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The advent of high power lasers, in both civilian and military
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greatly enhanced optical nonlinearities over those of bulk metal,
but are also capable of enhancing the optical nonlinearities of
organic molecules attached or close to the particle suffate
present study represents the first observation of a new class of
highly efficient optical limiting materials based on a novel series
of vertex-sharing polyicosahedral A#\g supraclusters synthe-
sized and characterized in our laboratbry.

Optical limiting measurements were performed using frequency-
doubled Nd:YAG laser as the light source to generate 12-ns pulses
(30 Hz) at 532 nm. The experimental setup is depicted in Chart
2, Supporting Information. The standard Air Force test bed was
used. The collimated laser beam was focused on the sample by
a lens with 20 cm focal length. The sample was positioned on
the focal plane. The quasi-parallel (slightly converging) incident
beam had a spot size of about 0.5 mm. Two detectors were used,
one to detect the output energy and one to monitor the input
energy. The output beam detector was positioned at 36 cm from
the sample. The results for both solid and solution samples were
calibrated with a calibration curve which was recorded before
the sample was inserted. The solution sample was housed in a
sample cell made of two pieces of transparent glasses separated

applications, makes the search for efficient optical limiters for a py a Teflon ring gasket measuring 386 in thickness. The solid
wide range of personnel (e.g., eye) and equipment (e.g., sensorsample, in the form of a free-standing PMMA film of 0.5 mm in

protection the highest priorityAn ideal optical limiter exhibits
a high,linear transmission below a certain “limiting” threshold,

thickness, was clamped to the sample holder. The measurements
were performed with and without an aperture (5 mm in diameter)

but its intensity is greatly attenuated (opaque with constant, low, placed at 6 cm in front of the detector. The purpose of the aperture

and nonlinear transmittance) above the thresho{df. Chart 1,
Supporting Information). Among many promising optical limiting

was to block out peripheral scattered light entering the detector.
Since the results are quite similar, only the latter are reported

materials, organometallic, metallophthalocyanines, metallopor- herein.

phrins, and metal clusters containing a small number of metal

atoms have attracted considerable attentidnCompared to

Figure 1, a and b are plots of the transmitted versus incident
energies, depicting the optical limiting responses of solid (dis-

organic optical limiting materials, these compounds have the persed in organic polymer PMMA) and ethanol solution samples

advantage of multiple electronic transitions such as mdigand

of 1. It is apparent from Figure la that for solid samples, the

charge transfers. However, these systems often suffer from |0Woptica| limiting threshold occurs at around 33 and that the

damage threshold and inefficient optical limiting.
We report herein a highly efficient optical limiter based on a
nanosized metal cluster, the 38-metal-atom clustesRJPiAu; s

limiting output energy is about 1,&J for an input energy of up
to 110uJ. Permanent, irreversible damage was observed at the
test spot only for input energies above }idDand was caused by

Ag2oClis (1)°° of a single size, shape, and structure. Previous the preakdown of the PMMA host material rather than that of
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threshold of 14«J with a limiting output of 8.J for input energies
of up to 85uJ (Figure 1b). This trend was reversible, indicating

!'Current address: Science and Technology Center, Northrop Grumman that there was no damage to the test spot. Below the limiting
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threshold, the linear transmittance of the solid and solution
samples were 15% (Figure 1a) and 40% (Figure 1b), respectively.
Above the threshold, the maximum output energies for the solid
and solution sample were about 2 andl3respectively, indicating
that the limiting response of the solid sample was four times more
efficient than that of the solution.

The origin of the optical limiting behavior observed for both
solid and solution samples dfis currently under investigation.
We believe that the optical limiting behavior observed fois
intimately related to the third-order nonlinear optical effgt?),
or, specifically, the Kerr effec’ In other words, since the valence
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observed here may be further enhanced in the case of pure Ag clusters,
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a ; optical effects associated with a roughened metal sutfagince
the refractive indexn(w) = no + An(w), has a field-induced term
An(w) = ¥ (w)|E(w)?/2n, that depends linearly op® and
quadratically on the electric field&(w), of the incident bearf?
LIS R the orders-of-magnitude enhancementyi# for isolated metal
S SR particles of dimensions smaller than the optical wavelength causes
a change in the refractive index (grating) within the laser path,
refracting away the incident light.

In conclusion, in either solid film or in solution, structurally
well-defined large bimetallic AtAg clusters such a4 can
o 10 20 30 4 so 60 7 8 9 100 L0 achieve nearly 2 orders of magnitude of attenuation of high-
Input Energy (micro J) intensity laser power. More importantly, it opens the door to a
b . new class of highly promising optical limiting materials based
on nanosized metal clusters. Work is in progress to design and
. fabricate new optical limiters based on nanosized metal clusters
81 . . and to understand their optical limiting mechanisnifs).
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PMMA) and (b) ethanol solution of the nanocluster, fPRAu18Ag20-
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nm laser pulses. For the sake of clarity, the ligand& are not shown optical limiter and Chart 2 depicts the experimental setup (PDF). This
in the inset. material is available free of charge via the Internet at http:/pubs.acs.org.
JA010412N

electrons in a large metal cluster sucHlase highly delocalized
and free-electron-like, they behave like metal when subject to  (12) See, for example: Van Duyne, R. P.laser Excitation of Raman

the large electric field of the intense laser beam. It is known that Scattering from Adsorbed Molecules on Electrode Surfaces, Chemical and
I . ’ Biochemical Applications of Lasersloore, C. B., Ed.; Academic: New York,
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surface-enhanced Raman scattering (SERS) other nonlinear metallic particles® The first originates from the interband electric-dipole
transitions between the states of the d valence bands and the states of the
(9) It should be emphasized, however, that we cannot rule out mechanisms s—p conduction band. It has a very fast response time in the femtosecond
such as reverse saturable absorption (RSA), two-photon absorption (TPA), regime (10713 s). The second is the hot electron excitation near the surface
free-carrier absorption (FCA), induced scattering due to local heating (thermal plasmon resonance, which has a response time of ps. The third is the thermal
effects), etc. We also cannot rule out scattering mechanisms involving the contribution which has a very slow response time of ns. For the Ay:TiO
characteristic plasmon resonance(s) of the-Ag nanoclusters, especially composites? for example, it has been demonstrated that, on the fs time scale,
when the wavelength of the incident laser light approaches, or coincides with, the thermal contribution can be ignored, and gff#écan be attributed mainly
that of the plasmon resonance of the metal cluster (which occurs at 495 mnto the interband electric-dipole transitions with partial contribution from the
for 1).29 In fact, at or near resonance, plasmon scattering may be operative. hot electron excitation. Since Nd:YAG laser of 532 nm and 12 ns (30 Hz)
Experiments such as Z-scans using fs and ps laser pulses are being plannedas used in the present study, it is likely that all three mechanisms are operative

to gauge the relative importance of these mechanisms. here. Work is in progress to measure fi# of 1 and related clusters (via
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