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It is shown, for the first time, that small (ca. 2 nm) and stable procedures in a water solution present several difficulties
platinum nanoparticles can be easily obtained in one step through mainly related to effective ionic interactions and the presence
visible light irradiation of a host—guest inclusion complex between of reactants and stabilizers that are difficult to rembve.

B-cyclodextrin and platinum acetylacetonate in a water solution. Because of their excellent catalytic activity, Pt nanoparticles

have been the object of intensive investigations over the
years? Furthermore, because these nanoparticles are char-
acterized by negligible plasmon absorption into the visible
region?® they represent ideal platforms for the fabrication of

; ! hybrid optical nanodevices by the self-assembling of func-
offered by this synthetic methodology. tional chromogenic units Although a number of processes
have been developed for the synthesis of Pt nanoparticles in

In the emerging and fascinating world of nanostructured different environment3only a few synthetic methodologies
materials, metal nanoparticles are continuing to receive anave addressed the preparation in an aqueous medium. Most
great deal of both academic and industrial interest by virtue ©f them are based on the use of dendrimers, surfactants, and

of their unique optical, electronic, magnetic, and catalytic thiol derivatives and_ involve the chemical reduction of
properties: These multifunctional physicochemical charac- 2dueous soluble platinum satts. _
teristics make nanoparticles very appealing for a variety of [N this contribution, we report a facile, one-step synthesis
applications in multidisciplinary fields spanning from mo- ©f small (ca. 2 nm) and stable platinum nanoparticles in
lecular elgctronlcs to blqmed|C|ﬁeTherefore, the develop- (3) Gittings, D. I.; Caruso, FAngew. Chem., Int. E®001, 40, 3001
ment of simple synthetic protocols for these nanosystems 3004. Lewis, L. N.Chem. Re. 1993 93, 2693-2730. Fendler, J. H.
represents nowadays a research area of considerable rel- Na”OPiggges and Nanostructured Film@/iley: Weinheim, Ger-
many, )
evance. (4) Goia, D. V.; Matijevic, ENew J. Chem199§ 22, 1203-1215.

Many practical applications necessitate metal nanoparticles (5) Petroski, J. M.; Wang, Z. L.; El-Sayed, M. A. Phys. Chem1998
102 3316-3320. Kyotani, T.; Tsai, L. F.; Tomita, Al. Chem. Soc.,

The exclusive control of the reaction by an external trigger, the
removal of the undesired reaction products without any manipulation
of the sample, and the absence of ionic repulsions between the
metal nanoparticles represent the main remarkable advantages

to be _dlsperS|bIe in water with preservation of the_lr physico- Chem. Commurl997, 701-702. Ahmadi, T. S.; Wang, Z. L.; E-
chemical properties over a long period of tifmélhe Sayed,cli\fl- A-Sciencg_‘lg% 272,1924-1926. Rodriguez, A.; /Ikmiens,
; ; i [P C.; Bradley, J. SChem. Mater.1996 8, 1978-1986. Hepel, M.J.
o.bt.alnment of thesg crucial prereqU|s.|tes is, in general,_ a Electrochem. Soc1998 145, 124-134. Gamez, A Richard, D.:
difficult task. In fact, in contrast to organic solvents, synthetic Durand, R Electrochim. Actal996 41, 307—314.
(6) The most intense plasmon absorption of Pt nanoparticles falls in the
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§ ST Microelectronics. (7) Sortino, S.; DiBella, S.; Conoci, S.; Petralia, S.; Tomasulo, M.; Pacsial,
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Wouelfing, W. P.; Murray, R. WAcc. Chem. Re00Q 33, 27—36. Soc 2003 125 1122-1123.
Schmid, G.Chem. Re. 1992 92, 1709-1727. (8) For example, see: Horswell, S. L.; Kiely, C. J.; O'Neil, I. A.; Schiffrin,
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water, exclusively triggered by visible light and involving a
host-guest inclusion complex betweefi-cyclodextrin
(B-CD) and platinum acetylacetonate, Pt(agaa$ the only
chemical reactant. Our interest in this work has been
stimulated by the merging of three key factors: (i) the
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Figure 1. Absorption spectrum of Pt(acadp the presence of a 18 M

recently reported capability of unmodified CDs to solubilize B-CD aqueous solution (solid) and in ethanol (dotted). The inset shows the

metal nanoparticles in a water solutit{ji) the well-known
photoreactivity of transition-metgi-diketonates, which, in

an ethanol or dichloromethane solution, yield colloidal metal
andp-diketones;t and (iii) our continuous attention over the
years in exploring peculiar aspects related to the photo-
reactivity of 5-CD host-guest complexe¥.

The main steps leading to the colloidal metals are sketched
in Scheme 1 for the sake of clarity.

They involve the homolytic cleavage of the methgand
bond, followed by hydrogen abstraction from the solvent by
the ligand-centered radicél.Different from S-diketonate
complexes with metals such as Cu, Ni, and Pd, Pt(acac)
undergoes photodecomposition with comparable efficiency
upon irradiation with both UV and visible light because of
the absence of low-lying d,d states, which deactivate the
reactivesr,t* statel!?

Pt(acac) is completely insoluble in an aqueous solution.
On the other hand, it is fairly soluble in the presence of?10
M -CD, as confirmed by the absorption spectrum shown
in Figure 1, which is basically similar to that obtained in
ethanol. This is due to the formation of an inclusion complex
whose existence is further supported by the induced circular

ICD spectrum of thegg-CD—Pt(acac) host-guest complex.
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Figure 2. (a) Absorption spectral changes observed upon visible light

dichroism (ICD) measurements. Indeed, as shown in the insefiradiation of the-CD—Pt(acac) host-guest complex. The dotted line

of Figure 1, an ICD signal with bands fairly well-corre-
sponding to those observed in the absorption spectrum arise

shows the absorption spectrum of Hacac in the presence 8fM@B-CD.
) Absorption spectrum obtained after drying under vacuum &Crfor
h the final solution of the experiment reported in part a and resolubilizing

as a consequence of the incorporation of the nonchiral the residual solid in the same volume before drying. The reference cell

Pt(acac) within the optically active3-CD cavity.

The aqueous solution (3 mL) of the hegfuest complex
was than irradiated with 420-nm light, and the course of the
reaction was followed spectrophotometrically. As reported
in Figure 2a, irradiation of the sample results in the
quantitative disappearance of Pt(agagcompanied by the

(9) (a) Crooks, R. M.; Zhao, M.; Sun, L.; Chechik, V.; Yeung, L.Acc.
Chem. Res2001, 34, 181-190. (b) Mizukoshi, Y.; Oshima, R;
Maeda, Y.; Nagata, YLangmuir1999 15, 2733-2737. (c) Alvarez,
J.; Liu, J.; Kaifer, A. E.Chem. Commur200Q 13, 1151-1152.

(10) (a) Liu, Y.; Male, K. B.; Bouvrette, P.; Luong, J. H. Them. Mater
2003 15, 4172-4180. (b) Kabashin, A. V.; Meunier, M.; Kingston,
C.; Luong, J. HJ. Phys. Chem. B003 107, 4527-4531.

(11) (a) Lewis, F. D.; Miller, A. M.; Salvi, G. DInorg. Chem.1995 34,
3173-3181. (b) Gafney, H. D.; Lintvedt, R. L1. Am. Chem. Soc.
1971, 93, 1623-1628. (c) Giuffrida, S.; Condorelli, G. G.; Costanzo,
L. L.; Fragalal. L.; Ventimiglia, G.; Vecchio, GChem. Mater2004
16, 1260-1266.

(12) Monti, S.; Sortino, SChem. Soc. Re 2002 31, 287.

contained a 1% M -CD aqueous solution.

appearance of the typical absorption band of Hacac (see
dotted spectrum, for comparison) and a weak structureless
absorption extending in the visible region attributed to
colloidal platinum.

Because Hacac does not absorb the exciting light, it is
not photodecomposed during the photoreaction and can be
easily removed from the reaction mixture by drying this latter
under vacuum at 75C for 2 h. A control experiment carried
out with a solution of Hacac in the presence of4M 5-CD
provided evidence for the quantitative release of all of the
ligand from the Pt(acac) upon irradiation. The dried sample
was then solubilized in the same volume of water as that at
the beginning of the photolysis, and the absorption spectrum
was recorded. As shown in Figure 2b, the spectrum obtained
does not show any detectable signal associated with the
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of the 5-CD cavity, 0.78 nm, it is unlikely to explain both
the small dimension of the metal nanoparticles and their
stability as a result of the inclusion of the Pt atoms in the
CD cavity. Rather, these properties seem more likely to be
due tohydrophobie-hydrophobicinteractions between the
cavity and larger metal nanoparticles. This proposal is in
accordance with what was recently observed by Luong and
co-workers, who used different CDs to control the size of
the Au nanoparticles formed by chemical reduction of Au
FLgl;ﬂT 3. Iltfh'\/l ﬂéigogrtaph thplatt_inum tnanopéllfticlﬁ O_btaiftled Upton salts solubilized in an agueous meditftConcerning this,
Fheoe(l)e}grsc‘)r? diffrefction of t(haec ?szgtin(zjsm g:ﬁ;arct%g;es)t(wbwir?glgiefccr:e[?:crksing it should be noted that SOIubIIIZQtIO_ﬂ of hydrOphOb_'C
arrangement. molecules by CDs does not necessarily imply molecular sizes
] _ ) compatible with the dimensions of the cavity. For example,
presence of Hacac but is exclusively characterized by aj; is well-known that very large aromatic hydrocarbons
structureless absorption extending into the visible region, pacome soluble in the presence of CDs because of effective

which is in full agreement with the spectr? reported in the pyqrophobic interactions involving the cavity and only some
literature for other platinum nanoparticlés! groups of such hydrocarbofs.

A transmission electron microscopy (TEM) micrograph
on a representative sample prepared following the above
procedure is displayed in Figure 3. The Pt nanoparticles are
quite well-dispersed, exhibit a nearly spherical shape, and
are characterized by an average diameter o2@.8 nm.
Electron diffraction (inset in Figure 3) shows that the
nanoparticles are single crystals with face-centered-cubic
(fcc) structuretd

These colloidal nanoparticles exhibited a good stability.
Indeed, they remained well dispersed in water for several
weeks with no relevant aggregation, as evidenced by the
insignificant variation of the absorption spectrum and the
particle size noted after this period of aging.

The role of thes-CD macrocycle in the formation of the
Pt nanoparticles is manifold by virtue of the features of its
unigue microenvironment, indispensable for the one-step
synthesis to occur. First, the nonpolar CD cavity allows the i i i
solubilization of the photoactive component. Second, the cD  Studies currently underway in our laboratories have shown
cage is well suited to effectively trap the reactive radical that, under appropriate experimental conditions, this facile

intermediates photogenerated. As reported in Scheme 1, thdrotocol for the preparation of small-sized and stable metal
release of the free ligand involves H-abstraction by the ngnopgrtlcles in a water solution can be extended to _other
ligand-centered radical. Because the occurrence of such &iS(-diketonate) metal complexes. Hopefully, we believe
process from water is, of course, out of question because itthiS may open up new avenues for the achievement of
is thermodynamically not favored, it is reasonable to conceive €olloidal systems in an aqueous medium that can be of
that the acacradical might lead to the formation of Hacac Potential interest in diverse technological areas.

by decaying within thef-CD interior via an intracage Acknowledgment. S.G. and S.S. express their gratitude
H-abstraction reaction. This route is expected to be highly to prof. G. Condorelli, the milestone of the Photochemistry
efficient because of the presence of 14 available hydrogenGroup of the University of Catania, whose wisdom and
atoms bonded to secondary carbons and close to the radicadcientific enthusiasm represented a model to follow over the

centeri* Third, the nonpolapg-CD interior is appropriate to  years shared together. The authors thank MIUR (PRIN and
effectively interact with the photoproduced metal nano- F|RB research projects) for financial support.

particles. This interaction allows their solubilization in water
and prevents agglomeration. In this regard, on the basis o
the nanopatrticles sizes, ca. 2 nm, and the internal diamete

In summary, we have shown a very simple and effective
method to produce small and stable Pt nanoparticles in a
water solution. To the best of our knowledge, this represents
the first exampl®f the light-controlled preparation of metal
nanoparticles from a hosguest inclusion complex ¢f-CD.

This facile synthetic methodology presents the following,
remarkable advantages. First, the exclusive control of the
reaction by visible excitation produced by conventional lamps
with moderate light intensity is environmentally and cheaply
friendly, in contrast to the use of toxic chemicals and sophis-
ticated laser sources, respectively. Second, the elimination of
the reaction product does not require any manipulation of
the sample. Third, different from metal nanoparticles pre-
pared in water by using ionic surfactants as stabiliz&tise
nanoparticles obtained in the presence of CD are not subject
to ionic repulsions, which preclude chemical modification.

f Supporting Information Available: Detailed experimental
rprocedures containing the preparation of the hgstest inclusion
complex and the irradiation conditions. This material is available

(13) Note that the highest nanoparticle concentration obtainable is, of course,f"ee of charge via the Internet at htpp:/pubs.acs.org.
strictly governed by the solubility limit of the photoactive complexin  |C0517366
the CD cavity (ca. 10* M).

(14) Low reactive radicals toward H abstraction are reported to be much
more reactive when photogenerated within CD cavities. See, for (15) Szejtly, JChem. Re. 1998 98, 1743-1753. Male, K. B.; Brown, R.

example, refs 12 and 13: Veglia, A. V.; De Rossi, RJHOrg. Chem S.; Luong, J. H. TEnzyme Microb. Technol995 17, 607—614.
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