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The transfer of the energy of optical excitation between the different chromophores of anthraqui-
none and perylene dyes has been controlled by their relative orientation. Such assemblies are basic
components for optical computers on the picometer scale.
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Introduction

Optical computing where the processing of electri-
cal energy is replaced by light quanta is very attrac-
tive for future technologies [1 – 3]. The replacement of
wires by optical pathways is of special interest because
light can cross without interference and thus, the com-
plex wiring of modern computers may be appreciably
simplified. Moreover, optical computers can operate at
very high rates because there are not the problems of
electrical computers such as inductivities of wires and
loading of parasitic capacitors. Chemical structures are
required for the handling of light and this has to be
done by suitable chromophores. Organic materials are
preferred because of their chemical variability and un-
critical recycling for mass production.

There are mainly three obstacles for the develop-
ment of optical computers: firstly the preservation
of the optical energy, secondly the low light-fast-
ness of many active optical components and thirdly
the comparably long wavelengths of light of about
0.5 µm. The former two problems can be solved by
the application of highly light-fast fluorescence dyes
where the fluorescence quantum yield is a measure
of the preservation of light-energy; light fast fluores-
cent dyes with 100% fluorescence quantum yield are
known [4].

The third problem sets a lower limit to the size of
conventional optical components and hinders the con-
struction of an optical computer on a molecular scale.
However, the development of molecular optics would
reduce the size of such components by a factor of 500.
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Results and Discussion

The limitation of resolution by the wavelengths of
light may be overcome by the transport of the energy
of light instead of the emission and absorption of light
quanta. This corresponds to the use of the alternating
current (ν = 50 Hz) with a problematic wavelength of
some 6000 km (λ = c ·ν−1) where the electrical energy
is handled on a human scale or even lower.

In analogy to such a transport of electrical energy an
energy transfer between chromophores can replace the
absorption and emission of light quanta in optical sig-
nal processing components. The transfer will proceed
rapidly if the distance between the two chromophores
lies within the Förster radius, that means between 2
and 3 nm for most combinations of similarly absorbing
chromophores. On the other hand, this Förster radius
would be the natural lower limit for the size of com-
plex arrangements of switching components for han-
dling energy transfer because going below this limit
would spread energy over many chromophores with-
out control; a solution of this limiting problem would
be the prerequisite for the development of optical com-
puters with very high densities of integration.

We studied the energy transfer from an an-
thraquinone chromophore as an energy donor to a
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Fig. 1. Switch for
energy transfer and
analogies with pre-
sentations of elec-
tric circuits.

perylene bisimide chromophore as an acceptor. An-
thraquinone (1) is non-fluorescent and only a fast en-
ergy transfer to the perylene bisimide unit (2) would
preserve the energy of excitation; on the other hand,
the perylene bisimide chromophore is highly fluores-
cent and can completely emit any transferred energy.

We have linked [5] the anthraquinone unit 1 closely
to the perylene unit 2 by the synthesis of the bichro-
mophoric dye 3a; both chromophores in 3a are elec-
tronically well isolated because there are nodes [6] at
the nitrogen atoms of 2 both in the HOMO and the
LUMO and both chromophores are placed nearly or-
thogonally by steric interactions, see Fig. 1. An in-
dicator for the isolation of the two chromophores is
the observation that the UV/vis absorption spectrum
of 3a in the region of long wavelengths is nearly con-
gruent with the spectrum of 2. A fluorescent quantum
yield of more than 80% was found for 3a if its pery-
lene chromophore 2 was irradiated with light having
wavelenghts greater than 450 nm, see Fig. 2. A sharp
drop to fluorescent quantum yields of about 40% is
found for shorter wavelengths where the anthraquinone
chromophore 2 absorbs light; this quantum yield cor-
responds to the ratio of absorptivities of the two chro-
mophores. One must therefore conclude that the en-
ergy transfer from 1 to 2 is not fast enough to com-
pete with electronic deactivation in the anthraquinone
unit and therefore cannot preserve the energy of
excitation.

A completely different situation is obtained if the
orientation of chromophore 1 is altered by 60 ◦ to give
the positional isomer 3b. The fluorescent quantum
yield of 3b remains high throughout the whole spectral
region, see Fig. 2. One must therefore conclude that a
very fast energy transfer from the 1 to 2 proceeds in 3b.
Thus, the efficiency of energy transfer is dependent of
the orientation of the two chromophores.

Fig. 2. UV/vis absorption spectra (E) of dye 3b (thick line)
compared with 2 (thin line) in chloroform; fluorescence
quantum yield (Φ) of 3b as a function of the wavelength
of excitation (upper noisy line), and fluorescence quantum
yield (Φ) of 3a (lower noisy line); emission at 577 nm. The
absorption spectra of 3a and 3b are very similar.

The energy transfer from 1 to 2 can be switched on
by controlling the orientation of the two chromophores
in suitable assemblies. This means that the flow of
energy can be guided even at a molecular level and
this is the prerequisite for the construction of com-
ponents for computers at such small dimensions. The
centres of gravity of the two chromophores are sep-
arated from each other by only 900 pm and the pe-
ripheries by only 140 pm and thus it could be demon-
strated that such switches for energy transfer may be
constructed in picometer dimensions. Other known flu-
orescence switches [1,7] quench the energy of excita-
tion by some chemical influence and cause the loss of
the energy of excitation, whereas the novel system can
actively switch on the transport of the energy of exci-
tation. Therefore, the transport of the energy of excita-
tion can be directed to different pathways by control-
ling the orientation of the components.
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Conclusion

The novel system opens the way for picometer tech-
nology. The concept will be also suitable for the con-
struction of quantum computers on a picometer scale
because single light quanta can be handled.

Experimental Section

Spectra

UV/vis spectra: OMEGA 20 from Bruins. The maximum
absorbance was 0.80/1 cm at 528.0 nm for 3a and 0.94/1 cm
at 527.8 nm for 3b in chloroform. Fluorescence quantum
yields were determined with a totally corrected [4] Fluores-

cence Spectrometer 3000 from Perkin Elmer by irradiation
at 490 nm and integration of the emission from 500 – 800 nm
(detector: R928 from Hamamatsu). Excitation spectra were
recorded with a totally corrected [8] LS50B spectrometer
from Perkin Elmer and referred to the emission at 577 nm.
The excitation spectra were normalized to the excitation at
490 nm and to the fluorescence quantum yield obtained by
integration.

For synthesis, spectroscopic and physical data of com-
pounds 3a, b, see lit. [5].
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