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Abstract. Photochromic molecules can be interconverted between two
bistable conformations by light [1-3]. Irie and coworkers described a
strategy to achieve superior fluorescence characteristics and outstanding
switching characteristics of a photochromic unit by linking strong
fluorophores covalently to photochromic building blocks [3,4].
Accordingly, we synthesised molecular triads that consist of two perylene
bisimide (PBI) fluorophores covalently linked to a dithienylcyclopentene
(DCP) photochromic switch, see fig. 1. Such kinds of triads are promising
candidates for super-resolution microscopy like RESOLFT and PALM
[5,6], or can be used as optical transistors or memories [4,7].
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Fig. 1. Top: closed (left) and open (right) state of the photoswitchable triad PBI-DCP-PBI, where the
closed state is reached via illumination in the UV spectral range (325 nm) and the open state is
reached via illumination in the visible range (488 nm). Bottom: Energy level scheme of the closed
(left) and open (right) state of the triad. In the closed state, the excited state of the switch DCP lies
below the excited state of the PBI, energy transfer is possible and the fluorescence of the PBI is
reduced, whereas in the open state of the switch, energy transfer is not possible and the PBI shows
fluorescence.

Regarding super-resolution microscopy and a demand for miniaturization for transistors
and memories, single molecule applications are of great interest [8]. When studying the
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fluorescence of single photochromic triads under simultaneous illumination of visible and
UV light, the on/off-durations of the telegraph-like fluorescence intensity vary as a function
of the UV intensity [9]. The problem faced is that it is impossible to discriminate between
off-states that are due to illumination with UV light and those that are due to spontaneous,
yet unwanted and unavoidable blinking processes. However, a statistical analysis allows to
determine the probability for transitions to the off state by deliberate switching of the triad.
Such an analysis yields the positive predictive value p(S|+), that corresponds to the
conditional probability that the triad indeed has been switched (S) given that a delay (+)
between the onset of the excitation laser and the onset of the fluorescence has been
observed. For the 15 triads we examined, this probability amounts on average to 0.8+0.1
with a maximum of approximately 0.96 [10], sufficiently large for application in super-
resolution microscopy.
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