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The effects of a metal mirror on the lifetime of an 
emitting molecule has been the subject of several re
cent investigations. 1-5 Experimental results show the 
lifetime to vary dramatically as a function of the distance 
from a metallic mirror. Though image theory adequate
ly describes the large distance behavior, poor agree
ment is found at small distances due to near field ef
fects. 1,4 We have extended the theory to include such ef
fects; it is the purpose of this communication to briefly 
describe the theory and present some of the preliminary 
results. 

Since the theory is that of an oscillating dipole near a 
reflecting half -space, we may use the enormous body of 
research which has been done on this problem due to its 
application to radio and radar wave propagation with the 
earth as a reflector. 6 Our final result for the reflected 
radiation field at a dipole oriented in a dielectric (region 
1) parallel to, and a distance d from the dielectric
mirror surface (region 2) is 
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FIG. 1. Normalized lifetime of europium complex I as a func
tion of distance from a silver mirror. The solid curve is our 
exact classical result; the dashed curve is Kuhn's asymptotic 
results. In both cases the dipole is assumed oriented parallel 
to the mirror with a quantum yield of 0.85. The experimental 
data are taken from Refs. 1 and 4; optical constants are taken 
from Refs. 5 and 8 (nj=1.50, n2=0.06±0.02, andk2~4.11 

±0.007). 
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wherey=2n1wd/c, m=(a2-nUn~//2, Z=(a2_1)1/2, jJ.is 
the dipole moment, n1 is the real reflective index of re
gion 1, n2 is the complex refractive index of region 2, 
(n2 '" ~ + ik2), and w is the frequency of the dipole in the 
presence of the mirror. 7 The first term in Eq. (1) is 
the image field; the remainder are corrections to the 
image result which are extremely important at small 
distances and tend to zero for large distances. As
suming the emitting molecule to be a harmonically bound 
charge and proceeding in a fashion analogous to that of 
Kuhn, 1 we obtain Td/T ~=[1+(3qj3/2)J-\ where j3 
= Im(c 3E R /jJ.n1w

3), Td is the lifetime of the emitting state 
in the presence of the mirror, T ~ is the lifetime in the 
absence of the mirror, and q is the quantum yield of the 
emitting state. A similar prescription may be followed 
for the case of the dipole oriented perpendicular to the 
mirror. 

The numerical results are shown in Fig. 1 along with 
the experimental results2 for the Eu3+/silver system. 
Also shown in Fig. 1 are the results from Kuhn's the
ory1 for the same set of optical constants. 5,8 Our the-
0ry agrees well at all distances with the experimental 
data; in particular, the rising edge and the location of 
the first peak in the data are reproduced almost exactly . 
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FIG. 2. Normalized lifetime of europium complex I as a func
tion of distance from a silver mirror, and as a function of 
parallel component fraction (F" = 0.89) and perpendicular com
ponent fraction (0.11). The quantum yield is taken as unity. 
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Letters to the Ed itor 

Both theories are adequate for large distances. 

Drexhage4 has analyzed the same data in terms of a 
parallel component fraction (F II ) and a perpendicular 
component fraction (F .l). Assuming a random arrange
ment of dipoles (FII = O. 67; F.l = O. 33), he obtained a rea
sonable fit for the large distance behavior but again, 
since the metal was assumed to be a perfect reflector, 
poor agreement at small distances. We have proceeded 
in an analogous fashion and find for a reasonable fit to 
the experimental data, that F < 0.15. The optimum val
value is about F = O. 11 assuming a quantum yield of unity 
(see Fig. 2). We have applied the same theory to copper 
and gold mirrors3 with good results. 9 

~This research was supported in part by NSF and by the Re
search Corporation. 
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