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Nanostructured materials have attracted substantial attéation
due to their possible applications in optoelectronics and their
anticipated versatility in providing a deeper understanding of size-
sealed structurefunction relationships. Nanostructured materials
can be fabricated by a variety of methods, one of which involves

the use of synthetic dendrimers as host container or scaffolding
molecules’ Dendrimer nanostructures have been suggested as

prime candidates for drug delivery systems, quantum-confined
structures, and nanolevel storage uhithe rapid progress in

the synthetic chemistry of organic dendrimers has also led to the

fabrication of metal-dendrimer nanocomposit&$For example,

it has been demonstrated that zerovalent transition metals can be

encapsulated inside poly(amidoamine) (PAMAM) dendrimers in
a variety of architectures® While there has been great success
in the fabrication of many new types of dendrimer nanocomposites
(DNC), the nonlinear optical properties of these novel materials
are still relatively unexplored.

In this contribution we report the new findings of large optical
limiting effects from silver-dendrimer nanocomposites, here
denoted a§Ag(0)}. The average size of the metal domains in
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Figure 1. Absorption spectra of Ag(0)}e (solid line) and of the pure

dendrimer host (dashed line), both in aqueous solutions. A schematic

representation of th@Ag(0)} e architecture is shown in the inset.

6 5 10 L.
£ oa .
— 5 EnJ ..
«, ] Eo.s .
RE
E‘ 44 go.a e e n
8 *%% 2 i 6 s 10
& 34 Input fluence [J/cm
3
M
5 24 ee o 000 oo ®
[=%
5 (]
o 14
0 T T T T L | T T T 1
0 1 2 3 4 5 6 7 8 9 10

Input fluence [J/cm’]

Figure 2. Optical limiting behavior of thg Ag(0)}e nanocomposite at
532 nm, for a 10 Hz pulse repetition rate. The solid line illustrates the

these nanocomposites was estimated by transmission electrorase of a constant transmission-e60% (the transmission value at low

microscopy to be of the order of-25 nm! depending on the

fluence). The inset shows the corresponding transmission variation with

template used. Two types of architectures are possible with respecthe input fluence.

to the positions of the metal domains within the PAMAM
dendrimer matrix: external (E) and internal {l).

metal-dendrimer nanocomposites under investigation were pre-

The optical properties of nanoscale metal domains are strongly pared in water (aqueous) solutiofts.

influenced by the surface plasmon (SP) resondhckhis is
relevant for the case of optical limiting where the material’s

The linear absorption spectra dfAg(0)}e and the pure
dendrimer host are shown in Figure 1. Tf®g(0)}e structure

absorption is dependent upon the intensity of the input beam. Theexhibits an SP resonance absorption peak in the visible region at

results we are reporting in this work were obtained with the
external (E) type{Ag(0)} —dendrimer architecture, structure
known agAg(0)}e: ({(Ag(0)es 57— PAMAM_E5.5COOAg). The
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around 414 nm. The pure dendrimer absorption consists mainly
of a strong peak at around 230 nm.

The nonlinear optical properties of these novel compounds were
investigated with 6.5 ns laser pulses from a frequency doubled
Nd:YAG laser at 532 nm, within their SP resonance spectral
range. The repetition rate of the laser pulses was varied between
2 and 10 Hz. The optical setup consisted of an /8 lens, focusing
the Gaussian beam (initial radius of 2.2 mm) to a spot radius of
~40um, and a power-meter positioned close to the output facet
of the 1 mm-thick sample cell. The control of the input energy
was obtained by a combination of quarter-wave plates and
polarizers.

The result of the nonlinear transmission measurement with a
pulse repetition rate of 10 Hz for a solution in a relatively low
concentration of 2.0« 104 mol/L is shown in Figure 2. When
the input fluence varies from 0.7 to 10.0 JAfaquivalent to the
increase of the peak irradiance from 0.2 to 1.3 GWjcthe
transmission decreases by 62%. The threshold fluence for optical
limiting is around 2.0 J/cf The optical limiting performance of
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Figure 3. Nonlinear transmission result for the external tyge(0)} e
structure at 532 nm, with the relative variation of the concentration
indicated in mol/L units. The open z-scan trace for initial concentrated
solution, at 532 nm anth = 0.42 GW/cn, is shown in the inset. The
dotted lines are guides to the eye.

{Ag(0)} e compares well to the results obtained with novel organic
structures such as: EHGDPPE! (where a transmission drop of
65% was obtained between 0 and 0.6 GWigiine AF-380 dy&
(exhibiting a threshold fluence of2 J/cnt and a transmission
loss of 60% for an input fluence increase up to 13 Jjcmand
single-walled carbon nanotube suspensibfshowing a threshold
fluence of~2 J/cnt and transmission decrease of 70% for fluence
increasing up to 6 J/cfh

We also carried out an investigation of the influence of the
solution concentration on the nonlinear transmission behavior.

As expected, the transmission decrease was less effective Withr

the reduction of the solution concentration, as indicated in Figure
3. We performed several cycles of increasing and decreasing th
peak irradiance between 0 andl.3 GW/cni, and the results

gave the same nonlinear transmission behavior as seen in Figur

3. Further information about the optical limiting processes
occurring in the{ Ag(0)} e structure at 532 nm was obtained by
utilizing the open z-scan technigden the same optical setup

configuration, with 10 Hz pulse repetition rate. From the open

z-scan result shown in the inset to Figure 2 it can be noticed that

drastic optical extinction, by a factor of 115, occurs for a
concentrated solution (5:9 10~ mol/L) of { Ag(0)} e at the laser
beam focus for a fluence of 3.3 J/&ifnelatively moderate input
irradiance of 0.42 GW/cA).

For optical excitation close to the linear absorption band, such
as at 532 nm fof Ag(0)} g, the cross sections for reverse saturable
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Figure 4. Nonlinear transmission results fpAg(0)} e in a concentration
of 2.95x 10~4 mol/L at 532 nm, with the variation of the pulse repetition
rate;t indicates the specific repetition periods.

excited-state lifetimes in this compound are very short, of the
order of picosecond$.RSA processes were seen to develop on
the time scale of the excited-state lifetime. As in the case of
pthalocyanine complexes, this is usually in the nanosecond
range!’” Therefore, we can suggest that the contribution of RSA
is small for the{ Ag(0)} e since the lifetime of the excited state is
extremely short. To explain the slow optical limiting effect we
observed we focus on absorption-induced nonlinear scatt&ring.
To gain insight into the relative time scale of the optical limiting
mechanism we investigated the dependence of the nonlinear
transmission on the pulse repetition rate. The results of this
investigation are shown in Figure 4 where the specific pulse
repetition periods are indicated. The transition from actual optical
limiting behavior, for repetition rates higher than 5 Hz, to the
transparency regime seen at a repetition rate of 3 Hz indicates
that the mechanism governing the optical limiting is slow. The
strong absorption at 532 nm can lead to local heating of the
aqueous solution at the focal spot which is then followed by the
eversible creation of scattering centers, most probably mi-
crobubbles, when approaching boiling temperattitédncreased

®heam scattering at large angles could be observed with the naked

eye at the power-meter aperture. Such thermally assisted scattering

%rocesses are indeed expected to occur on a millisecond time scale

and to be very sensitive to solvent boiling pdift®Measurements
were performed also on the internal type of -Adendrimer
nanocomposites which did not exhibit any optical limiting
behavior at 532 nm.

In this work we have demonstrated that a met&ndrimer
nanocomposite topology can exhibit large optical limiting at 532
nm by factors up to 115. The mechanism governing the optical
limiting observed is nonlinear scattering, most probably due to
bubble formation at the small laser spot. This important finding
indicates the feasibility of using novel metalendrimer nano-

absorption (RSA) and nonlinear scattering should be much highercomposites for applications in optical limiting devices and

than the cross section for two-photon absorptfohime-resolved
photoluminescence measurements{8ig(0)} ¢ showed that the
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