A novel caesium selective fluor escent chemosensor
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A novel caesium selective fluorescent chemosensor has been
designed and synthesized; the chemosensor exhibited a
selective fluorescent enhancement in the presence of other
alkali metal ions.

The rapid and selective measurement of trace ions in situ has
significant environmental and biological applications.r The
selective sensing of trace amounts of caesium is important in
detecting lesks from nuclear waste storage tanks (137Cs in
particular), which may cause serious problems to the environ-
ment.2 Currently, there is no method available for in situ
guantitative determination of Cs* in nuclear solutions. Very
recently, Dabestani and coworkers developed afirst-generation
caesium selective fluorescent chemosensor based on a calix-
[4]arene derivative.3 Nevertheless, it is still necessary to
develop more sophisticated and more selective caesium chem-
osensors that can be easily handled.

Recently, we reported a highly selective fluorescent chem-
osensor for potassium, a dicyano-substituted distyrylbenzene
derivative containing two 15-crown-5 rings which has a low
emission quantum yield in acetonitrile (¢=0.001).4 Studies
showed that the high potassium selectivity of the sensor upon
the complexation of potassium ions results from formation of a
sandwich complex between the 15-crown-5 and a potassiumion
that leads to a large enhancement of the fluorescence of the
disytrylbenzene derivative. We have denoted this type of
fluorescence enhancement Self-Assembling Fluorescent En-
hancement (SAFE) since the luminescence is believed to result
from formation of a structure in which each crown of the
fluorophoreis part of a sandwich complex.> Herein, we report a
novel caesium-selective fluorescent chemosensor 1 that con-
sists of a dicyano-substituted distyrylbenzene derivative and
two 18-crown-6 rings.6
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In acetone solution, 1 shows a broad absorption a 380 nm.
With the addition of Cs* ion [CS(CFsCOy) in acetonitrile], a
dight decrease of the absorption is observed. However, a
significant changeis observed in fluorescence spectraof 1 when
Cs+ ions are added as shown in Fig. 1. The fluorescence
intensity is enhanced significantly and the fluorescent peak red-
shifts from 482 to 526 nm. The insert in Fig. 1 shows the
titration curve of 1 with Cs*. Stoichiometry studiesindicate that
1formsal:1 complex with caesium ion, indicating that each
Cst ion coordinates to two 18-crown-6 moieties. At saturation
in acetone solution the maximum fluorescence intensity of 1
complexed with Cs* isabout 20 timesthat of free 1. Other alkali
metal ions such as Li*, Na* and K+ were also examined. No
significant fluorescent enhancement was observed with any of
these, even though 18-crown-6 is known to bind K+ strongly.”
The results strongly suggest the formation of a sandwich
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complex consisting of two 18-crown-6 substituents and Cs*. A
similar fluorescence enhancement of ca. 12-15 times was aso
observed when CsF was used as a cation source. Stability
constants, expressed as log K, determined assuming 1:1
complex formation are 4.3 in acetone and 57 M-1 in
chloroform—acetonitrile (9:1, v/v).

The fluorescence behavior of 1 in the presence of Cst is
strongly dependent on solvent. In acetonitrile, sensor 1 shows a
similar fluorescent enhancement when Cs* ions are added, but
the enhancement is significantly lower than that in acetone. The
saturation enhancement is only afactor of 4 in acetonitrile. The
diminished enhancement could be due to a variety of factors
such as differencesin the emission quantum yield of the Cs(1),
sandwich complex in the two solvents or competitive formation
of other Cs*/1 complexesinvolving acetonitrile displacement of
acrown [i.e. formation of Cs(1)(MeCN),, complexes]. The use
of mixed solvents containing chloroform and a small amount of
acetonitrile (9:1, v/v) results in a much larger fluorescence
enhancement than observed in pure acetonitrile. The titration
curve, monitoring emission at 512 nm, is shown in Fig. 2. An
enhancement of afactor of 20 isobserved when two equivalents
of Cs* ion are added to solutions containing 20 uM 1. However,
the luminescence intensity decreases with increasing Cs*
concentration above Cs*/1 ratios of 2 (no new emission with a
different maximum is observed). The decrease may result from
break-up of the sandwich structure to form 1:1 (Cs*: 18-crown-
6) complexes with the excess Cs* present. Results from 1H
NMR measurements support this hypothesis.® It should be
noted that the fluorescence enhancement observed in acetonein
greatly diminished upon addition of water as a cosolvent. For
instance, acetone-water (9: 1, v/v) little changein luminescence
occurs with less than aten-fold excess of Cs* and the maximum
enhancement observed is only a factor of 3.5.
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Fig. 1 Fuorescence spectral change upon the addition of caesium ions in
acetone, [1] = 2 X 10—5 M. Theinsert shows the titration curve of Cs* in
acetone (monitored at 526 nm, excited at 350 nm).
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Fig. 2 Titration curve of 1 with metal ions ([1] =2 X 10—5 M) monitored at
512 nm.

The selectivity of this novel sensor for Cst was aso
examined by competition experiments. Fig. 3 shows fluores-
cenceintensity changes upon addition of Cs+ when either K+ or
Na* is also present. Although K+ and Na* each cause some
interference to the fluorescence response at the beginning stage
of the addition of Cs* ions, the fluorescence is turned on when
[Cst]/[K+] or [Cs*]/[Na*] reaches ca. 1:4. Further increasesin
the Cs* ion concentration lead to increases in the fluorescence
intensity until aplateau in the emission isreached at [Cs*]/[M*]
and [Cs*]/[1] ratios of 1:3 and 5:1, respectively. Competition
studies between the Cs* ion and K+ or Na* ions are aso
consistent with the assumption that only the formation of a
sandwich structure will result in the turn-on of the fluores-
cence.
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Fig. 3 The fluorescence intensity change upon the addition of Cs* ion in
acetone in the presence of K+ and Na* ([K*] = 3.75 X104 M, [Na*] =
3.75 X 10—4 M). Theintensity was monitored at 526 nm; [1] = 2 X 105
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