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The synthesis of nanocomposite functional matérialattracting Scheme 12
growing interest in the emerging field of molecular electrogics. o PH W”D{Hw‘j"
In this context, the concept of switching of a molecular property, ST -
“molecular switch”, is of relevance for the design and development SHACH2):0COOH () \ \ \
of new optoelectronic nanodevice¥arious examples of molecular +
switches have been reported in the literature. Most of them are Pt e N k

based on either photoinduced or electroinduced processes often
associated with changes of the molecular structure, for example,
isomerization, proton transfer, or redox reactibridowever, the "
majority of these studies are related to investigations in solution or ;ﬂ‘;}u’\iw Ha"::fz}\ (it}
in liquid crystals, with the exception of various examples of }
nanocomposite systems immobilized on metal electréties.

Metal cqmplexes are smtablg to mo!ecular switéHms virtue o\F' o ol ot
of electronic properties associated with the metal ceénteor 0‘(
instance, it has recently been demonstrated that dipolar ruthenium- - & l\
(1) amine complexegransRu'(NHz),L (L = axial ligand), of 4,4 j\
bipyridinium ligands can be reversibly and readily oxidized to their N
electron-deficient Rli analogues, either chemically or electro-
chemically’ This is accompanied by a dramatic change of their Pt éﬂ
optical properties. Indeed, while Rwomplexes possess distinct SAM 2
linear (absorption maxima in the 58640 nm region) and nonlinear a Conditions: (i) CHCl, 25°C, 20 h; (ii) SOG4, 40°C, 5 h: (iii) DMF,
optical features associated with their intense, low energy metal- 45°c 20 h.
to-ligand charge-transfer (MLCT) electronic transitions, "Ru
analogues are transparent in the whole visible region and possess The three-step synthetic approach to the synthesis of ruthenium
negligible second-order optical nonlinearityherefore, these metal pentaammine 4!4ipyridinium SAMs is reported in Scheme 1. It
complexes are very intriguing candidates for designing nanocom- inyolves (i) chemisorption of 11-mercapto undecanoic acid, coupling

Pt

posite molecular switches. layer, on the Pt substrate, (i) appropriate derivatization of the acid
Here we report on novel self-assembled monolayers (SAMSs) of to the corresponding acyl chloride by reaction with SQ@hd (iii)
redox-switch dipolar ruthenium(Ili/lIl) pentaammine(4bipyri- reaction with [RU(NH3)s-4,4-bipyridine](PR), (1),1° to effect

dinium) complexes on ultrathin, optically transparent platinum films. - quaternization.

To the best of our knOWledge, this represents the first example of Aqueous contact ang|@4) measurements after step i reveal that
a reversible molecular switch self-assembled on an optically g, changes from 75for the Pt substrate to less than°1for the
transparent metal electrode, whose change in molecular propertieshiol functionalized surface. This finding is consistent with the
can be simply detected with a conventional spectrophotometer. presence of carboxylic headgroups, in accordance with analogous
Ultrathin platinum films (10 nm nominal thicknesses) on results obtained for alkanethiol SAMs on bulk Au and Pt sub-
transparent glass slides were obtained by cool argon sputtering ancstratesi! X-ray photoelectron spectroscopy (XPS) measurements
used as substrates for monolayer self-assembly. These Pt substrategter step ii show that the chlorine(2p):sulfur(2p) ratio is ca. 1:1,
are particularly appropriate for an easy monolayer characterizationindicating a quantitative acylation.
by transmission UV/vis spectroscopy. In fact, they display an optical ~ The appearance of a distinct absorption band at 588 nm after
transparency (transmittance of ca. 0.70) in the visible spectral regionstep ii (Figure 1) is diagnostic of the quaternization Iofwith
and, different from gold ultrathin films, have the advantage of being formation of the RU(NH3)s-4,4-bipyridinium monolayer (SAMR).
only slightly affected by the metal surface plasmon absorption in Actually, the comparison of optical absorption spectra in aqueous
such a regiod. Atomic force microscopy (AFM) measurements solution of 1 and those of the related [R(NH3)s-N-methyl-4,4-
indicate that these ultrathin films have a continuous distribution of pipyridinium](PFs)s (3) indicates a remarkable red shift of 97 nm
polycrystalline platinum (see Supporting Information) with a root-  of the lowest MLCT absorption maximum upon quaternization
mean-square roughness of ca. 3.5%m. (Figure 2). Therefore, the comparison of absorption spectiz of
— : and SAM 2 (Figures 1, 2) provides unambiguous evidence that
Ig?",’jﬁg’z‘;ﬂé Cf%ﬁ’;f quaternization occurred. Moreover, the lack of any evident shoulder
SINSTM UdR di Catania. in the absorption spectrum of SAM indicates the absence of
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0.04 by using the appropriate oxidizing or reducing agents. Specifically,
0%, rediedsamz aqueous solutions of cerium(IV) sulfate and hydrazine were used
003l . A as oxidizing and reducing agents, respectivéklternate oxidation/
reduction cycles, obtained upon immersion of SRNh the above
oxicized SAM 2 redox solutions, result in the almost complete disappearance/
< 002} 3 restoration of the MLCT optical absorption band (see inset Figure
" 1).13 As pictorially depicted in Scheme 2, these findings provide
001l clear and direct evidence that a reversible redox-switching, ac-
companied by significant changes of the optical properties, of the
Pt-modified monolayer occurs upon chemical redox treatment.
00950 500 500 760 300 In summary, in this paper we have shown the first example of

a reversible molecular switch self-assembled on an optically

i ) transparent metal electrode, whose change in molecular properties
Figure 1. Absorption spectrum of SAM recorded using as a reference can Ee simplv detected b transmissign spectrosco P V\ﬁth a
sample the same ultrathin Pt substrate before step i. The inset shows the . ply y > p py'
redox-switching of the absorbance maximum response with chemical conventional spectrophotometer. This represents an appealing model
oxidation by C& and reduction by BHs. n = number of redox cycles. system in the perspective of integrated molecular switch nanode-
vices.
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