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J-aggregates are characterized by a red-shifted and sharp absorp- 15— ————————————r
tion band relative to the monomer band, a result of exciton [ ° ' 464 nm
delocalization over the molecular building blocks of the aggrelgéte. € 10
In addition to their use as photographic sensitizers, the large © g TC, 3x10° M
oscillator strength and fast electronic response of J-aggregates are o 1or 20 ]
of interest in many fields, such as modeling energy transfer in photo- ‘é’ 00
synthetic reaction center antenna, nonlinear optics related to super- 2 “Wavelength (nm)
fluorescence, and solar photochemical energy convefsidsince < o5 481 nm i
organics frequently possess enhanced optical properties on metal ———QS/TC
surfaces? the exciton dynamics of J-aggregates near bulk metal [ NO N\ e TC
surfaces have been explor€dn general, coupling of the exciton
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to the plasmon of the metal leads to ultrafast quenching of 00 500
the excnor? and its fIyorescené‘"e.\/ery recently, however, the Wavelength (nm)
J-ag_gregatlo_n of cyanine dyes on _the surface C?f noble metal _nano'Figure 1. The ground-state absorption spectra of the Ag nanoparticle/TC
particle colloids was reported:18 This offers a unique opportunity  j-aggregate solution is shown, along with the spectra for the original
to study the interaction of molecular J-aggregates with the larger solutions of Ag nanoparticles and TC.

near-field enhancements and modulated electrochemical properties
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of metallic colloidal nanoparticles when compared to bulk metal 003 T b ——
surfaces. We show here that photoexcitation of the plasmon in Ag 0.02 . e
nanoparticles coated with J-aggregates leads to exciton dynamics < ootr" ..--"'“.” Ag aA
that are much different than for J-aggregate monolayers on bulk 0.02 |- <7 —O—TC J-ag AA
metal surfaces. Specifically, charge-separated states with a lifetime 0.00

of ~300 ps between the J-aggregate and Ag colloid are formed. 0.01f To—p g o—o

We used the procedure described by Kometani et al. to prepare 0.01 100 200 300 400 500 600 700 80
the J-aggregate coated Ag nanopartiéfeShe dye used was a 5 Puise Energy (nJ)
cyanine derivative, 5;5ichloro-3,3-disulfopropylthiacyanine so-
dium salt (TC, Hayashibara Biochemical Laboratories, Japan). The 0.00 D et = e S
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Figure 2. Transient absorption spectra for the Ag nanoparticle/TC
J-aggregate are shown. The inset illustrates the different dependefée of

silver nanoparticles were prepared through the reduction of metallic s ise energy for the Ag plasmon and J-aggregate at 475 nm.

Ag ions by NaBH in aqueous media to produce a relatively narrow
size distribution of particles with an average diameter of 8'ht.
We used a TC concentration o£5610-¢ M and a silver nanoparticle
concentration of 4 107° M. The ground-state absorption spectrum
of the Ag/TC solution is illustrated in Figure 1, along with the absorption band to 464 nm.

spectra for the silver nanoparticles and TC alone in solution. The  Transient absorption spectra and kinetics were taken with an
new absorption band at 481 nm is the J-aggregate. The morphologyamplified Ti:sapphire laser system described previo#siie pump

of the TC aggregate is such that the thiacyanine chromophore iswavelength was 417 nm so as to be resonant with the Ag nano-

inset illustrates the absorbance of TC solution at B0~3 M, which
is the concentration that shows significant J-aggregation in the
absence of metal nanoparticles. There is a shift of the J-aggregate

adsorbed on the particle and the S@roups extend away from
the nanoparticle to provide solubilit§.As reported by Kometani

particle plasmon and not the J-aggregate. Transient absorption
spectra were taken with variable optical delays at probe wavelengths

et al., no J-aggregates form at this TC concentration in the absenceof 450 to 700 nm. Figure 2 illustrates the transient absorption spectra

of metal nanoparticle¥. Previous STM studies indicate that a
homogeneous coverage is obtained on nanoparticle sutfsths.

* Address correspondence to this author. E-mail: wiederrecht@anl.gov.
T Present address: Chemical Technology Division, Argonne National Laboratory.

4536 = J. AM. CHEM. SOC. 2002, 124, 4536—4537

for the Ag nanoparticle/TC solution. A strong bleaching of the

J-aggregate absorption band is observed within the 140 fs time
resolution of the instrument. As observed on bulk metal surfaces,
the fluorescence is entirely quenched and is normally attributed to
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If the long-lived state were due to isolated excitons within the
J-aggregate, fluorescence would be observed. Furthermore, the
leveling off of the J-aggregate bleach at approximately 300 photons

0.005 } & —AgiTC absorbed/nanoparticle correlates well with electrochemical reduction
g oot L e Ag measurement of colloidal silver, which shows that similarly
... —— T1C J-ag alone . .

S synthesized Ag nanoparticles can accept and store hundreds or more
electrong324 Furthermore, a saturation of the J-aggregate bleach
was not observed in the TC solution without nanoparticles, a
-0.015 Rl R VT possibility in molecular aggregatésHowever, in the presence of
=12ps 0 5 N Sg,ayz(%s) % % the large fields near the surface of the particles, it is possible that

0020l Ul the J-aggregate bleach is saturated and may also limit the number
0.0 02 04 06 08 10 12 14 16 18 20 of electrons that can be transferred. There is also ample driving
Probe Delay (ns) . .
force for charge separation given the plasmon resonance peak at
Figure 3. The transient absorption kinetics _of Ag nanoparticl_es/TC 3.1 eV, with the Fermi potential for surface modified Ag nano-
:]r'g%g_;z%?;egsa?erg ZT;;Ner_]' along with control studies of Ag nanoparticles alndparticles estimated to be0.4 V25> The TC monomer oxidation
potential is approximately 1.4 V vs SCE and electrochemical
measurements of J-aggregates themselves reveal that they are easier
to oxidize by ~0.2 eV than the monomef8.We also tried the
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efficient coupling of dipoles of the plasmon and J-aggregate
exciton!® However, in the case of the Ag nanopatrticles, we also . . . : -
find that the bleach remains for nearly 300 ps (1/e lifetime), as identical J-aggregate experiment with Au nanoparticles, and found

illustrated by the transient kinetics probed at 475 nm (Figure 3). nho ?fo ps bleac_h,l onlly U|traf6|l.5t qluench_lng of the eéuton. Srce
The inset to Figure 3 illustrates the fast temporal response of (he Au _nanopartlce plasmon fies fower In energy (520 nm) than
the exciton, no charge separation is observed.

We have shown that a reversible, photoinduced charge transfer
reaction occurs in Ag nanopatrticle/J-aggregate hybrid colloids. The
observation is different than that for J-aggregates on the surface of
bulk metals, where exciton quenching is observed.

the Ag/TC composite system, along with the Ag nanoparticle
solution alone probed at 475 nm and the highly concentrated
J-aggregate solution without Ag nanoparticles probed at 464 nm.
The silver nanoparticle solution illustrates similar behavior to
previously reported ultrafast pumjprobe studies of bare nano-
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