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Abstract

Al2O3 thin 8lms containing dispersed Au metal particles were prepared on quartz glass substrates by radio-frequency (r.f.)
co-sputtering technique and subsequent annealing at di:erent temperatures (200◦C, 400◦C and 600◦C) in argon atmosphere.
Transmission electron microscope images demonstrated a homogeneous distribution of nanoparticles in the matrix with average
size varied from 3.2 to 46 nm depending on the temperature of annealing. Optical absorption measurements revealed a band
in between 500 and 550 nm due to the surface plasmon resonance of the Au particles in the Al2O3 matrix. The transmission
electron di:raction study of some composite 8lms revealed that the nanoparticles formed in the 8lms are in crystalline state.
E:ects of the incorporated metal particles on the optical properties of the composite 8lms in the visible spectral range were
investigated.
? 2002 International Association for Hydrogen Energy. Published by Elsevier Science Ltd. All rights reserved.
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1. Introduction

Nanocomposite 8lms that consist of small metal particles
embedded in metal oxides have attracted attention because
they are expected to have many useful electronic and optical
properties as a result of quantum size e:ects [1,2]. These
systems 8nd useful applications in catalysis, photocatalysis,
sensors and novel optoelectronic devices. Glasses doped
with semiconductor [3,4] or colloidal metal [2,5–7] parti-
cles, for example, show high optical nonlinearity, and are
attractive candidates for utilization in optical devices.
Recently, several workers [8,9] have reported the prepara-
tion of semiconductor-doped metal oxide nanocomposites
which might have potential applications as catalysis and
photoelectrodes [10,11].

Nanoparticles often exhibit novel properties, which are
di:erent from the bulk materials properties. Many of these
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properties show strong dependence on size, shape and
surface [12]. The characterization of these properties can
ultimately lead to identifying many potential uses, partic-
ularly in the 8eld of optical devices. Research in this area
is motivated by the possibility of designing nanostructured
materials that possess novel electronic, optical, magnetic,
photochemical and catalytic properties. Such materials are
essential for technological advances in photonics, quantum
electronics, nonlinear optics and information storage and
processing.

In this work, we report on the preparation and char-
acterization of Au nanoparticles formed in Al2O3 ma-
trix. Nanometer sized Au particles embedded in Al2O3

matrix were prepared on quartz glass substrates by r.f.
co-sputtering technique and annealed subsequently at
di:erent temperatures. Formation and growth of Au
nanoparticles in Al2O3 matrix and their evolution on
post-deposition thermal annealing have been studied by
transmission electron microscopy (TEM), transmission
electron di:raction (TED) and optical absorption tech-
niques.
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2. Experimental

Al2O3 thin 8lms containing dispersed Au metal par-
ticles were deposited on quartz glass substrates by r.f.
co-sputtering technique. Three pieces of Au wires of 0.5
mm diameter were placed symmetrically on a 50 mm di-
ameter Al2O3 target and sputtered with 150 W r:f : power
at 15 mTorr Argon gas pressure. The content of Au in the
8lms varied by changing the length of Au wires (1, 3 and
6 mm) on the Al2O3 target, keeping the deposition time
for 6 h. The thickness of the as-deposited 8lms was mea-
sured by a surface pro8lometer. Some as-deposited 8lms
with di:erent Au content were annealed at 200, 400 and
600◦C for 2 h in argon atmosphere. For TEM and TED
study, the 8lms were deposited on carbon-coated NaCl
substrates and transferred subsequently to the copper grids.
Optical absorption, TEM and TED techniques were used
to characterize the 8lms. Optical absorption spectra of the
8lms were measured at room temperature using a Shi-
madzu UV-VIS-NIR 3101PC spectrophotometer over the
200–800 nm wavelength range. The microstructure of the
composite was observed by a JOEL-2010 TEM.

3. Results and discussion

Fig. 1 show the variation of 8lm thickness in the
as-deposited composite 8lms as a function of length of
the Au wires placed on the Al2O3 target. We observed that
the thickness of the 8lms increased progressively with the
increase of length of the Au co-targets used in the prepara-
tion of the samples.

Formation of Au nanoparticles in the 8lms is evident from
TEM images. Fig. 2 shows typical TEM microphotographs
of as-deposited Au=Al2O3 composites 8lms prepared with
di:erent Au content and the size distribution of the Au
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Fig. 1. Thickness of the as-deposited composite 8lms as a function
of the length of Au co-targets.

nanoparticles measured from the photographs. We can ob-
serve the formation of Au particles which are dispersed uni-
formly in the matrix. In the composite 8lms prepared with
Au wires of 1 mm, the size of the Au particles were in the
range of 1–7 nm, and the average size was 3:2 nm. The in-
crement in the Au content of the 8lms caused a small in-
creased in the average size of the Au particles. For the 8lms
prepared with Au wires of 3 mm, the average size of the
nanoparticles was 5:1 nm.

When the 8lms were annealed at 200◦C, the dimension of
the particles did not increased noticeably. However, when
the annealing temperature of the samples increased to 400◦C
and 600◦C, a considerably increment in the dimension of the
nanoparticles was observed. Fig. 3 shows TEM micrographs
of the Au=Al2O3 composite thin 8lms prepared with Au
wires of 3 mm. It is evident that to annealing temperature
of 400◦C and 600◦C, the small Au particles aggregated to
form bigger particles, with an average size of 25 and 46 nm,
respectively.

Formation of Au nanoparticles in the 8lms is also evident
from their optical absorption spectra, since, it is well known
that small metallic particles show the optical absorption in
the ultraviolet–visible region due to the excitation of the
surface plasmon resonance (SPR) of the free electrons [13].
Fig. 4 shows the optical absorption spectra of the Au=Al2O3

thin 8lms prepared with three pieces of Au wires of 6 mm.
The spectra were recorded by using a quartz glass as ref-
erence material. The spectra revealed an absorption in the
short wavelength region of ¡ 450 nm, which is due to 5d
to 6sp interband transition [9] and exhibit a broad absorp-
tion band at around 517 nm, which was assigned to the SPR
of Au particles. The intensity of the SPR absorption band
increased progressively with the increase of the annealing
temperature of the 8lms. This e:ect is attributed to the
increment in the particle size caused as mentioned above, by
the increases of the annealing temperature of the samples,
since, the SPR absorption of small metal particles is origi-
nated from the collective motion of the conduction electrons
interacted with external electromagnetic 8eld of the incident
radiation.

Fig. 5 shows the evolution of the optical absorption spec-
tra of Au=Al2O3 thin 8lms with the variation of the Au con-
tent. The intensity of the SPR absorption band increased
with the increase of the Au content in the composite 8lms.
This behavior is due to the increase in the size of the Au
particles on increasing the Au content in the composite
8lms.

Electron di:raction pattern of as-grown composite 8lms
prepared with three pieces of Au of 1 mm indicated that the
nanoparticles formed in this 8lms are in crystalline state.
The TED pattern showed concentric rings whose sequence
corresponds to a face-centered-cubic phase. The values of
interplanar spacing dhkl calculated from the diameters of
the di:raction rings agree well with those of bulk gold. In
Fig. 6, a typical TED pattern of the Au nanoparticles is
presented.
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Fig. 2. Typical TEM micrographs of as-deposited Au=Al2O3 composite thin 8lms prepared with three pieces of Au wires of: (a) 1 mm; and
(b) 3 mm length and the size distribution of the Au nanoparticles in them.

Fig. 3. Typical TEM images of Au=Al2O3 composite thin 8lms prepared with three pieces of Au wires of 3 mm length and annealed at:
(a) 400◦C; and (b) 600◦C, and their size distribution of the Au nanoparticles.



640 J. Garc�)a-Serrano, U. Pal / International Journal of Hydrogen Energy 28 (2003) 637–640

350 400 450 500 550 600 650 700

0.2

0.3

0.4

0.5

0.6

517 nm

(d)

(c)

(b)

(a)

Wavelength (nm)

A
bs

or
ba

nc
e 

(a
. 

u)

Fig. 4. Optical absorption spectra of: (a) as-grown; (b) 200◦C;
(c) 400◦C; and (d) 600◦C annealed Au nano-particles dispersed
in Al2O3 thin 8lms.
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Fig. 5. Optical absorption spectra of Al2O3 thin 8lms annealed at
400◦C and prepared with: (a) only Al2O3; (b) Au wires of 1 mm;
(c) Au wires of 3 mm; and (d) Au wires of 6 mm.

4. Conclusions

In conclusion, Au nanoparticles were formed in Al2O3

matrix by r.f co-sputtering technique. The formation of Au
nanoparticles was demonstrated by TEM, TED and optical
absorption. The intensity of the SPR absorption band char-
acteristic of Au nanoparticles increased with the increase
of particles size. The position of the SPR absorption band
is independent of Au particle size. The TED pattern of the
as-grown composite 8lms prepared with three pieces of Au
of 1 mm revealed that the nanoparticles formed in this 8lms
correspond to Au in crystallized state, the pattern showed

Fig. 6. A typical TED pattern of Au nanoparticles formed in
as-grown composite 8lms prepared with three pieces of Au of
1 mm.

concentric circles characteristic of a face-centered-cubic
phase.
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