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Steady-state singlet excitation transport n ternary naphthalene crystals (C ;oH g/C | gDg/f-methylnaphthalene) fits diffu-
sion modclsat 4.2 K, but not at I 8 K, where 1t fits a percolation model

Simple diffusion models have repeatedly been sug-
gested for the “critical™ electronic energy transport
in substitutionally disordered binary crystals [1-3].
Our old naphthalene steady-state singlet data {4],
have been fitted to such models with apparent suc-
cess [2,3] We have recently pointed out [5] that our
low-temperature time-evolution studies do not {1t
homogeneous diffusion models. but do fit hetero-
gencous cluster kinetics We show here that our new
steady-state data can be fitted by diffusion models at
42 K but not at 1 8 K. This agrees with our recent
theoretical studies on the quantum-mechanical basis
for the clusterization of exciton states and the result-
ing percolative transport [6—8].

Experimentally, the sample composition was much
better controlled than in previous work {4,9]. Also
the evaluation of the relative intensities of the super-
trap and the guest fluorescence was much refined,
especially concerning the phonon side-band contn-
butions (see fig. 1). Detalls, as well as a complete de-
scription of the experimental procedures, are given
elsewhere [10] The experimentally determined ob-

servable

P=I /(s + 218)'

wherc /g 1s supertrap emission and J, guest emussion,
1s plotted against the guest concentration (fig. 2),
normalized with respect to the critical concentration
€y (the value of the latter is 0.75 mol fraction for
1.8 K and 0.63 for 4.2 K).
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[ig. 1. Guest and supertrap fluorescence spectra for the
ternary crystal system CgDg/C 1ot g/ BMN. The guest concen-
tration was vaned while maintaning a constant supertrap -
guest concentration ratio of 1073. This set of spectra was re-
corded at a temperature of 4.2 K. The BMN 0-0 zero-phonon
peak 15 located at 31061 cm™! for a 100% C 1gHg/BMN crystal.
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g 2 Trapping probabihty versus reduced concentration
C, 1s defined as the concentration corresponding to =0 5.
Experimental circles are 1 8 K data, tnangles arc 4 2 K data,
Theoretical: the solid and dashed lines correspond to percola-
tton and the Loning and IMayer calculation respectively, the
dot~dashed line was calculated using the Blumen and Silbey
modecl The Blumen and Silbey and the Loring and Fayer
curves assume octupolc—octupole transfer withina two-ds
mensional continuum. The experimental data and the perco-
lation and Blumen and Silbey curves are all with CSIC
0.001. The Lonng and Fayer curve kept C; constant al C=
0 001. Changing the Loring and Fayer curve to account for a
constant C, /C ratio would only add a small correction Asa
comparison, l‘Fllle Blumen and Silbey equations were calcu-
lated using C¢ = 0.001 then the result would lie half way be-

tween the dot—dashed and the dashed hines for C,/Cy 2 < 1 0,

for CE/C,,Z > 1.0 the result 1s essentially identical to the
Loning and Fayer curves.

Fig. 2, in addition, compares the expernmental P
(for CS/Cg = 10-3) with the diffusion and percolation
models, The percolation results were based on Monte
Carlo simulations [11] on a 400 X 400 square lattice
with NN interactions and a constant C¢/C, =103,
The Loring and Fayer and the Blumen and Silbey
curves are based on octupole—octupole transfer in a
two-dimensional continuum. The Blumen and Silbey
curve is for CS/C‘ =10-3. The Loring and Fayer re-
sult 1s based on C = 10~3 and with the adjustable
parameter set atR%— 8 A. The Blumen and Silbey
result for Cg = , however, would be identical to
that of Loring and Fayer for Cg >Cypp and twice as
close as shown in fig. 2 to the Lo:sing and Fayer curve
for C, <Cyyy The upshot from this 1s that the two
diffusion models give 1dentical results, within our ex-
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permmental uncertainties However, the difference be-
tween the diffusion and percolation model 1s signifi-
cant, especially in the vicinity of the critical threshold

The diffusion models obviously ignore the cluster-
1zation of guest sites and the concomitant energy mis-
matches (of cluster states), as they assume the high
temperature mit {or guest—guest transfer. At low
temperature, however, forward and backward trans-
fers can be very different, especially for longer-range
“hops™. In addition, the random hopping 1dea
(based on localized states) 1s more suspect at lower
temperatures Even at 4.2 K, where the diffusion
model does fit the data, 1t should not be taken too
hiterally. The fuiting parameter (R = 8 &), wath a NN
distance of 5 1 A and a lifetime of 120 ns, gives a
nearest-neighbor transfer time of 200 ps, while the
usual estimate [12] is =1 ps The slow transfer rate
may be a manifestation of an effective averaging over
slow back-transfer betwecn energy-mismatched
clusters, ctc.

The fit to the percolation model excludes the
supertransfer case {11] and has to be based on
models where transport mside the supercluster 1s not
infinitely fast but rather inefficient due to the rami-
fied topology This has been shown before [11,13)
both experimentally and via simulations, where the
simulations included a quasi-coherent (“correlated
walk™) description of the exciton motion nside the
disordered guest lattice A rough fit would be
achieved with a correlation value [131 of I 2 10,1¢
one scattermg event per ten or more transfers

In summary, our more refincd cxpernimental data
allow us to critically test current models of energy
transfer in disordered media The generalized diffu-
sion models of GAF [3] and of Blumen and Silbey
do fit the 4.2 K data, even though the resulting inter-
action parameter may be physically unrealistic. They
do nwt fit the 1 8 K data. The better fit of the perco-
lation model at 1.8 K 1s reasonable on two physical
counts The longer-range transfers are very inefficient
at 1 8 K in view of the cluster energy mismatchas,
and can thus be effectively 1gnored or “cut-of . The
shortest-range transfers at 1.8 K are quasi-coherent,
resulting 1n a sharp rise in transport efficiency as the
nearest-neighbor infinite cluster tapology changes
from cffectively one-dimensional (“rannfied”) to two-
dimensional.
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