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We report a simple approach to prepare An/polystyrene (PS) composite photonic crystals. In this 
approach, Au nanopraticles protected by thiol molecules were synthesized by two-phase system 
using dimethylamine-boran as reducing agent at low temperature. PS microstructures containing the 
obtained Au nanoparticles were prepared by polymerization of styrene monomer in the presence of 
Au nanoparticles using a silica inverse opal as template. The composites with different Au content 
were prepared, and their structural and optical characteristics were characterized by transmission 
electron micrscopy (TEM) and optical absorption spectroscopy, respectively. The relationship 
between microstructures including particle size and volume fraction of metal phase, and optical 
properties has been systematically evaluated. These characterization indicate that reflection peak of 
the obtained composite can be controlled by the volume fraction of Au nanoparticles. 
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1. INTRODUCTION 
ln recent years, much attention has been paid to 

studies of composite nanostructures consisting of 
inorganic nanoparticles and organic matrices.[l-3] Such 
nanocomposite can be useful in the field of optics and 
electronics.[4-6] On the other hand, they have been of 
great interest because they provide a good model system 
for studying experimentally interaction with inorganic 
and organic materials.[7-9] Thus, preparation of 
nanocomposite containing nanoparticles has become a 
significant research field. 

Photonic crystals, which are ordered dielectric 
structures with lattice parameters comparable to the 
wavelength of light, have shown attracted much 
attention because they exhibit characteristic photonic 
band gap.[lO,ll] In particular, much effort has focused 
on fabricating three-dimensional photonic crystals. 
Monodisperse polymer latex and Si02 spheres are the 
most widely utilized materials for the fabrication of 3D 
colloidal photonic crystals.[12-14] Various methods 
based on self-assembly have been developed to prepare 
colloidal photonic crystals, including vertical 
deposition,[l2] gravitational sedimentation,[l3] and 
Langmuir-Blodgett approach.[l4] The optical properties 
of photonic crystals prepared by these techniques mainly 
depend on the latex diameter (lattice constant) and the 
refractive indexes of the dielectrics. A variety of 
methods are now accessible for controlling the optical 
properties of photonic crystals. Control of the photonic 
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band gap has mostly been achieved via preparation of 
elastic photonic crystals. [15, 16] The lattice constant of 
such crystals can be controlled by applying compression, 
resulting in tune of photonic band gap. Other approaches 
have tuned the photonic band gap by infiltrating 
mediums (organic solvents and liquid crystals) into 
voids of crystal.[17,18] However, the both processes 
usually require an external stimulus, and the filtration of 
organic solvents does not provide control of photonic 
band gap over a wide spectral range. 

The development of facile methods for controlling the 
photonic band gap is an important challenge. Herein, we 
report a simple method that allows control of the 
photonic band gap. Control is achieved through 
incorporation of Au nanoparticles in polystyrene 
photonic crystal during styrene polymerization using 
Si02 inverse opal as a template. The reflection peak is 
controlled simply by altering volume fraction of Au 
nanoparticles in PS photonic crystal, thus providing an 
alternative process to conventional approaches. 

2. EXPERIMENTAL 
Synthesis ofDDT-stabilized Au Nanoparticles 

Au nanoparticles were prepared by Brust method.[l9] 
Briefly, a solution of tetraoctylammonium bromide (328 
mg, 0.60 mmol) in toluene (40 mL) was added to an 
aqueous solution of HAuC14 • 4H20 (15 mM, 20 mL, 
0.30 mmol). A solution of 1-dodecanethiol (DDT) (65.5 
mg, 0.3 mmol) in toluene (10 mL) was then gradually 



718 Preparation and Characterization of Au Nanoparticles/Polymer Composite Photonic Crystals 

Figure 1. Schematic illustration for preparation of PS sphere-linked photonic crystals. 

added to the resulting mixture while stirring vigorously, 
followed by dropwise addition of a freshly prepared 
aqueous solution ofNaBH4 (0.30 M, 10 mL, 3.0 mmol). 
After stirring the mixture for 3 h, the organic layer was 

separated, and concentrated to dryness under reduced 
pressure. The black solid thus obtained was heated at 
170 oc for 20 min to grow Au nanoparticles.[20] 
Preparation of Si02 Inverse Opals. 

Aqueous suspension of polystylene (PS) latex spheres 
(diameter: 230 nm) were purchased from Seradyn. 
Photonic crystals based on PS spheres were prepared by 
evaporation-induced self-assembly on a glass substrate. 
The PS PCs were then heated at 80 oc for 30 min to 
induce the interconnection between PS spheres. 
!-Propanol solution containing Si02 nanoparticles with a 
diameter of 5 nm and 11 nm was infiltrated in the PS 
substrate. Finally, the substrate was heated at 450 oc for 
I 0 h to remove PS spheres. 

Preparation of Au Nanoparticles/PS Composite. 
The mixture ofto1uene containing DDT-stabilized Au 

nanoparticles and monomer solution (styrene, 
divinylbenzene, and 2, 2' -azoisobutyronitrile) was 
infiltrated in the Si02 inverse opal template. The sample 
was heated at 60 °C for 12 h under Ar atmosphere. The 
obtained polymer-silica composite was then immersed 
into aqueous HF. 

3. RESULTS AND DISCUSSION 
Preparation of PS Photonic Crystals using Si02 

Inverse Opal as a Template. 
Figure 1 schematically describes the procedure for the 

preparation of PS photonic crystals, Si02 inverse opals, 
and PS spheres-linked photonic crystals. SEM image of 
the obtained PS photonic crystals are shown in Figure 
2A. It can be seen that the colloidal crystals shown a 
highly ordered face-centered cubic packing. The average 
latex diameter is around 230 nm, almost the same size as 
the initial latex dispersed in aqueous solution. After the 
infiltration of Si02 nanoparticles into voids of PS 
photonic crystals and the heat treatment, the spherical 

Figure 2. FE-SEM images of PS photonic crystals 
(A), Si02 inverse opals prepared from nanoparticles 
(B), and PS sphere-linked photonic crystals prepared 
by polymerizatin of styrene monomers (C). 

voids in the Si02 films are arranged in well-ordered, 
closed-packed structures over areas of more than 40000 
rxm2

• However, the appearance of cracks was observed 
because of shrinkage of Si02 during the process. For PS 
photonic crystal and Si02 inverse opal, reflection peak is 
clearly observed at 560 and 398 nm, respectively (Figure 
3). The wavelengths of these peaks are comparable to 
those of calculated peaks (PS: 580 mn and Si02: 396 
nm) from the following Bragg's equation with Snell's 

law[21] 

(1) 

where Jc, d, ne, and e are peak position, interplanar 
spacing of the plane, effective refractive index, and 
angle of incident light, respectively. 

The Si02 inverse opals can be used as template for 
preparation of PS spheres-linked photonic crystals. As 
shown in Figure 2C, SEM image of the product after 
polymerization of styrene exhibits that the ordered 
arrangement of PS spheres is consistent with the initial 
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Wavelength I nm 

Figure 3. Reflection spectra of PS photonic crystals 

(solid line), Si02 inverse opals prepared from 

nanoparticles (dotted line), and PS sphere-linked 

photonic crystals prepared by polymerization of 

styrene monomers (dashed line). 

PS photonic crystals. However, PS sphere size decreases 

to 220 nm, providing blue-shift of reflection peak of 

photonic crystals from 560 to 535 nm (Figure 3). 

Changes in diameter of sphere can be caused by the 

shrinkage of Si02 nanoparticles during the preparation 

of inverse opals. 

Preparation of Au Nanoparticles/PS Composite. 
PS sphere-linked photonic crystals containing Au 

nanoparticles were prepared by the polymerization of 

styrene monomer with Au nanoparticles using Si02 

inverse opal as the template. The SEM in Figure 4 

confirms that no change in the arrangement of PS 

spheres without and with Au nanoparticles was observed. 

To evaluate the dispersibility of Au nanoparticles in PS 

photonic crystals, TEM observation was performed for 

the PS photonic crystals containing 10 mass% Au 

nanoparticles. The nanoparticles were dispersed in PS 

photonic crystals without the formation of aggregates 

(Figure 5). Figure 6 shows the effect of Au volume 

fraction in photonic crystals on the wavelength of 

reflection peak. The reflectance spectra indicate that the 

peak position depends on the volume fraction of Au 

nanoparticles. The reflection peak shifted from 535 nm 

to 480 nm as the contents of Au nanoparticles increased 

from 0 to l 0 mass%. One possible explanation is that the 

lattice constant decreases with increasing volume 

fraction of Au nanopatiicles. However, SEM 

observation revels the formation of PS spheres with 220 

nm, almost the same size for every sample. Therefore, 

the blue-shift may be induced by changing the effective 

dielectric constant of Au/PS composite with different Au 

volume fraction. 

Figure 4. FE-SEM images of PS sphere-linked 

photonic crystals prepm·ed by polymerization of 

monomer solution containing 0 mass % (A), 5 

mass% (B), and 10 mass% Au nanoparticles (C). 

Figure 5. TEM images of PS sphere-linked 

photonic crystals prepared by polymerization of 

monomer solution containing 10 mass% Au 

nanoparticles. 

Wavelength I nm 

Figure 6. Reflection spectra of PS sphere-linked 

photonic crystals prepared by polymerization of 

monomer solution containing 0 mass % (solid line), 

5 mass% (dashed line), and 10 mass% Au 

nanoparticles (dotted line). 

719 



720 Preparation and Characterization of Au Nanoparticles!Polymer Composite Photonic Crystals 

4. CONCLUSION 

We have successfully prepared PS spheres-linked 
photonic crystals. The Si02 inverse opals can be used to 
prepare the linked PS photonic crystals. Since the 
resultant photonic crystals are becoming free-standing 

and have good stability. In addition, PS photonic crystals 
containing Au nanoparticles can be prepared using the 
mixed solution of styrene monomer and Au 
nanoparticles during the process for preparation of 
photonic crystals. We have demonstrated that the 
photonic band gap of the composite crystals can be 

controlled by changing the volume fraction of Au 
nanoparticles, which can be caused by changes of the 
dielectric constant of composite films. This method 
allows control of photonic band gap without changes in 
the arrangement and lattice constant of PS photonic 
crystals, the ability of which is expected to be useful for 
fabrication of optical devices. 
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