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Nonlinear optical properties of gold nanoclusters have J‘°° P(AD(t))dt
attracted wide attention, owing to their potential use as non- T(2) = — ~ (2)
linear optical devices.In the surface plasmon resonance [, R(adt

(SPR) absorption region, the material exhibits large optical
nonlinearities and ultrafast time respofis@he SPR peak whereP; is the instantaneous input power &id the aper-
position of spherically shaped gold particles embedded iture linear transmittancePr is the transmittance power
dielectrics can be predicted by the Mie theory: through the aperture, which is a function of the phase distor-
_ tion Ad,. The analytical form for Eq. (2) is not known and
&) + 26m(c) =0 @) thus an extensive computational procedure is necessary to
whereg, is the real part of the dielectric constant of the metabbtain the theoretical Z-scan transmittance. The normal pro-
particle, anden, the dielectric constant of the surrounding cedure of obtaining the nonlinear optical coefficients of a
dielectrics, andw, the surface plasmon resonance fre-sample by the Z-scan is that one measures experimentally
quency the Z-scan transmittance and fit the data to EqQ. (2). The fit-

The peak position of the SPR absorption band of Au nanding parameters are the nonlinear refractive index, together
clusters in common SiQylass £ = 2.3) occurs around 520 with the multiphoton absorption or saturation absorption
nm. As the dielectric constant of the matrix increases, theoefficient, if the processes are accompatiéthe Z-scan
SPR band is shifted to the longer wavelength. There hav@ethod also gives us the sign of the nonlinear refractive
been numerous reports on the linear and nonlinear opticétdex and absorption, as well as the magnitude.
properties of Au particles in SiOmatrices:” However, The experimental setup for the Z-scan measurement was
related studies in Tigare raré, owing to difficulties in prep-  shown in Figure 2. A femtosecond mode-locked Ti:sapphire
aration. Titanium oxide material has been known to possedgser system operating at 800 kHz was used as the light
a much largee value, compared to the silica glass. There-source. The laser pulsewidth measured by an autocorrelator
fore, the optical properties of Au:TiOcomposites are was 250 fs, assuming the séphlse shape. The beam diam-
expected to be much different from Au:Si@ecently, using  eter at the output isa. 2 mm having the TEM mode. To
the sol-gel and high temperature annealing technique, wiacrease the beam irradiance at the sample, the laser beam
have prepared Au nanoparticles embedded ia ffiid films was first enlarged by a beam expander and was focussed into
and reported some interesting characteristics of compositéée sample with a 10 cm lens. The beam size was measured
films, using X-ray, TEM and optical methoti&s shown in by scanning a 1.0m pinhole transversely at the beam waist
Figure 1, the peak of the SPR spectrum of gold nanoparticleand by fitting the measured intensity profile to a Gaussian
in TiO2 occurs at 647 nm. The crystalline form of the titaniafunction. The obtained beam radius was @3 The peak
matrix is anatase, having the dielectric constant value of 6.2ntensity on the spot was maintained as 5.6 G\W/dihe
Therefore, the SPR band is red-shifted by 130 nm, comparegptical density and the linear absorption coefficient are 0.38
to Au particles in Si@matrix. Another interesting feature and 2.9x 10'cm™ at 750 nm, respectively.
observed for Au:Ti@composites was that the peak is much The Z-scan was first conducted for a blank sample in
broadened than expected, due to spatial spreading and scafiich the TiQ film does not contain Au particles, and no
tering of electron, which contributes to the plasmon absorptransmittance change was observed at the beam intensity of
tion across the particle-matrix interface. 5.6 GW/cnd. With maintaining the same intensity, the Z-

In this work, we report the nonlinear optical properties of ascan measurement was performed for the Aw:Thd film.
sol-gel-processed Au:TiOthin film by using the Z-scan Figure 3 shows the Z-scan data with the closed aperture size
method. The Z-scan measures the normalized transmittan¢8) of 0.3. The peak-to-valley profile displayed in Figure 3
as a function of laser intensity with moving the sampledemonstrates that the sample exhibits a self-defocusing
through the focal plane of a lens. The normalized Z-scaeffect,i.e, it has a negative nonlinearity at 750 nm. It con-
transmittance is given by tains contributions from both of the nonlinear saturation
absorption and the nonlinear refractive index. The saturation
absorption enhanced the peak and diminished the valley of
“To whom correspondence should be addressed. Tel: +82-2-327the transmittance. The absorption coefficient under satura-
2383, Fax: +82-2-3277-2384, E-maul: mylee@mm.ewha.ac.kr  tion is given by"'?
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Figure 1. Absorption spectrum of Au nanoparticles in 7iO Figure 3. The closed aperture (S=0.3) Z-scan data for Aw
prepared by sol-gel processing and by high temperature annealircomposite. The solid curve is a fit to the data using the z
at 700°C. The average particle diameter of 25 nm has beertheory.

measured by TEM. The film thicknesscs 115 nm.
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Ti:sapphire Computer Using the Eq. 3@ and (6), we obtainéda)((s) -1A1x
Laser 10" esu and m)(( =2.07x 108 esu. Both the real and the

imaginary E)art of)((3) are negative. This corresponds to the
absolute)(( ) value of 1.18107 esu. The)((s) value of Au
a nanopatrticles in sol-gel-processed silica glass has been pre-
= O (3)  viously measured as an order of®i€su at 532 nrh.

1+ The X(S) value is proportional to the fourth power of the

where is the linear absorption coefficient in the absence dpcal field TaCtOffi-S‘s’l?Un'der resonance condition [Eq. (1)],
saturation|s is the saturation intensity. In the weak satura-the local field factor is given bly= 3/ &, wheree; is the

Figure 2. Schematic diagram for the Z-scan experimental setup.

a

tion limit, i.e., I/ls<< 1, Eqg. (3) is reduced to imaginary part of the metal dielectric constant. The absolute
o value of the local field factor for Au:Titanatase) is 14.6 at
a=ay(l-1/1y)=a, - |—0| = a, + Aal (4) 750 nm, which is five times larger than that of Au:5&D
s 520 nm (fi| = 2.9). This means that, by changing the dielec-

We obtained the saturation intensigog/I ) from the fit- tric medium, the nonlinear optical coefficient of Au nano-
ting by using Eq. (1) with the open aperture (S =1) datgparticles can be increased by more than two orders of
which has a maximum transmittance at the focus. The valu@agnitude. Our measurgd®  value showed only a ten-fold
is —1.48x 10° cm/GW. To calculate the value of the nonlin- enhancement, indicating that the volume fraction of gold
ear refractive index, the closed aperture (S=0.3) data weranoclusters in Tidis much smaller than that in SIO
fitted to Eq. (2). The solid curve in Figure 3 was obtained by In summary, the nonlinear optical properties of AuzTiO
fitting the data points witly= —-9.8x 102cn?/GW, wherey ~ composites have been studied, using the Z-scan technique.
is the real part of the nonlinear refractive index. In the casdhe sample exhibits a self-defocusing and saturation at the
of saturation absorption; is a complex number which has a ingut power of 5.6 GW/cf The sign and magnitude of

real and an imaginary patt, X )was obtained by fitting the Z-scan data to the theory.
ca The large enhancement for the third-order optical nonlinear-
n,=y+ iCA—a =y - j—2 (5) ity of Au:TiO, composites was described by taking into

2w 2wl g account the local field factor.
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