78 Notizen

Comments on the Mean Diffusion Length of
Luminescent Molecules in Solutions *

C. Bojarski
Institute of Physics, Technical University, Gdansk, Poland

Z. Naturforsch. 36a, 78—79 1981);
received October 20, 1980

The effect of concentration of donor and acceptor mol-
ecules on the mean diffusion length in solutions is dis-
cussed.

The influence of mass diffusion on the non-
radiative electronic excitation energy transfer
(NEEET) in luminescent solutions has been the
subject of numerous publications [1—3].

In the discussion of this problem several zones
have been distinguished limited by the critical
distance Rga for the NEEET from D* to 4 and by
the mean diffusion length 7, defined as [1]

o = (29 Top)1/2. (1)

In (1) Top is the mean decay time of fluorescence
(FL) of the donor D in the presence of the acceptor
A, and Z equals Zp + Za, where Zp and 2, are
the diffusion coefficients of D and A, respectively.

It follows from theoretical considerations that
mass diffusion should increase the efficiency of
NEEET [3, 4]. Results of experimental investi-
gations are ambiguous. Some authors report a
considerable influence of diffusion on NEEET [5, 6],
while only a slight or even negligible effect has been
observed by others [7, 8].

Such discrepancies might have arisen for many
reasons [3]. In our opinion, they may also be the
result of considering the diffusion length 7 to be a
constant independent of the concentration of D and
A in the solution.

1+ 72— (U5 +y*)f+aoaf(f+ 92 —05) —aoay®

Relation (4) is regarded as more general than for-
mula (3). Indeed, if monomer quenching is excluded

Values of 7y as calculated according to (1) are
correct only for Rpa > Roa, where Rp, is the mean
distance between D* and A. If, however, this
inequality is not satisfied at higher concentrations,
then the mean diffusion length 7 can be much
shorter than 7y due to the additional deactivation
channel for D* molecules by NEEET from D* to D
and 4.

For sufficiently high concentrations the time of
localization of the excitation energy on a D* mole-
cule,

7] :(ZkD*D + > kpsa + kr + kq)_1~
D n

can be much shorter than the decay time 7op (kp+p,
kp=a, k¥ and kq are the rate constants for NEEET
from D* to D, D* to A, FL emission and internal
conversion, respectively). In such a case the actual
diffusion length should be calculated from relation
(1) by substitution of Top with 11, i.e.

F= (29 n)l/2. (2)
The localization time 7) has been determined [9, 10]
to be
1+92—(15+98)f
1—f ’
y = 3a12(Cp/Cos + Ca/Cor) = ¥D + ¥a,
f =f(y) =a2yexp(y?) [1 — erf(y)].

Recently a more exact relation has been derived
[117:

3)

71 = ToD

71 = Top P (Y, «, %0) (4)

where

Py aa0) =" : e
«o is the probability of the excitation energy not
being degraded during its transfer between donor
molecules.
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;0 =yp[y . (5)

(xo=1) then for y4 > yp, «—0 and relation (4)
becomes identical with (3). For yp > y4 relation (4)
has a particularly simple form

71=7op(1 — ). (6)

Substitution of (4) into (2) leads to
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7= Fo[@(y, o, xo)]V/2. (7)
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