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The internal heavy-atom effect on 3-phenylselanyl
and 3-phenyltellanyl BODIPY derivatives studied
by transient absorption spectroscopy†

Jamaludin Al Anshori, Tomáš Slanina, Eduardo Palao and Petr Klán*

Three monosubstituted 3-phenylselanyl and 3-phenyltellanyl BODIPY derivatives were synthesized and

their spectroscopic properties were characterized and compared to those of iodine and chlorine-atoms

containing analogues as well as an unsubstituted BODIPY derivative. The fluorescence quantum yields

were found to decrease, whereas the intersystem crossing quantum yields (ΦISC), determined by transient

spectroscopy, increased in the order of the H → Cl → Se/I → Te substitution. The maximum ΦISC, found

for the 3-phenyltellanyl derivative, was 59%. The results are interpreted in terms of the internal heavy-

atom effect of the substituents.

Introduction

4,4-Difluoro-4-bora-3a,4a-diaza-s-indacene (BODIPY) deriva-
tives have found extensive applications as fluorescent dyes and
biological probes due to their robust and easily tunable photo-
physical properties.1–8 BODIPY chromophores typically exhibit
very high quantum yields of fluorescence; the intersystem
crossing (ISC) quantum yield in most derivatives is negligible.
This prevents their use as triplet photosensitizers in photo-
catalysis, photovoltaics, photodynamic therapy (singlet oxygen
generation), or triplet–triplet annihilation upconversion.9

Nagano and his collaborators were the first to prepare a 2,6-
diiodo BODIPY derivative.10 The presence of iodine atoms
enhances intersystem crossing due to strong spin–orbit coup-
ling between singlet and triplet states (heavy-atom effect).11,12

High photoinduced cytotoxicity of this compound redirected
the investigations, and various bromo and iodo analogues
bearing different substituents5 as well as those with alternative
ISC promoters, such as heavy-metal-containing units, were
designed and studied.6,13,14 Such structural variations
improved the physico-chemical properties of the chromo-
phores and their cytotoxicities only in some cases.5,15 Heavy-
atom-free BODIPY dimers represent an alternative solution to
the design of triplet sensitizers.16–20 Structural variations of
this type as well as extension of the BODIPY π-system by styryl
or thiophene substituents shift the absorption band maxima

bathochromically to the NIR tissue transparency window (over
650 nm).21 Several aza-BODIPY analogues have also been intro-
duced as triplet photosensitizers.5

Important advances in the chemistry of selenium- and tell-
urium-containing organic compounds have been made in the
past few years due to their promising pharmacological pro-
perties and low toxicity.22–24 These compounds can be used for
sensing of reactive oxygen species (ROS), reactive nitrogen
species (RNS), and bioorganic thiols.25–27 Several examples of
Se- and Te-BODIPY ROS sensors, based on turning off–on
fluorescence in different oxidation states, have been
reported.28,29 In most of these examples, the Se- and Te-atom
containing groups are separated from the BODIPY chromo-
phore by a linker that still permits an efficient intramolecular
charge transfer (ICT) in their reduced form. As far as we know,
only two studies describe the synthesis of compounds that
have either Se or Te directly attached to the BODIPY core.30,31

In one of these studies, Vosch and coworkers used transient
spectroscopy and fluorescence single-photon timing experi-
ments to conclude that the presence of one or two of these
atoms dramatically reduces the fluorescence due to efficient
ISC.30 The triplet lifetimes and ISC quantum yields have not
been determined. In addition, the authors suggested that ICT
from chalcogen to the BODIPY core can be responsible for de-
activation of the locally excited state.

In this work, we present the synthesis and spectroscopic
characterization of several novel 3-phenylselanyl and 3-phenyl-
tellanyl BODIPY derivatives. Transient absorption spectroscopy
was used to determine the triplet lifetimes and ISC quantum
yields to evaluate the effect of chalcogen substituents as heavy
atoms. The spectroscopy results are compared to those
obtained with some other reference BODIPY derivatives.

†Electronic supplementary information (ESI) available. See DOI: 10.1039/
c5pp00366k
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