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The development of sensitive and selective fluorescent sensor

molecules is a fundamental goal in fluorometric metal ion
analysist Besides the search for new fluoroionophores for alkali
and alkaline-earth metal iodsnuch attention has been focused
lately on the design of probes for heavy and transition metal
(HTM) ions2 Here, not only selectivity, i.e., discrimination
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Figure 2. Absorption and emission spectré,c 480 nm) ofl (1.13 x

between chemically closely related cations, but sensitivity as well 10°° M) in the absence (no symbols, dotted line: fit of the CT emiggjon

represents a major problem, as many of these cations are know
as fluorescence quenchers via enhanced-gpibit coupling (e.g.,
Hg"),* energy or electron transfer (e.g., paramagneti¢)€u
Fluorescence quenching is not only disadvantageous for a hig
signal output upon complexation but also hampers temporal
separation of spectrally similar complexes with time-resolved
fluorometry® However, most common fluorescent probes undergo
nonspecific quenching with analytes such ad' ldgCu'.” Only

very few examples for probes showing a fluorescence enhance-

ment with HTM ions have been yet reporteRecently, we found
an extraordinary large fluorescence enhancemertq00) upon
complexation of alkali and alkaline-earth metal ions to donor-
substituted boron dipyrromethene (BDP) dy4&DP dyes com-
bine high photostabilit}f with high absorption coefficients: (>

50 000 M cm™1) and high fluorescence quantum yields &
0.5)}! and can be excited at rather long wavelengthSQ0 nm).
Combining this virtually decoupled probe design allowing for
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(fnd presence (at full complexation) of H¢m, 10-fold excess) and Ag

(O, 400-fold excess) in acetonitrile. Insert: Fluorometric titrationlof
(1.13 x 1078 M) with Hg" (m) and Ad (O) perchlorates in acetonitrile

h(/lexc 480 nm, FEF (LE) determined from the integrated fluorescence

intensity of the LE band).

efficient fluorescence switching with the selectivity of a recently
developed thia aza crown recepfdr yields dyel (Figure 1)
presented here which shows a strong fluorescence enhancement
selectively with H¢, Ag', and CU.

In 1 ther-systems of the BDP acceptor and anilino donor unit
are highly twisted* and thus largely decoupled. The absorption
spectra in solvents of any polarity show a narrow banes00
nm ( = 78000 M? cm™?) characteristic of the BDP chro-
mophore. No significant charge transfer (CT) band can be
observed. In contrast, the emission spectra are strongly solvent-
dependent. In solvents more polar than alkanes the fluorescence
is strongly quenched, and dual emission is observed (Table 1;
Figure 2). Excitation at the BDP absorption band leads to a locally
excited (LE) state which can undergo an ultrafast excited-state
reaction to a higly polar emissive CT stdt€.Whereas the BDP
localized, narrow LE emission band of mirror image shape at
~510 nm is insensitive to solvent polarity, the red-shifted, broad,
and structureless CT band shifts to lower energies with increasing
solvent polarity due to stabilization of the CT state. Time-resolved
fluorescence measurements reveal the prectsarcessor equi-
librium of the two excited states. The photophysical behavior of
analogous systems is discussed in more detail in ref 9.

In acetonitrile used for the complexation experiments, both the
ultrafast charge-transfer reaction and strongly forbidden character
of the CT emission follow from the low fluorescence quantum
yields of both the LE and CT emission, respectively. Taking the
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Table 1. Spectroscopic Data df in Various Solvents and dficHg", 1cAg', and1cCu' in Acetonitrile at Room Temperature

A(abs) A(em,LE)  4(em,CT) (@) (@) (2, LE), &
solvent nm nm nm ¢r (LE) @1 (CT) ps ps ps loKs

1 n-hexane 501 510 0.32 1850

diethyl ether 499 508 589 0.23 0.022 552 3030

acetonitrile 497 509 749 0.0001 0.0014 <3 495
1cHg" acetonitrile 500 511 0.59 3060 >578
1cAd' acetonitrile 498 508 0.22 2790 1290, 0.08 4,79
1cCu acetonitrile 501 513 0.25 3190 810 5.39d

2Too high to be determined with acceptable accuracy with the method empRipeds corresponds to an overall lds of the two conformers,
cf. ref 9. ¢ Relative amplitudes vary with Ctuconcentration? Titration spectra recorded 5 min after each step of cation addition.

effective rate constant for radiative CT* deactivatlgtf(CT) as the picture is more complex since actual binding of' Gu the
a measuré® the low value of 0.03«< 10° s™* calculated from the crown is fast but seems to include slower complex rearrangement
data in Table 1 supports these findings. For instance, for the kinetics?!
related pre-twisted compound 3-methyl-4-(methylamino)-ben-  The high complex stability constants @t-Hg" and 1cAg'
zonitrile showing dual fluorescence, a much larggf(CT) of (Table 1) and the strong FEF distinguithas a very sensitive
1.12 x 10° s~ was reported’ fluorescent probe in acetonitrile. Moreover, with a probe con-
As shown in Figure 2, reaction df with the thiophilic ions centration of 1.13«< 1076 M, Hg", Agd', and Cu could be detected
Hg" and Ad leads to complex formation. Among all the other up to the ppb concentration range, and no quenching hampers
HTM ions (CU', Ni", Cd', Zn", Cd', PH') investigated, a similar  the cation detection for metal ion concentratiorB0-fold excess
effect is only observed for CuThe changes in absorption are for Hg" and concentrations<10-fold excess for Gl respec-
minor, but even in the case of the fluorescence quenchets Hg tively.22
and Cd cation binding is accompanied by a large increase in  The high selectivity for these ions is manifested by the at least
LE fluorescence. In acetonitrile, fluorescence enhancement factorsp orders of magnitude smaller FEF for'NiFEF = 5.3), Cd
(FEF) of 5900 for H§ (more or less reaching the fluorescence (2.5), zr' (1.5), Cd (3.0), and Pb (35)23 Studies of the
quantum yield of the reference compougp'® 2500 for Cd, complexes in aqueous media (water/acetonitrile: 3:1) also show
and 2200 for Agcan be realized. The orthogonal setup prevents strong fluorescence enhancement in the case 8f(g= 0.58,
any ground-state interaction of both molecular fragments in the Fgg = 223) and Ad (¢: = 0.24, FEF= 92), but only a minor
complexes, and the shape and position of the absorption andeffect is observed in the presence of'GEEF = 2). Both1cHg'
emission bands resemble closely thos@ &#cking a donot® In and 1cAg' show monoexponential fluorescence decay kinetics
agreement with the observed chelation-enhanced fluorescence, th¢ith clearly distinguishable lifetimed€Hg": 7 = 3550 ps1c
fluorescence decay times of the complexes increase drastically.Agl; 71 = 2620 ps) which allow a simultaneous determination of
Monoexponential decay kinetics are found farHg", whereas Hg" and Ad.
for 1IcAg' and1cCu! the decays are biexponential. lThe relative  These results demonstrate that highly sensitive and selective
amplitudes of the two decay components BfAg' remain getection of Agand the widely known quenchers Hgnd Ct
constant over the entire concentration range and are independentan, pe achieved with a simple orthogonally decoupled fluorescent

of exc_itation and_ observation wavelength. T_his suggests the probe in an analytically advantageous wavelength region.
formation of two different complex conforménshich are closely
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degree of pyramidalization at the anilino nitrogen atom, and orbital
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Fits of the fluorometric titration curves yield 1:1 stoichiometries
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