results 1-re in each CZ.C normalized to up- 
preach unity at Ixge k The solid curw is the same as that of 
fig. I escept that here 4 = 1. 

In the above, 2 is the distance from the dipole to 

region 2 in units of wavelength (d 3 2mi1'd/X) and 

S is the distance from the dipole to region 3 ir. the 

same units. In the present case (fig. 1 j we have a silver 

mirror in region 2, air in region 3, dielectric in region 

1: and s^= 0. In the absence of the second interface, 

we have S= m and recover our earlier results. The 
present form of the expression for the emission rate 
is written so as to resemble ‘closely that which would 
obtain when only the wave zone contribution is con- 

sidered [2,3]. In that case the upper limit of the inte- 

gral would be unity instead of infinity (and the cal- 
culated decay rate would correspond to the radiative 
component of the toral decay rate [ 121). 

The present theory can be readily extended to de- 

scribe many interfaces and a variety of experimcnhl 
conditicns. The exprimental data of Drexhage [l--3] 

for other metal mirrors, dielectric interfaces (see aIso 
ref. [6]), and dielectric matching (i.e., removal of the 

air interface) can now be quantitatively understood. 

We will present these results in a future publication. 
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