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The time.—depehdence of long-range energy transfer by dipole-dipole interaction depends on
the dimension of the systems considered. This may provide a possibility to distinguish between
different molecular arrangements such as.spheres, discs or rods.

N - Introduction

The statistics of long-range energy transfer by dipole-dipole interaction from
excited ‘donor molecules to unexcited acceptor molecules was firstly treated by
FORrsTER [1] and GALANIN [2] for statistically distributed donor and acceptor molecu-
les. Later on the influence of additional diffusion on the energy transfer was inves-
tigated by a number of authors [3, 4] and, e.g. applied to energy transfer (‘excitons’)
in molecular crystals [5,76]. In this paper we will extend the previous treatments for
rigid solutions to two- and one-dimensional systems, i.e. for example energy transfer
on surfaces or along molecular chains, respectively. It is to be expected that different
dimension lead to differences in the time behaviour of the energy transfer. The
following section deals with statistically distributed donors and acceptors in ‘infinite’
systems and the last section with single donor-acceptor pairs in finite systems of
molecular dimensions. Throughout this paper we always assume that diffusion effects
are negligible.

Long-range energy transfer in infinite systems of different dimensions

The time-dependence of the concentration ¢}, | of excited molecules (proportional
to the donor fluorescene intensity) after d-excitafion may be derived from [7]

dc* . .
o = —npch, — P, (M

where np is the re01proca1 hfetlme of the donor fluorescence without energy transfer .
and &3,(¢) is given by

P5(t) =c, fexp[—W(r)t]a,,,r’"—’dr. #)]
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The subscript m in Eq. (2) is the number of dimensions (m=1, 2, 3) of the system.
The superscript s indicates that we deal with statistically distributed molecules.
¢4 is the volume concentration, surface concentration or linear concentration of
acceptor molecules for the three-, two- or one-dimensional case, respectively. Accor-
ding to FORSTER [1, 8] the energy transfer rate W(r) for dlpole drpole mteractron
is given'by” -+ g -
. 6 -
r o

- W(r) = np (To] = 3)

The factors a,, in (2) are

a,=2, a,=2r and a,=4n. . @)

Evaluation of (2) and integration of (1) leads for §-excitation of the donor molecules
in the three-dimensional case to [1, 2, 6, 7]

. : o ch,(¢) = chexp [—n pt—Cy %n_ (mat )V 2], ' ©)
in the two-dimensional case to ' '
¢h, (1) = chexp [— npt—cy % (at )1/3], ) ) (6)
and in the one- d1mens1onal case to. _
G (1) = cBVexp [—npt—2.26 c,,(ar)lfﬁ] o )
The acceptor fluorescences are determl_ned hy the expressron o T
L . ."dc",;' o .
, R i nAcA +¢’(t)c,, (t) S - ®

whrch transforms for 6- excrtatron of the donor molecules into

RO é’xp(—nu)‘f exp(nA?')cDm(t’)¢ (f)dt . ©)

where cﬁm is the concentration of excited acceptor molecules. As shown is ref. [7]
the differences between the acceptor fluorescences for the different dimensions are
even more distinguished than those of the donor fluorescences. .

_l_;o,ng-range energy transfer Jor single donor-acceptor pairs in finite systems

In this section we assume a solutron wh1ch contains ﬁmte systems of molecular
dimensions such as spheres, discs or rods. A number of these molecular arrange-
ments shall be occupied by single (immobile) donor-acceptor pairs. Diffusion effects
and interaction between different pairs (in different finite systems) shall be neg-
ligible. This may, e.g. be realized in micellar solutions (9, 10). If the donor-accep-
tor distribution in the molecular arrangements is glven by a dlstrlbutron functlon

p(r) with

[ p(dr=1 (10)

Y



LONG-RANGE TRANSFER IN SY'STE,MS‘ OF DIFFERENT DIMENSIONS 91

(rmax: maximum distance between donor and acceptor molecule in the finite system)
the donor ﬂuorescence after d-excitation ma be evaluated with -

Fmax

ek ="¢f0 exp( nDt)j exp[— W(r)t]p(r)dr .

This has been done in Ref. [7] for various distributions p(r) for both donor and
acceptor fluorescences. Here we will only give approximate results for short times
based on a simple analogy to the infinite systems. Since the dipole-dipole energy -
transfer is mainly governed by the probability of finding. an acceptor molecule in
the immediate sorroundings of an excited donor molecule we may obtain approximate
results by using the formulae for infinite system (5—7) and as an effective accep-
tor “concentration” 1 molecule per finite system, e.g., per sphere, disc or rod.

‘As:an first example .we treat the case of a sphere (radlus R) where the donor
molecule i$ fixed in the centre and.the acceptor molecule is,-on the average, equally
distributed around it. With c,=1/ (4nR%[3) we obtain after: 5 exc1tat10n with (5)
for three-dimensional energy transfer .

cD ~ ¢} exp[ nDt——Rg(?raz)yZ], (12)
which should be a good approximation at least for short times. If the donor is fixed
on the surface of the sphere the effective acceptor concentration must be divided by
two due to obvious geometrical reasons. This leads to

c xlc*"exp [—n t>———‘l—(mt)1’2]. (13)
‘ : D : D. D 2R3 . : .

- If both molecules, donor and acceptor, are fixed on the surface on statistical posi-
tions the energy transfer may be approximated at least in the very beginning as a
two-dimensional process with an effective acceptor concentration per area c¢, =
=1/(4nR?). So we get with (6)

cp ~ clexp [—nDt————(at)”3] ‘ (14)

The same concept yields for a donor fixed in the ‘centre of a disc (radius R) and.the
acceptor statistically distributed around it with ¢,=1/(zR? for short times

¢} ~ chlexp [—— Rpl~2ms (at)1/3] (15)

For a rod (length L) where the donor is fixed in the middle, or at least not too near
to an end of it, we obtain with the effective concentration per length ¢, =1/L

ch =~ ciexp [——nDt _2-26 (cxt)l/“]. (16)
The formulae (12—16) are only valid for the beginning of the energy transfer. After-
wards the finite character of the systems essentially influences the kinetics of the
luminescence quenching. More thorough calculations based on (11) are given {in
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ref. [7] especially for the acceptor fluorescences which are also in the case of finite
systems more sensitive to the dimensionality of the energy transfer. As discussed
extensively in this paper it is helpful for the determination of the shape of molecular
_arrangements, e.g., of micelles [10], to measure the time-dependence of the fluores-
cences of single donoracceptor pairs affixed to the molecular systems to be inves-
tigated.

.
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JAJIBHOAENCTBYIOWWN MMEPEHOC C—)HEPI‘I/Iﬁ B .CUCTEMAX
PA3JINYHBIX PAZMEPOB

V. I'ézene, U. K. A. Knenn u M. Xaysep
3aBMCHMOCThL JANBHONEHCTBYIOIETO NEPEHOCA SHEPTHH OT BPEMEHM MO MEXaHH3MY OHMONb-

IANONBHOTO B3aMMOIEHCTBASA 3aBHCHT OT Pa3MEPOB HCCNEAOBaHHBIX cCUcTeM. Ha ocHOBE 3TOrO BO3-
MOXHO Pa3IYMTh MOJICKYJIAPHOC PACNOJOKEHHE B TAKMX CHCTEMAX KAK IIAPHI, TMCKH H CTCPXKHH.



