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Considerable research has been recently focused on the specific a b c d e
detection of inorganic anions because of their important roles in
biological, industrial, and environmental processes. Recent re- A
views!2 reported the different ways to specifically detect a given
anion in the presence of the other anionic analytes. Many systems
capable of recognizing, sensing, and transporting negatively charged B
species are based on supramolecular chenistiyich allows one
to design anion-sensing receptors with new selectivities. The
detection of anions is observed by spectroscopic or electrochemical 06
means upon anion binding to the receptor. Some examples of

selective chemosensors made with small molecules were described 8 04
for fluoride*® nitrate® and cyanidéanions. Moreover, the use of C E
polymeric membranes doped with various metalloporphyrins ex- S 021
hibits a highly selective and reversible response to chloridé ion. <
Some conjugated polypyrroles were also reported for iodochPomic 0.0

property. However, there is still a challenge to find new anion- : . . . ,
. . . . . . 300 400 500 600 700 800
selective optical sensing. Among the range of biologically important Wavelength (nm)

anions, iodide is of particular interest due to its essential role for Figure 1. (A) Photographs of solutions of (a) polym&i(110L of 1.66

thyroid _gl_and function. In_ additior_1, elemental iodine _is used in_ x 104 M on a monomer unit basis), ()+ NaF, (c)1 + NaCl, (d)1 +
synthesizing some organic chemicals, in manufacturing dyes, in NaBr, (e)1 + Nal. (B) Assays of photographs A, 4 days after. The quantity
medicine (its radioactive isotope), in analytical chemistry, and in of all salts used here is & 10°® mol. (C) UV—Vis absorption spectra
other applications. We report here new water-soluble cationic c0rresponding to the different assays in photograph A.

polythiophene derivatives which can easily optically detect the gcpeme 1. Synthesis of Polymer 1

presence of iodide over a wide range of other anions (-, Br-, HsC  O-(CHy)m-Br H3C 0-(CH2)5'®
CO2, HCOy, HPO,~, HPQZ-, CH,COO", EDTAY SOZ-, U CHACN U e P
(CeHs)4B 7). This simple, rapid, and versatile methodology is based S I;JB S CIIHs
on the different electrostatic interactions (self-assembly of two H3C/<N
opposite charges) and the conformational change of the cationic (';H3
poly(3-alkoxy-4-methylthiophene).

The new monomers were prepared according to our previously HaC O-(CHy)nr ‘) =3 (Polymer 1)
published procedure for the specific detection of nucleic a€ids. FeCls J N\ HC N~ ¢ m=2 (Polymer2)

|

The corresponding polymers and 2 were obtained from an BuNCI s T, CHs
oxidative polymerization in chloroform by using FeCis the

oxidizing agent (Scheme 1) As expected, all polymers are soluble

in aqueous solutions. All tests described in this paper were carried
out at room temperature, in deionized water. The aqueous solution
of the cationic polymetd is yellow with a maximum absorption
wavelength {may) at 406 nm (Figure 1A,a and C,a). This absorption
maximum at a short wavelength should be related to a random-

coil conformation of the polythiophene derivative, as any twisting )
of the conjugated backbone leads to a decrease of the effectiveVith Other sodium salts, such as 188, Na;COs, NaHCQ;, NaH,-

conjugation length? The same UV-vis spectrum was observed ~POs N&HPQs, CHCOONa, etc. Under identical conditions [see
upon addition of 5x 10-8 mol of NaF to the solution of polymer ~ Supporting Information (Sl)], the color of all mixture solutions stays

1 (Figure 1A,b and C,b). The presence of NaCl (Figure 1A,c and Yellow with Ama < 440 nm. In addition, similar results were
C.c) or NaBr (Figure 1A,d and C,d) induced a slight red sHift.¢ observed when the sodium cation was replaced by a potassium (SI).
= 412 nm for NaCl and 423 nm for NaBr). This displacement Figure 2 shows the ratio of absorbance measured at 540 and 400
toward lower energy valueslf. = 543 nm) becomes more  NM (Asa/Age0) Versus the increasing amount of different anions
important when Nal was added to the cationic polymer solution added. These optical results confirmed that the positively charged
which instantaneously changed color from yellow to red-violet polymerl is selectively sensitive to iodide ions and independent
(Figure 1A,e and C,e). The violet form shows an absorption of the nature of cation. However, some anionic (mainly hydro-

Anionic Exchange

spectrum like that obtained in the solid state. These results show
the important influence of iodide anions which promote the
aggregation and planarization of polynierAfter 4 days, only the
bromide solution changes color (Figure 1B,d).

To verify the anionic specificity, some assays were performed
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NaX /107 mol + NaSO, Figure 4. UV —Vis absorption spectra of (a) polym2(110uL of 1.66 x

104 M, on a monomer unit basis), (1 + NaF, (c)2 + NaCl, (d)2 +

Figure 2. UV —Vis titration curves Rs4d/Asq) of polymer1 (110 uL of NaBr, ()2 + Nal (the quantity of all salts used here isx510-8 mol).

1.66 x 104 M based on monomeric units) with increasing quantity of
different anions (from 0 to 6< 10~7 mol or 0 to 33 equiv in charge). metal cations. Molecular modeling and X-ray diffraction measure-

ments on oligomers and polymers will be carried out to design new

>

S 120 — polymers for selective detection of other anions and to understand
= 100 *"L"*"-Ll._;_;_; : :;g these phenomena because the similar imidazolium salt does not
§ N + NaBr show appreciable affinity for iodid®.

g 80 .- In conclusion, an interesting methodology that allows a simple
§ 60 T, . ¢ Nal optical (colorimetric or fluorometric) detection of iodide has been
w

developed. This rapid, selective, and versatile method is based on
conformational modifications of the conjugated backbone of cationic

0 2 4 6 8 10 12

[NaX]/uM . L - .
Figure 3. Fluorescence intensity of polymer as a function of the poly(3-alkoxy-4-methylthiophene) upon binding of iodide anions.
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phobic) interferences such as £FBF,~, SCN-, ClIO,~ were
observed (SI).

Interestingly, a fluorometric detection of anion binding is also
possible because the fluorescence of poly(3-alkoxy-4-methyl-
thiophene)s is quenched in the planar or aggregated fbithe Supporting Information Available: Experimental preparations for
yellow or random-coil form of polymef is fluorescent with a the monomer and polymer and WWis and fluorescence spectra with
emission maximum at 550 nm when it is excited at 420 nm, but different anions (PDF). This material is available free of charge via
upon addition of an increasing amount of Kl, the fluorescence the Internet at http://pubs.acs.org.
intensity decreases, and the maximum of emission is slightly red
shifted (SI). The fluorescence quenching experiments shown in References
Figure 3 were carried out in the following manner: Solutions of (1) Schmidtchen, F. P.; Berger, Nthem. Rew1997, 97, 1609-1646.

; T ; (2) Beer, P. D.; Gale, P. AAngew. Chem., Int. EQR001, 40, 486-516.
polymerl in water were added at room temperature, with increasing (3) Comprehensie Supramolecular Chemistoptwood, J. L., Davies, J. E.,

guantities of concentrated solutions of the desired anion (in the MacNicol, D. D., Vigtle, F., Reinhoudt, D. N., Lehn, J. M., Eds.;
; ; Pergamon-Elsevier Science: Oxford, 1996.

form _Of NaX salts). The concentration of pOIy.méJ’ !n all (4) Black, C. B.; Andrioletti, B.; Try, A. C.; Ruiperez, C.; Sessler, JJL.

experiments was 7.8 10°® M (based on monomeric units). The Am. Chem. Sod999 121, 10438-10439.

itati H iecinn i H (5) Lehaire, M. L.; Scopelliti, R.; Piotrowski, H.; Severin, Kngew. Chem.,
excitation used is at 420 nm, and the fluorescence emission intensity Int. Ed 2002 41 1410-1425.

was measured at 550 nm (without recording the entire emission (6) Sancenon, F.; Manez, R. M.; Soto,Ahgew. Chem., Int. E®002 41,

spectrum). These curves demonstrate that the fluorescence quench- _ 1416-1419.
. p ) . . L. q . (7) Anzenbacher, P.; Tyson, D. S.; Jursikova, K.; Castellano, R. Mm.
ing effect is much more important in the case of the iodide anion, Chem. S0c2002 124, 6232-6233.

as compared to the use of any other ions. To demonstrate that iodide (8) Zhang, W.; Rozniecka, E.; Malinowska, E.; Parzuchowski, P.; Meyerhoff,
. - - . M. E. Anal. Chem?2002 74, 4548-4557.
is not responsible for such a quenching effect, we synthesized the (9) Brockmann, T. W.; Tour, J. MJ. Am. Chem. Socl995 117, 4437

water-soluble polymeR. The iodide or another halogen salts did 10) 4|1_|447i_| A Boissinot M. B M. G Corbeil G- Dotk
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fluorescence titration of polymerwith the iodide anion was much (11) Chayer, M.; Fal, M.; Leclerc, M.Chem. Mater.1997, 9, 2902-2905.

P sdidal (12) Leclerc, M.Adv. Mater. 1999 11, 1491-1498.
less sensitive than the use of polynie(Sl). The iodide-induced (13) Boldea, A.. Lsesque, |.; Leclerc, MJ. Mater. Chem1999 9, 2133

optical properties are strongly dependent on the nature and the @ 2138. § A .

R : 14) Kim, J.; McQuade, T.; McHugh, S. K.; Swager, T. WMngew. Chem.,
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