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Figure 3. Zeta potential of unmodified (a) and modified (b) SiO, particles
in ethanol with different volume of ammonia.

Zeta potential of SiO, particles. Figure 3 indicated the Zeta
potential of both unmodified (a) and modified (b) SiO,
particles in ethanol with different volume of ammonia.
It was obvious that the average value of Zeta potential of
the modified SiO, particles (-=56.6 mV) was much higher
than that of the unmodified ones whose Zeta potential was
about —48.7 mV.

The improvement of Zeta potential increased the
electrostatic repulsive force among SiO, particles,
which was useful to self-assemble into fine photonic
crystal structures by vertical deposition method. From
microcosmic perspective, as the SiO, particles deposited,
the distance among SiO, particles was shortening. When the
particles were close enough, they began to assemble into
ordered structures on the effect of the competition between
attractive force and repulsive force. For unmodified SiO,
particles, because of the weak electrostatic repulsive
force, they were prone to coagulate that resulted in the
formation of photonic crystal with more defects (Figure
4a). By contrast, stronger electrostatic repulsive force of
the modified SiO, particles can adjust the self-assembly
behavior, so the system can reach the thermostatic balanced
state. At the moment, SiO2 particles self-assembled into fine
photonic crystal with fewer defects and presented a kind
of regular hexagon structure on the surface of the photonic
crystal (Figure 4b).

From mathematical perspective, at least three crystalline
planes must be considered to determine which structure a
lattice-site is in. And an important characteristic of face-
centred cubic (FCC) structure is that each lattice-site is
connected with two {111} group crystalline planes and one
{110} group crystalline plane as shown in the truncated
octahedron (Figure 4d and 4e), which can be revealed easily
in Figure 4c. Therefore, the photonic crystal assembled
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Figure 4. SEM images of the photonic crystal self-assembled by
unmodified (a) and modified (b and c) SiO, particles. Diagrams of the
photonic crystal structures (d and e).

by modified SiO, particles possessed FCC structure with
fewer defects.

Figure 5 showed UV-Vis absorption spectra of the
photonic crystal assembled by the bimodal diameter
distribution SiO, particles (a), the unmodified (b) and
modified ones (c) respectively. The photonic crystal
assembled by the bimodal diameter distribution SiO,
particles did not exhibit obvious absorption peaks owing
to the FCC structure was not formed. But the photonic
crystal assembled by unmodified and modified SiO,
particles exhibited absorption peaks at 682 nm and 857 nm
respectively. Obviously, the absorption peak of the modified
Si0O, photonic crystal was narrower and higher than that of
the unmodified one. It was the ordered assembly of photonic
crystal that led to the narrower and higher peak, doing to
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Figure 5. UV-Vis absorption spectra of the photonic crystal assembled

by the bimodal diameter distribution (a), unmodified (b), and modified
() SiO, particles.
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during the higher Zeta potential. Moreover, compared
with the unmodified SiO, photonic crystal, the absorption
peak of the modified one had a red-shift resulting from the
increase of particle diameter. That’s because the position
of the observed absorption peak agree very well with the
diameter of SiO, particles, which can be predicted by the
Bragg’s law for the (111) family of planes:*!

}\’c = 2’\} 2/3DJ[fnSphere + (1 - f)nair] (3)

where A _is the wavelength at the peak position, D is the
average diameter of SiO, particles, f is the dielectric filling
ratio (for an ideal FCC structure, f=0.74), 0 e andn_ are
the refractive indexes of SiO, particles and air respectively
(in theoretical computation, 0 = 1.46 and n = 1).>%

Then, the absorption peak of the modified and
unmodified SiO, photonic crystal can be easily calculated,
which were 835 nm and 589 nm respectively. Thus, the
difference value between calculated value and experimental
value of the modified one (22 nm) was much less than that
of the unmodified one (93 nm), which again proved that
the photonic crystal structure assembled by modified SiO,

particles was much better.
Conclusions

Spherical SiO, particles were synthesized by controlling
the hydrolysis of Ethyl orthosilicate. It was proved that the
SiO, particles modified by the right amount of electrolyte
NaCl exhibited much higher Zeta potential in ethanol, larger
average diameter and less diameter deviation. Therefore,
the modified SiO, particles could self-assemble into fine
photonic crystal structure with fewer defects. Additionally,
UV-Vis absorption spectra indicated that the photonic crystal
assembled by bimodal diameter distribution SiO, particles
showed no obvious absorption band. On the contrary, the
photonic crystal assembled by modified and unmodified
ones showed the absorption bands at 857 nm and 682 nm
respectively. Moreover, the absorption peak of the modified
SiO, photonic crystal had a red-shift and became narrower
and higher than that of the unmodified one.
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