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A new sensory MCM-41-based material for the colorimetric sensing and discrimination of amines has been developed.

The development of molecular chemosensors for sensingdeveloping new and advanced systems for the selective
protocols for target guests via changes in optical signals is sensing of amines. These are well-known compounds with
a field of interest. These new methodologies, based on the importance in different areas of chemistry and biochemistry.
colorimetric transduction of host—guest interactions, are As a general approach to the particular challenge of develop-
especially attractive for their potential use in situations where ing chromogenic systems for neutral molecules, the reported
conventional techniques are not appropriate as, for instance gxamples generally relay in the reactivity of certain functional
for naked eye screening applications. However, there are stillgroups. For instance, colorimetric signaling of amines usually
a large number of problems linked to the development of involves nucleophilic attack to certain molecular substrates
new selective chromogenic probes for sensing applications.and formation of fluorescent groups in a chemodosimeter
This is especially the case for the development of systemsfashion. This is an interesting approach that, however,
for the colorimetric sensing of certain organic species in harbors some serious disadvantages. Thus, for instance, many
aqueous environmenisin particular, we are interested in  signaling molecules suffer from cross reactivity with several
other nucleophiles including the attack of Oroups from
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wavelengths. And finally, probably the most serious draw- mixtures most likely containing oligomeric derivatives that
back from a molecular recognition point of view is that these limit their use as chromochemodosimeters.
protocols are designed for signaling families of compounds  To overcome these problems, it is necessary to couple
and not to sense a certain member within a set of moleculesthe specific reactivity of the amine group with additional
having the same functional group. interactions in order to enhance selectivity. Several ap-
We are interested not only in developing new amine proaches have been developed, but most of them are involved
chromogenic sensors but also in designing standard routesyith the use of sophisticated molecular host receptors. As
to enhance the capability to distinguish within @ complex an alternative approach, we are interested in exploring the
family of compounds. With these previous ideas in mind, potential use of predefined nanoscopic inorganic structures
we report here the development of a new reagent for thethat when conveniently functionalized can result in an
colorimetric detection of primary amines based on 1-dicya- enhancement of the selectivity observed. Prominent examples
nomethylene-2-chloro-3tmethylN-phenylamino)indené of enhanced selectivity using nanoscopic inorganic solids can,
(see Figure 1). for instance, be observed using gold nanopartit@aMs ¢
and, more recently, mesoporous materigipecifically, the
use of mesoporous solids is highly tempting because of the
recent reported examples suggesting that their use as rigid
3D scaffoldings can mimic simple features of more complex
biological structures. Thus, for instance, conveniently hy-
drophobed pores containing additional reactive sites can be
archaic prototypes of very complex “binding pockets” in
biological system$.This confinement feature might also
bring in collateral beneficial attributes as, for instance,
chemical stability of the “active sites”.

In an attempt to enhance the responsktofvard primary
amines in terms of both selectivity and stability, we designed
a route to covalently anchor the chromogenic probe onto
suitable nanoscopic hydrophobic pockets. The synthetic route

Figure 1. 1-Dicyanomethylene-2-chloro-3N¢methylN-phen-
ylamino)indene (1).

Compound can be obtained readily by simple amination
of 1-dicyanomethylene-2,3-dichloroindeh€ompound is is shown in Scheme 1. In a first step, tkenethyl-N-(propyl-
highly colored ¢ = 8935 L mof! cm™) with an intense  3-trimethoxysilyl)aniline derivative was used together with
absorption centered at 552 nm which should most likely be TEOS, CTAB, and TEA to prepare, using a co-condensation
ascribed to a charge-transfer band due to the presence oprotocol, the UVM-? mesoporous functionalized solfil.
the donor amine group and the dicyanomethylene acceptorThis solid was further reacted with hexamethyldisilazane in
moiety. In fact, coordination of metal cations to the amino order to “block” the dangling-OH groups introducing highly
group inl (unpublished results) results in a hypsochromic hydrophobic—CHsz moieties inS2. Finally, reaction o052
shift of the absorption band as would be expected in thesewith 1-dicyanomethylene-2,3-dichloroindene gave the purple
donor-acceptor-type dyesAdditionally, preliminary studies
on the reactivity of with nucleophiles revealed chromogenic (5) (a) Lin, S.-Y.: Liu, S.-W.; Lin, C.-M.; Chen, CAnal. Chem2002,
changes in the presence of primary amines, whereas nor4, 330. (b) Watanabe, S.; Sonobe, M.; Arai, M.; Tazume, Y.; Matsuo, T.;
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Scheme 1. Synthetic Route to the Formation of Sol&8
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solid S3(see Scheme 1). The fin@Bsolid was exhaustively  organization that can be appreciated through TEM and
washed and dried and used as sensory material for amineporosimetry measurements. For instance, the nitrogen ad-
sensing protocols (see below). sorption-desorption isotherm of soli$3 (714.1 n? g™ %)

The rationalization of the chemical composition of the shows two well-defined steps, one at intermediate relative
solids was calculated from thermogravimetric and elemental pressure (0.2 P/Py < 0.4) due to condensation okMside
analysis, and the results are summarized in Table 1, whichthe mesopores and another at higher relative pressures
associated to the filling of textural interparticle pores. From
the first step, a pore diameter of 2.45 nm and a pore volume
of 0.52 cn? g~! was obtained, whereas from the second step
a volume of 0.96 crhg ! and a diameter of 65.2 nm for the

Table 1. Chemical Composition of SolidS1,S2, andS3

solid aniline/Si0y* dye/SiOg® CHa/SiOy® textural porosity was obtained. The first interval at interme-
S1 4.53 x 10-3 diate pressures occurs with absence of hysteresis loop
S2 357 x 10-3 0.63 suggesting the existence of uniform and cylindrical meso-
S3 3.57 x 1073 3.35 x 1073 0.63 pores.

S3is a hybrid material containing signaling amine probes
embedded onto hydrophobic 2.45 nm nanoscopic pockets.
As a testing assay of its chromogenic sensing propefies,
was studied in water in the presence of certain primary

3. amines of increasing hydrophobicity and size. In a typical
assay, 4 mg of the soli@3was was soaked for 5 min with

| water containing a certain amine at a concentration of ca. 7

x 1073 mol dm™3 at pH ca. 11.2. The solid was then filtered

under vaccum and dried. The results are shown in Figure 2.

aMolar ratios.

shows the molar ratios with respect to %i6f anilinium
groups, the final anchored 1-dicyanomethylene-2-chloro-
(N-alkyl-N-phenylamino)indene dye, and €gtoups in the
surface after the hydrophobation process with hexamethy
disilazane.

The solids were characterized following standard solid-
state procedures. For instance, X-ray diffraction and electron
microscopy (SEM and TEM) confirmed the presence of the _
MCM-41 (UVM-7-type) structure. The powder X-ray dif-
fraction patterns of the obtained hybrid solids show that these
materials keep the characteristic intense peak atta 2°
(indexed to the (100) reflection assuming the existence of a
MCM-41-like hexagonal cell), indicating that the different ; o . . X

: . b amines. From left to right: no aminespropylamine p-butylamine,
synthetic steps did not affect substantially the structure of n-pentylamine, n-hexylamine, n-heptylamine, n-octylamine, n-
the silica matrix. In addition to this intense peak, a wide nonylamine n-decylaminen-undecylamine, and-dodecylamine.
and small signal that could be assigned to the overlapped
(110) and (200) reflections of the typical hexagonal cell can
also be observed in those structures with lower numbers of There is a very remarkable difference between the response
organic groups. This feature can be associated to anof the solidS3and that found fot in solution (see above).
intraparticle porous topology characteristic of MCM-41-like Thus, whereas the probe in solution is unspecific and poorly
disordered hexagonal silicas. Additionally, the solid is applicable to real samples, the hybrid sensory mat&&al
organized in nanometric particles that are glued forming is highly selective and reacts preferentially with the not too
micrometric aggregates. This forms a bimodal hierarchic pore large but lipophilic enough aminesnonylamine and-

Figure 2. Color change ir53in the presence of primary aliphatic
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decylamine (also partially witm-undecylamine), whereas || NN
S3 remains s!lent _|n the_ presence of small hydrophll_lc O Taple 2. Comparison of the Chromogenic Sensing Properties
very large aliphatic amines. Figure 3 shows the diffuse 4t g3andia

CH3(CH2),NH,
n 2 3 4 5 6 7 8 9 10 11 CN- OH- M2z

ss - - - - - -"® x x - - - -
I x x x X X X X X X X X X X

ax = strong response; (¥f weak response; = no response.

as consequence of the coupling of two consecutive processes
“extraction” + “recognition” resulting in an overall enhance-
ment of selectivity toward certain guests. Additionally, in
preliminary competitive experiments it was found ti&8
responded selectively to thedecylamine even in complex
mixtures containing other aminé&Xlt is also remarkable that
the selective pattern shown 88 is hardly reachable with
: ' . synthetic analogous receptors in solution.
400 500 600 700 In summary, we have shown here the use of a new colori-
A (nm) metric probe for the sensing of primary aliphatic amines.
The compound can be used for colorimetric detection of
primary amines and their performance can be enhanced in
terms of stability and selectivity by anchoring the probe into

reflectance of solidS3 before and after reaction with ~Suitable nanoscopic pores. These results show that the

n-decylamine S3presented the characteristic charge-transfer combination of molecular concepts and 3D solid-state

band centered at 554 nm that undergoes a blue shift to 445Preorganized architectures are suitable hetero-supramolecular
nm upon reaction with the amine. As a result of the probe synergic routes to enhance recognition/sensing properties for

confinement onto nanopores, an enhanced selective chroChemosensing protocols.
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This behavior is somewhat reminiscent of the structure
activity links in certain proteins that base their selectivity in
the confinement of the active site in complex superstructures. (10) To the best of our knowledge, there are very few examples of neat
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that avoids extraction to the nanoscopic pores where the probe is anchoredl.; Torroba, T.J. Chem. Soc., Perkin Trans.1D99, 1023
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Figure 3. Diffuse reflectance 063 and S3 + n-decylamine.
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