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Two chemosensors based on perylene derivatives linked by
urea were synthesized, and they show red color fluorescence and
response to fluoride anion selectively with fluorescence quench-
ing. The binding constants of these sensory systems to fluoride
anion were high up to �105 M�1.

Anions play an important role in numerous kinds of chemi-
cal and biological processes, and considerate efforts have been
devoted to design the receptors or sensors that have the ability
to selectively bind and sense anions.1 Recognition and detection
of fluoride anion are of special importance for monitoring fluo-
ride metabolism in nature, the analysis of drinking water, and the
detection of chemical warfare agents.2 Therefore, there is a need
to develop new selective and sensitive methods for fluoride de-
tection. Of all detected signals, fluorescence of the chemosensor
is particularly attractive on account of its simplicity and high
sensitivity. Swager and co-worker,3a for example, had utilized
a new fluorescence polymer for the detection of fluoride anions.
Gale et al.3b had shown that deprotonation of a functionalized
pyrrole provides a selective colorimetric method of sensing flu-
oride in acetonitrile solution. More recently, Kubo et al. reported
the red fluorescence sensor based on porphyrin to detect fluoride
anions, since that the red emission could avoid the noise from
biological background with blue fluorescence.4

In this paper, we synthesized new fluoride-selective fluores-
cent chemosensors TM1 and TM2 (Figure 1), and they show
significant red fluorescence quenching in the presence of fluoride
anions and result in the ability to visually detect fluoride anions
(from bright red color to fuchsia). The urea moiety was chosen
for binding site because it is powerful hydrogen bond donor5 that
can bind anions solely via hydrogen bonding. The highly fluores-
cent perylene-3,4:9,10-tetracarbonyl-diimide (PDI) chromo-
phore is chosen as fluorescent-monitoring unit because of its out-
standing chemical, thermal, and photochemical stability as well
as their near-unit fluorescence quantum yield with red colorful
emission.6

The synthesis routes of TM1 and TM2 were outlined in the
Supplementary Information (SI) based on the literatures.7 The
effect of anions (as tetrabutylammonium salts) on the fluorescent
spectra of TM1 and TM2 were investigated in THF, and the re-
sults show that the presence of F� resulted in decreasing of the
red fluorescence, while H2PO4

�, AcO�, Cl�, Br�, and I� almost
have no influence on the fluorescence. The compounds in this
study are selective to fluoride.

As shown in Figures 2 and 3, the presence of F� did not
change the absorption spectra of the sensory systems, but results
in the fluorescence quenching of TM1 and TM2, and the
quenching efficiency increases along with the increase of con-
centration of F�. In particular, upon addition of F� to the solu-
tion of the sensors in 32-fold excess, the fluorescence of the per-

ylene almost quenched completely. The fluorescence quenching
might be ascribed to a new charge-transfer process between elec-
tron-rich, urea-bound fluoride, and the electron deficient pery-
lene moiety and/or intramolecular energy transfer.1,8,9 However,
when Br�, Cl�, I�, H2PO4

�, or AcO� added in 32-fold excess,
nearly no obvious fluorescent change was observed (shown in
the SI).10 The selectivity for F� can be attributed to its high
charge density and small size, which enables it to be a strong hy-
drogen bonding acceptor. F� coordination to the binding site of
the sensors results in a quenching of the perylene emission. The
association constants11 were calculated to be 1:03� 105 M�1 for
TM1 and 1:017� 105 M�1 for TM2. The fluorescence quench-
ing efficiency achieved to about 35% when the concentration of
F� was one equiv. to TM2 sensor. The different sensitivity be-
tween TM1 and TM2 might result from the steric repulsion be-
tween the methyl group and the carbonyl group in the diaryl urea
‘‘bridge’’ in TM2. When binding with F�, the diaryl urea would
make a cofacial configuration or a �-stacked configuration be-
tween two perylene units, which should quench obviously the
fluorescence of the perylene.5b{d

The anion binding could be also investigated using 1H NMR
technique. The NMR spectral chemical shifts of TM1 and TM2
change dramatically in the presence of F�, as shown in SI.10

When 1 equiv. F� was added into the CDCl3 solution of the
compound, the aromatic proton signals in benzene shift down-
field or upfield. So the signals of the aromatic proton could be
used as probes for stoichiometry complexion. In TM1, Hc, Hd,
and Hg protons at the ortho position of urea group shown a mod-
erate downfield shift (�� ¼ 0:35 ppm and 0.45 ppm, respective-
ly).10 On the other hand, slight upfield shifts are observed from
Ha and Hf (�� ¼ �0:11 ppm).10 Obviously, fluoride anions bind
with urea N–H protons, which could cause Hc, Hd, and Hg pro-
tons to be downfield shifted by the hydrogen bond. An upfield
shift of Ha and Hf could be the result of the enhanced resonance
of phenyl electrons from the anionic character of urea nitrogen.
To determine the stoichiometry of the anion complexation, the
Job plots were constructed from 1H NMR titration data, as
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Figure 1. The molecular structures of the sensors.
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shown in SI. The formation of the 1:1 complexes was clearly
confirmed.10

In summary, new selective chemosensors with red fluores-
cent signal for fluoride anion had been constructed by binding
the urea to a soluble perylene. In contrast to most anion sensors
that rely on changes in color (absorption), this sensory system
utilized more sensitively and red emission signal only probed
fluoride anion. In spite of these successes, it is generally prefera-
ble for a fluorescence sensory signal to involve a new emission at
a different wavelength rather than a modulation of an existing
signal, because a new signal is inherently easier to be detected
than intensity change.1,3a We intend to apply this approach to
further analysis of interest.
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De Schryver, and M. Sauer, J. Am. Chem. Soc., 124, 14310
(2002). d) H. Langhals, J. Korolin, and L. B. A. Johansson,
J. Chem. Soc., Faraday Trans., 94, 2919 (1998). e) H.
Langhals and S. Saulich, Chem.—Eur. J., 8, 5630 (2002).

7 a) F. Würthner and A. Sautter, Org. Biomol. Chem., 1, 240
(2003). b) H. Tian, P. H. Liu, W. H. Zhu, E. Gao, S. M.
Cai, and D. J. Wu, J. Mater. Chem., 10, 2708 (2000). c)
H. Langhals, W. Jona, F. Einsiedl, and S. Wohnlich, Adv.
Mater., 10, 1022 (1998).

8 H. Miyaji, W. Sato, and J. L. Sessler, Angew. Chem., Int. Ed.,
39, 1777 (2000).

9 R. Martı́nez and F. Sancenón, Chem. Rev., 103, 4419 (2003).
10 The synthesis, NMR spectra, electrochemical data, fluores-

cent lifetimes and the fluorescent spectra sensing for other
anions were described in the Supplementary Information in
detail.

11 K. A. Conners, ‘‘Binding Constants,’’ John Wiley and Sons,
New York (1987).

450 500 550 600 650 700

0

50

100

150

200

250

300

Ex=450 nmIn
te

ns
it

y/
a.

 u
.

Wavelength/nm

 blank
 1 equiv. F- 
 2 equiv. F- 
 4 equiv. F-

 8 equiv. F- 
 16 equiv. F-

 32 equiv. F-

Figure 3. Fluorescence titration spectra of TM2 (10�6 mol/L)
with n-Bu4N

þF� in THF at 25 �C (Ex = 450 nm).
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Figure 2. The absorption spectra and fluorescence spectra
(excited at 450 nm) of TM1 and TM2 in THF.
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