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Submicrometer-sized polystyrene colloidal spheres were coated with hybrid films consisting
of HgTe semiconductor nanocrystal (HgTe NC) and polyelectrolyte (PE) multilayers by the
layer-by-layer (LbL) technique. The prepared coated spheres were crystallized, forming
composite colloidal crystals. Increasing the number of the HgTe NC layers deposited on the
colloidal spheres leads to an increase in both the diameter and the effective refractive index
of the spheres, which causes a systematic red shift of the stop bands of the composite colloidal
crystals. The photoluminescence properties of the HgTe NCs assembled around the spheres
in the composite colloidal crystals are impacted by the stop band of the colloidal crystals,
giving rise to modifications of their emission properties. A titanium(IV) isopropoxide (TIP)/
isopropyl alcohol solution was infiltrated into the voids of the colloidal crystals, and after
solidification of TIP and removal of the colloidal crystal template by calcination, composite
TiO2/HgTe inverse opals with HgTe embedded in the interior surface of the macroporous
TiO2 were obtained. The strategy presented demonstrates the feasibility of fabricating
composite photonic crystals (both colloidal crystals and inverse opals) from nanoscale-coated
colloidal spheres. Such composite opaline photonic crystals provide a means of combining
electronic confinement, originating from the NCs, with photon confinement, due to the
ordered dielectric structures, hence opening new avenues in the design and construction of
novel electrooptical devices based on photonic crystals.

Introduction

Three-dimensional (3D) ordered dielectric structures
with lattice parameters comparable to the wavelength
of electromagnetic waves are attracting considerable
interest, mainly because of their possible applications
as 3D photonic band gap (PBG) crystals.1 Photonic
crystals exhibit a PBG, an energy range for which light
cannot propagate in any direction inside the crystal,
giving them the unique properties of localizing light and
controlling spontaneous emission. These ordered ma-
terials are of interest in diverse applications, ranging
from optics to optoelectronics, and even to optical
computers.2 Structures with a PBG in the optical
(infrared3a and near-infrared3b) region have been fab-
ricated by lithographic “stacking” techniques. As the

structures are further scaled down to below infrared
wavelengths, the aligning of subsequent layers to form
ordered 3D materials becomes difficult, and sample
yields decrease as additional layers are stacked. The
fabrication procedures currently available also make
this process tedious and expensive.

Self-assembly of monodisperse colloidal spheres pro-
vides an alternative and versatile route for the fabrica-
tion of optical photonic crystals.4 Monodisperse colloidal
spheres (e.g., silica or polymer) are known to spontane-
ously self-organize into several crystal structures (face-
centered-cubic, fcc, or body-centered-cubic, bcc) with
long-range periodicity. An inverted structure of colloidal
crystals, or inverse opal, is a 3D macroporous structure
that comprises highly ordered air spheres intercon-
nected to each other by small channels.5 These macro-
porous structures can be produced by infilling the voids
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with other materials and by removing the colloidal
crystal templates by calcination or etching. By using
approaches such as sol-gel chemistry, electrodeposition,
and chemical vapor deposition and a variety of colloidal
crystals as templates, inverse opals with a range of
compositions have been prepared, including metals,6
metal oxides,7 semiconductors,8,9 carbon,10 and poly-
mers.11

The formation of an absolute (i.e., complete) PBG in
the visible and near-infrared wavelength range requires
a high refractive index contrast (>2.8) for simple
structures (fcc or bcc) and negligible absorption. The
wavelength of the absorption edge of the materials,
however, is proportional to the fourth power of the
refractive index,8a so few materials (e.g., silicon) satisfy
this requirement to form an absolute PBG in the near-
infrared range.9 Although most colloidal crystals or
inverse opals with simple structures (fcc or bcc) do not
produce an absolute PBG in the visible and near-
infrared wavelength range (often because of low refrac-
tive index contrasts), they show optical stop bands along
certain crystal directions (i.e., they only exhibit a pseudo
band gap). This property can, however, be exploited to
modify the spontaneous emission of organic dyes,12 rare-
earth ions and their organic complexes,13 and semicon-
ductor nanocrystals (NCs)14 embedded in the voids of
colloidal crystals.

Semiconductor NCs with sizes comparable to the
electron de Broglie wavelength (1-10 nm) exhibit size-

tunable electronic and optical properties due to 3D
electronic confinement.15 Doping of PBG crystals with
luminescent semiconductor NCs permits the realization
of the combination of electronic and photonic confine-
ment, which might enable one to engineer the electron
and photon densities of states separately within one
structure. This would provide a potentially powerful
means to create novel light sources with controllable
spontaneous emission. To date, semiconductor NCs have
been introduced into the voids between spheres of silica
colloidal crystals using chemical vapor8c-d,9,14a and elec-
tro- or chemical bath deposition,8b,14b,c as well as colloid
chemical techniques.8a,14d-e

In the current work, we report an alternative and
flexible approach for forming composite photonic crystal
structures. We employ colloidal spheres coated with a
hybrid shell of semiconductor NCs and polyelectrolytes
(PEs) as the building blocks for fabricating colloidal
crystals. The spheres were prepared by the layer-by-
layer assembly technique,16 which is based on the
electrostatic interaction between oppositely charged
species deposited onto colloidal spheres.17 This approach
provides a facile way to form core-shell particles with
nanoscale control over the coating thickness and com-
position, and final particle diameter. Colloidal crystals
are formed from polystyrene (PS) spheres coated with
HgTe NC/PE multilayers of different thicknesses. The
influence of the number of HgTe NC layers on the
optical properties of the colloidal crystals is investigated.
The photoluminescence characteristics of the HgTe NCs
in the composite colloidal crystals are also examined.
Additionally, TiO2/HgTe composite inverse opals are
prepared by using the colloidal crystals of the HgTe NC/
PE multilayer-coated colloidal spheres as templates. The
current work builds on our preliminary study, where
we demonstrated the crystallization of coated colloidal
spheres comprising polystyrene cores and CdTe NCs
embedded in a preassembled three-layer-thick PE film.18

Experimental Section

Materials. Poly(allylamine hydrochloride) (PAH), Mw 8000-
11 000, and poly(sodium 4-styrensulfonate) (PSS), Mw 70 000,
were obtained from Aldrich. PSS was dialyzed against Milli-Q
water (Mw cutoff 14 000) and lyophilized before use. Details
on the synthesis of the negatively charged HgTe NCs (3.5 nm
diameter, 13 mmol L-1 with reference to Hg) capped by
thioglycerol can be found elsewhere.19 Negatively charged
sulfate-stabilized polystyrene (PS) spheres of diameter 640 nm
were prepared as described earlier.20 Sodium chloride (NaCl),
isopropyl alcohol (IPA), and titanium(IV) isopropoxide (TIP)
were purchased from Aldrich. The water used in all experi-
ments was from a three-stage Millipore Milli-Q Plus 185
purification system and had a resistivity higher than 18.2
MΩ cm.
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Coating of PS Spheres with HgTe NC/PE Multilayers.
Prior to the deposition of the HgTe NC layers, a “primer” three-
layer PE film was formed by the alternate adsorption of PAH
and PSS (1 mL from 1 mg mL-1 solutions containing 0.5 M
NaCl) onto 0.2 mL of negatively charged PS spheres (1 wt %,
∼1010 spheres), as described earlier.21 The PE adsorption time
was 20 min. After each adsorption step, excess PE was
removed by four repeated centrifugation (5000g for 10 min)/
wash/redispersion cycles. The three-layer PE-coated PS spheres
had a positively charged surface, as determined by microelec-
trophoresis experiments.21

The HgTe NC coatings on the PS spheres were formed by
the addition 0.8 mL of an aqueous NC solution to 0.2 mL of
the PE-coated PS colloidal dispersion, allowing 60 min for NC
adsorption, removing excess NCs by four repeated centrifuga-
tion (5000g for 10 min)/wash/redispersion cycles, and subse-
quently depositing PAH/PSS/PAH (1 mL from 1 mg mL-1

solutions containing 0.5 M NaCl), as outlined above for the
primer layers. This process was repeated until the desired
number of NC/PE layers was formed. To form colloidal crystal
films on quartz slides, an additional PAH/PSS double layer
was deposited on the HgTe NC/PE multilayer-coated spheres,
as this facilitated formation of the crystals (see later). The
resulting coated spheres are denoted as PS-(PE3/HgTe NC)n/
PE2, where n is the number of the PE3/HgTe NC layers.

Fabrication of Composite Colloidal Crystals from
Coated Spheres. Colloidal crystals of the coated spheres were
formed on quartz slides using a method similar to that
introduced by Nagayama et al.22 The cell for crystallization of
the particles consisted of a 2-cm-thick poly(tetrafluoroethylene)
(Teflon) block with a 1-cm-diameter opening running through
the middle. This block was placed on the quartz slide, and the
slide and Teflon block were then clamped between two steel
plates having a 1-cm circular opening [positioned directly over
the opening in the poly(tetrafluoroethylene) block]. Forty
microliters of the PS-(PE3/HgTe NC)n/PAH/PSS colloidal
dispersion was placed in the chamber, and after water
evaporation, colloidal crystal films of 1 cm in diameter were
obtained.

Synthesis of TiO2/HgTe Inverse Opals. An IPA solution
of TIP was used as supplied to form TiO2. The volume ratio of
TIP to IPA in the solution was about 1:10. The IPA/TIP
solution was pipetted onto the PS-(PE3/HgTe NC)n/PAH/PSS
colloidal crystal film on the quartz slide [no poly(tetrafluoro-
ethylene) block present]; another quartz slide was immediately
placed on top of the colloidal crystal film; and two clips were
used to tightly fix these two slides, with the colloidal crystal
film sandwiched between the two slides. The samples were
then dried under ambient conditions. The soaking and drying
cycle was repeated 5 times to ensure that the voids between
the colloidal spheres in the templates were sufficiently filled.
After removal of the material (PS spheres and PE multilayers)
by calcination (heating to 500 °C at a rate of 5 °C min-1 under
nitrogen and then at 500 °C for 1-2 h under oxygen), TiO2/
HgTe composite inverse opal films were formed on quartz
slides.

Characterization. Scanning electron microscopy (SEM)
measurements and energy-dispersive X-ray (EDX) spectra
were collected with a JEOL/JSM-63330F field-emission scan-
ning electron microscope operated at 5 kV. SEM samples were
placed on carbon surfaces and then sputter-coated with Au
(∼5 nm thick). Transmission electron microscopy (TEM)
measurements were undertaken with a Philips CM12 micro-
scope operating at 120 kV. The reflection spectra were recorded
with an infrared spectrophotometer (Bruker IFS66) in the
near-infrared range at an angle of incidence of 12°. Photolu-
minescence (PL) spectra of the PS-(PE3/HgTe NC)2/PE2 col-
loidal crystals were collected by exciting them with an argon
ion laser (λ ) 514 nm) and detecting the PL with a cooled Ge
photodiode (North Coast EO 817L).

Results and Discussion

Composite Colloidal Crystals of PS-(PE3/NC)n/
PE2 Spheres. HgTe NCs that display strong emission
in the near-infrared range have been synthesized as
aqueous dispersions.19 Previous work has shown that,
using the electrostatic interaction between negatively
charged HgTe NCs and positively charged polyelectro-
lytes, HgTe NC/PE nanocomposite multilayer films can
be built up on planar surfaces.23 In the current work,
to fabricate uniform HgTe NCs films on PS spheres, PE
multilayers (PAH/PSS/PAH, PE3) were deposited on the
spheres prior to deposition of the HgTe NCs. The PE
multilayers provide a smooth and uniformly charged
outer surface to facilitate the adsorption of HgTe NCs.
The outer layer was PAH, therefore providing a posi-
tively charged surface for adsorption of the HgTe NCs.
Each HgTe NC adsorption step was followed by the
deposition of a PE3 film to regenerate a uniform surface
charge prior to the next HgTe NC adsorption step.

TEM confirmed the formation of PE/HgTe NC mul-
tilayers on colloidal spheres. Figure 1a shows a TEM
micrograph of a 640-nm PS sphere coated with a (PE3/
HgTe)2 multilayer film and capped with an additional
PAH/PSS bilayer film (PE2) [PS-(PE3/HgTe NC)2/PE2].
The outermost PE2 film is of significant importance in
the formation of the colloidal crystals (see below). The
HgTe NCs in the coating can be seen because they have
a higher electron contrast than the PEs. High-resolution
TEM allows visualization of single HgTe NCs in the
composite multilayer shell on the PS spheres, clearly
showing resolved lattice planes of single crystalline
particles (Figure 1a inset). The diameters of the PS
spheres coated with different numbers of HgTe NC
layers are about 660 nm for PS-(PE3/HgTe NC)1/PE2,
675 nm for PS-(PE3/HgTe NC)2/PE2, and 690 nm for
PS-(PE3/HgTe NC)3/PE2. This highlights that the thick-
ness of the nanocomposite multilayer shell can be
controlled by varying the number of layers deposited:
the PE3/HgTe NC film thickness is about 8-10 nm.

The nanocomposite multilayers, (PE3/HgTe NC)n/PE2,
on the PS spheres form a smooth film. The resulting
core-shell spheres should therefore behave similarly to
uncoated particles and form ordered colloidal crystals
when allowed to sediment under controlled drying
conditions. We found that, if the HgTe NCs formed the
outermost layer on the PS spheres, it was difficult to
prepare colloidal crystals with long-range order. This
was overcome by the deposition of an additional PAH/
PSS bilayer film on the PS-(PE3/HgTe NC)n spheres,
in agreement with our recent work on the crystallization
of spheres coated with PE/gold nanoparticle multilayers,
where PE coatings with outermost PE layers were found
to be essential for forming crystals.24 Having PSS as
the outermost layer was also necessary for the formation
of colloidal crystal films on the quartz slides because of
the negatively charged quartz surface. Figure 1b shows
a typical SEM micrograph of a colloidal crystal film
formed from PS-(PE3/HgTe NC)2/PE2 spheres on hy-
drophilic quartz slides. The structure of the resulting
colloidal crystal is identical to that obtained with
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molecules 1999, 32, 2317.

(22) Denkov, N. D.; Velev, O. D.; Kralchevsky, P. A.; Ivanov, I. B.;
Yoshimura, H.; Nagayama, K. Langmuir 1992, 8, 3183.

(23) Rogach, A. L.; Koktysh, D. S.; Harrison, M.; Kotov, N. A. Chem.
Mater. 2000, 12, 1526.

(24) Liang, Z.; Susha, A. S.; Caruso, F. Adv. Mater. 2002, 14, 1160.

2726 Chem. Mater., Vol. 15, No. 14, 2003 Wang et al.



uncoated particles. The (111) plane of the face-centered-
cubic (fcc) structure is formed along the direction
perpendicular to the quartz slide surface, and square
arrays of bcc structure are observed occasionally in the
interstices between hexagonally packed domains. The
view of the resulting colloidal crystals through crack
domains, indicated by an arrow in Figure 1b, shows
(110) planes of fcc structures, revealing the 3D nature
of the colloidal crystal film.

Figure 2 shows a typical near-infrared (NIR) reflec-
tance spectrum from colloidal crystals formed from PS-
(PE3/HgTe NC)2/PE2 spheres. The specular reflectivity
peak, so-called stop band, is clearly visible, which is due
to reflection of the incident light by the resulting PS-
(PE3/HgTe NC)2/PE2 colloidal crystal. The Fabry-Perot
fringes, indicated by the arrows in Figure 2, are due to
the interference between the reflection of light from the
top and bottom surfaces of the samples. The prominent

feature in the data is that the observed stop bands red
shift with the number of PE3/HgTE NC layers deposited.
The stop band of the bare PS colloidal crystal occurs at
1345 nm (not shown), whereas the stop bands of col-
loidal crystals of the PS spheres coated with one, two,
and three PE3/HgTe NC layers are located at 1425,
1435, and 1460 nm, respectively. Using colloidal crystals
made from uncoated PS spheres as a reference, the
largest red shift (from 1345 to 1425 nm) was observed
for the deposition of PE3/HgTe/PE2 multilayers on the
PS spheres. This is attributed to the increase in both
the diameter and the effective refractive index of the
prepared coated spheres, according to the Bragg equa-
tion.25 The smaller relative changes for the higher layer
numbers (n ) 2 and 3) can be attributed to variations
in the HgTe NC loadings and the thicknesses of the
coatings. Assuming that a HgTe NC monolayer is
formed on the PS spheres, the layer thickness is equal
to the size of the HgTe NCs, 3.5 nm. The PE (either
PAH or PSS) monolayer thickness is 1.5 nm;21 hence,
the HgTe NC volume fractions for the PS-(PE3/HgTe
NC)PE2, PS-(PE3/HgTe NC)2PE2, and PS-(PE3/HgTe
NC)3PE2 spheres can be calculated to be 3, 6, and 8%,
respectively. Considering the low volume fractions of
HgTe NCs in the coated spheres, the red shift of the
stop band with increasing coating thickness (i.e., num-
ber of layers) on the PS spheres is dominated mainly
by the size change of the coated spheres, largely caused
by the PE coatings. Our previous work showed that the
optical stop band of colloidal crystals made of PS spheres
coated with PE multilayers could be red shifted by about
50 nm for an eight-layer PAH/PSS coating.24

The HgTe NCs used here have a strong emission in
the region of 1000-1500 nm, which overlaps with the
stop bands of the prepared composite PS-(PE3/HgTe
NC)nPE2 colloidal crystals. Photoluminescence (PL)
measurements show that the stop bands of the PS-
(PE3/HgTe NC)nPE2 colloidal crystals suppress the
emission of the HgTe NCs. In the case of using the
transmission mode to detect PL, the emission of the

(25) λ ) 2(2/3)1/2D(n2 - sin θ)1/2, where λ is the wavelength of the
stop band of the colloidal crystals, D is the diameter of the spheres, n
is the effective refractive index, and θ is the incident angle. See, for
example: Flaugh, P. L.; O’Donnell, S. E.; Asher, S. A. Appl. Spectrosc.
1984, 38, 847.

Figure 1. (a) TEM micrograph of a PS sphere coated with a
(PE3/HgTe NC)2/PE2 nanocomposite multilayer film. A high-
resolution TEM image is shown in the inset. The scale bar in
the inset corresponds to 5 nm. (b) SEM micrograph of a
colloidal crystal made from PS spheres coated with a (PE3/
HgTe NC)2/PE2 nanocomposite multilayer film. The PS spheres
used are 640 nm in diameter. The HgTe nanocrystals are 3.5
nm in size. The white arrow indicates the (110) plane of the
fcc structure of the colloidal crystal.

Figure 2. Near-infrared reflectance spectrum of the colloidal
crystal formed from PS-(PE3/HgTe NC)2/PE2 spheres. The
spectrum was recorded at an angle of incidence of 12°. The
arrows indicate the Fabry-Perot fringes.
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HgTe NCs on PS spheres forming PS-(PE3/HgTe NC)2/
PE2 colloidal crystals first penetrates through the
colloidal crystals and then is collected by a detector,
which allows observation of the stop band effect on the
PL of the NCs. The PL spectrum of the PS-(PE3/HgTe
NC)2/PE2 colloidal crystal recorded by using transmis-
sion mode exhibits a dip located around 1450 nm (Figure
3, solid line). Considering that the PS-(PE3/HgTe NC)2/
PE2 colloidal crystal has a stop band located at 1435
nm at an incident angle of 12° (Figure 3, dotted line), a
stop band of 1453 nm at the incident angle of 0° (normal
transmission or reflection) can be calculated from the
Bragg equation.25 Therefore, the emission dip (1450 nm)
in the PL spectrum of the PS-(PE3/HgTe NC)2/PE2
colloidal crystal is close to the reflectance maximum of
the PS-(PE3/HgTe NC)2/PE2 colloidal crystal (1453 nm),
which demonstrates modification of the emission of the
HgTe NCs deposited on the PS spheres by the stop band
of the PS-(PE3/HgTe NC)2/PE2 colloidal crystals. In
contrast, in the case of using the scattering mode to
detect the PL, the emission collected by the detector
comes mostly from the HgTe NCs on the top surface of
the colloidal crystals, so the stop band of the resulting
colloidal crystal (Figure 3, dotted line) has little influ-
ence on the resulting spectra (Figure 3, dashed line).

Importantly, our method of embedding light-emitting
species into colloidal crystals utilizing colloidal spheres
coated with nanoparticles (either HgTe as shown here
or CdTe18) and PEs allows us to preserve the lumines-
cent properties of the NCs. By impregnation of the voids
of colloidal crystals with NCs from solution,8a the NC
luminescence is either quenched or strongly changed by
interactions between the closely packed NCs. By incor-
poration of NCs into the silica spheres through a
multistep silanization procedure,14e the luminescence of
the NCs becomes sufficiently weakened as well.

Composite Inverse Opals Prepared by Utilizing
PS-(PE3/NC)n/PE2 Colloidal Crystals as Tem-
plates. The PS-(PE3/NC)n/PE2 colloidal crystals were
used to template the formation of TiO2 inverse opals.
An IPA solution of TIP was infiltrated into the colloidal
crystals, and following solidification of TIP and calcina-

tion, composite inverse opal films were obtained. How-
ever, the use of PS-(PE3/HgTe NC)n/PE2 spheres for
inverse opal formation is different from the use of
uncoated spheres8,9 or those coated with pure PE
multilayer films:26 NCs deposited on spheres cannot be
removed in the calcination process. As a result, when
using PS-(PE3/NC)n/PE2 colloidal crystals as templates
to form TiO2 inverse opals, removal of the organic
materials (PS sphere and PE multilayers) by calcination
leaves behind not only a 3D highly ordered intercon-
nected macroporous TiO2 scaffold but also NCs (that
might be fused to form a layer, bulklike or nanocrys-
talline, depending on the nature of the NCs used and
the calcination temperature) embedded in the interior
surface of the resulting scaffold. Figure 4a shows typical
SEM micrographs of the composite TiO2 inverse opals
formed by templating PS-(PE3/HgTe NC)2/PE2 colloidal
crystals. The cracked regions of the samples exhibit

(26) Wang, D.; Caruso, F. Adv. Mater. 2003, 15, 205.

Figure 3. Photoluminescence spectra of the PS-(PE3/HgTe
NC)2/PE2 colloidal crystals collected at 90° with respect to the
excitation light beam (scattering mode, dashed curve) and from
the back side of the samples (transmission mode, solid curve).
The excitation wavelength was 514 nm, and the excitation
density was kept very low (0.05 mW cm-2, to excite only the
NCs in the bottom layers of the colloidal crystal). The dotted
curve indicates the stop band of PS-(PE3/HgTe NC)2/PE2

colloidal crystals recorded at the angle of incidence of 12°.

Figure 4. (a) SEM micrographs of the TiO2/HgTe inverse
opals formed by using PS-(PE3/HgTe NC)2/PE2 colloidal
crystals as templates. The PS spheres used are 640 nm in
diameter, and the HgTe nanocrystals are 3.5 nm in size. The
inset in a shows a high-magnification image of the top surface
of the prepared samples. The scale bar in the inset corresponds
to 500 nm. (b) High-magnification SEM image taken from a
broken area of the TiO2/HgTe inverse opal.
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ordering in the vertical direction, which reveals that the
crystal structure in the resulting film is fcc, similar to
that obtained for the PS-(PE3/HgTe NC)2/PE2 colloidal
crystals (Figure 1b). The closed pore structure on the
top surface of the inverse opal film is likely due to a
certain amount of the TIP solution being adsorbed by
the PE multilayer films at the interfacial regions
between the samples and the quartz slides, although it
was difficult to infiltrate these regions well.27 Highly
ordered macroporous structures are seen at the broken
regions (Figure 4a). SEM reveals pores, interconnected
by channels, at higher magnification (Figure 4b), which
confirms a 3D inverse opal structure. Energy-disperse
X-ray (EDX) analysis indicates the presence of Ti, O,
Hg, and Te (not shown), demonstrating the presence of
HgTe in the inverse opals after calcination; specifically,
TiO2/HgTe composite inverse opals have been con-
structed. It is rather unlikely that HgTe in this struc-
ture remains in the form of NCs, as the organic
stabilizing shells on the NCs would not withstand
heating at 500 °C under oxygen. It is also possible that
some of HgTe oxidized into HgO, or TeO, or even
HgTeO3. The center-to-center distance of the resulting
TiO2/HgTe inverse opals is 600 ( 10 nm, corresponding
to a shrinkage of 18%. The wall thickness is 40 ( 5 nm,
and the diameter of the circular channels is 95 ( 10
nm. This approach provides a simple and versatile
means that enables tailoring of the functionality of the

resulting composite inverse opals, depending on the
coating materials.

Conclusions

A series of multilayer films consisting of HgTe NCs
and PEs were coated onto PS colloidal spheres, and it
was demonstrated that these coated spheres could be
crystallized to form composite colloidal crystals. Increas-
ing the number of NC layers deposited on the spheres
leads to an increase in both the diameter and the
effective refractive index of the composite spheres, which
causes a red shift of the stop bands of the prepared
composite colloidal crystals. In the case of colloidal
crystals made from PS-(PE3/HgTe NC)nPE2, PL experi-
ments demonstrated the possibility of modifying the
emission of the HgTe NCs deposited on spheres by the
stop band of the PS-(PE3/HgTe NC)nPE2 colloidal
crystals. By infiltrating a TiO2 precursor solution into
the composite colloidal crystals, composite inverse opals
of TiO2/HgTe were constructed, with HgTe embedded
in the interior surface of the macroporous TiO2.
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