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The effect of an interdonor energy transfer is investigated on the following donor-acceptor
systems in thin rigid cellulose acetate films: anthracene and tetracene (I), 9-methylanthracene
and 2-aminobenzophenone (II), 9,10-diphenylanthracene and 2-aminobenzophenone (III). The
donor quantum yield and fluorescence anisotropy in systems I — I I I are in good agreement with
theoretical predictions for a model of a multi-step excitation energy transfer process. In mixed
two-component solutions the donor fluorescence anisotropy is higher than in single-component
solutions, indicating an interdonor excitation transfer preceding the donor-acceptor transfer in
these binary systems.

1. Introduction

In mixed solutions of luminescent molecules,
radiationless electronic excitation energy transfer
occurs between identical and different molecules as
well [1—6]. In the present paper the fluorescence
quantum yield and concentration depolarization of
a donor is studied in order to obtain information
about the interdonor energy migration preceding
the donor-acceptor energy transfer.
2. Experimental

The fluorescent molecular systems
(I) Anthracene (A) and tetracene (T),
(II) 9-methylanthracene (9 MA) and 2-aminobenzophenone (2ABP),
(III) 9,10-diphenylanthracene (9,10 DPA) and 2aminobenzophenone (2ABP),
were investigated in thin rigid cellulose acetate
films obtained by dissolving acetylcellulose (Fluka
AG) in acetone, which was subsequently evaporated. The best films were obtained by dissolving
20 g of acetylcellulose in 1 litre of acetone. The
evaporation time varied from two to ten days,
depending upon the amount of solution. It was
* Carried out under problem MR. 1.5.
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found that during the evaporation of acetone the
dissolved luminescent molecules also partly vaporized. Therefore the concentration of the luminescent molecules in the films was determined spectroscopically by measuring the absorption.
The extinction coefficient, e(v), of the mixed
solutions was found to be additive:
e(v) = e D ( f ) -f e A (v),
with £D and £A the donor and acceptor extinction
coefficients, indicating that in the ground state
neither complexes of donor, nor of acceptor molecules are created.
To repress reabsorption and secondary fluorescence effects the investigations were carried out at
low optical densities [7]:

where £max(v) denotes the decimal molar extinction
coefficient, C the molar concentration (10 - 2 to
5 • 10~2 M), and d the thickness of the cellulose
acetate film, 3 • 10 -6 m, measured by means of
an interference-polarizing microscope).
The absorption spectra were measured with Zeiss
Specord UV VIS and Beckman Model 25 spectrophotometers. The fluorescence spectra and relative
donor quantum yield were obtained with a method
described previously [7, 8] and the fluorescence
anisotropy was measured with a self-recording
Polarimeter [9—12]. For high concentrations, the
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fluorescence anisotropy was corrected for selfquenching [13]. The samples were excited by light
with a wavenumber of vexc = vo-o •

where
f{y) = j/rcy exp(y 2 )[l - erf (7)],

a) Donor Fluorescence Quantum Yield in
Excitation Energy Transfer
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Then the donor fluorescence quantum yield depends
on the donor concentration in the solution.
According to a theory of Bojarski and Domsta
[15, 16] on multi-step energy transfer from donor to
acceptor molecules, the following expression holds
for the donor fluorescence quantum yield:
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where
(D, D) and Jf (D, A) are the donor-donor
and donor-acceptor overlap integrals, respectively.
Table 1 summarizes the parameters characterizing the molecular systems under investigation,
determined from the absorption and fluorescence
spectral overlap, and absolute donor quantum
yields (rj0)
Figure 1 shows the results obtained from the measurements of the relative fluorescence quantum
yield of systems I—III, for different values of the
parameter y according to (8), and theoretical curves
calculated from (4). It can be seen that the empirical
results obtained are in good agreement with the
predictions of the Bojarski and Domsta theory [16]
1 Respective formulas can be found in previous parts of
the present series of papers [17—18]. The value of the
refractive index for each system was the same and equal
to 1.479. The value of the orientation factor <x 2 > describing
the angular dependence of the dipole-dipole interaction,
was assumed as 0.476 [19]. C 0 = 3000/4 N RQ* • N is the
critical concentration; Ro is the Förster critical distance for
the excitation energy transfer, determined from the spectral overlap; N is the Avogadro number.
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The participation of interdonor migration in the
energy transfer to the acceptor molecules will therefore depend on the ratio of the reduced donor and
acceptor concentrations:

(1)

(CD, COD and CA, COA are the concentrations and
critical transfer concentrations of donor and acceptor, respectively), which corresponds to a one-step
radiationless energy transfer from the donor to the
acceptor molecules according to the scheme

— D + D* +

'

y = yn + yx

Excitation energy transfer in donor-acceptor
systems appears as sensitized fluorescence of the
acceptor molecules, accompanied by a drop in the
donor fluorescence quantum yield. The older
Förster theory [14] assumes no energy migration
between the donor molecules, which holds if

D* + D +

(5)
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3. Results and Discussion
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Fig. 1. Relative donor fluorescence
quantum yield 77/770 quenched by
the acceptor molecules in cellulose
acetate film for different values of
y in the systems
(I) A + T
( 0 / 5 = 0, y — 0;
A ß = 3.6, y = 1.54;
• ß = 15, y = 3.93).
(II) 9 M A + 2 A B P
(O ß =
• ß =
• ß =
Aß —

0,
y =
1.0, ^ =
4.0, y =
10, y =

0;
0.65;
2.6;
6.5).

(III) 9,10DPA + 2 A B P
(O ß = 0, y = 0;
U ß = 0.5, y = 0.59;
A ß = 4.0, y = 4.72;

• ß = 10, ?/= 11.8).

which takes into account the interdonor migration
in the excitation transfer to the acceptor.
The contribution of the interdonor energy migration can be represented by half-concentrations,
[M], at which 77/770 = 0.5, together with respective
critical distances
R 0 ' = (194.32/(7^)1/3 [A],
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(cf. [6]).
The ratio of RQ to (i?o')y=o > i e . for constant but
very low donor concentrations, is independent of
the donor-acceptor system chosen (cf. Table 2 and
Figure 2).
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Fig. 2. Relative increment in the critical distance Bo'/
( t f o V o for excitation energy transfer as a function of
parameter y (according to Table 2).
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Fig. 3. Relative donor fluorescence anisotropy ro/roD versus donor concentration CD for different values of y in unary
(A, 9MA, 9,10DPA) and binary systems: (I) A + T ( • CA = 0 ; O 0 = 15, y = 3.91; A 0 = 3.6, y = 1.54). (II) 9MA + 2 A B P
(• CA = 0 ; o 0 = 1 0 , y = 6.5; A 0 = 4.0, t/ = 2.6; • 0 = 1.0, y = 0.65). (Ill) 9,10DPA + 2 A B P ( • CA = 0 ; o 0 = 1 0 ,
y —11.8; A 0 = 4 . 0 , ^ = 4.72; • 0 = 0.5, y = 0.59).

b) Donor Fluorescence Anisotropy and the Migration
of the Excitation Energy
The effect of the interdonor migration upon the
fluorescence anisotropy was also investigated for
the systems under study. According to qualitative
theoretical considerations in our previous paper
[6], one can anticipate different effects of the donor
fluorescence anisotropy in unary and binary solutions. If migration and transfer of the excitation
energy are assumed to occur from the lowest vibrational levels of the electronic excited states, the
effectiveness of both processes will depend only on
the value of y. With y fixed (y > 0) the concentration depolarization of the donor fluorescence will be
accompanied also by the acceptor of the second
component.
Figure 3 shows relative fluorescence anisotropics
for unary (anthracene, 9-methylanthracene, 9,10diphenylanthracene) and binary (systems I—III)
films versus the donor concentration for different
values of ß = C D / C A and y. As the acceptor concentration grows (or y decreases), the decrease of the
emission anisotropy with donor concentration dimin-

CA[M]

Fig. 4. Relative donor fluorescence anisotropy ro/roD of
9 M A ( • ) and 9,10DPA ( o ) versus the concentration of
2 A B P (acceptor) at fixed donor concentrations.
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ishes, indicated by the enhancement in the halfconcentration.
The dependence of the relative fluorescence
anisotropy on the acceptor concentration for
selected donor concentrations is shown in Figure 4.
Good agreement is found with the discussion of
equation (3) with (5) in our previous paper [6].
For low donor concentrations (e.g., CD = 10~3 M
for 9-methylanthracene) RO/ROD = /(CA) is close to
unity, and in principle does not depend on the
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