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Fig. S1. The absorption and emission spectra of QDs.

[\
=
T

Average Size:
9.4 nm

—
= 2]

Frequency (%)
o o

6 8 10 12 14
Particle Size (nm)

Fig. S2 The particle size distribution of QDs.
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Fig. S3. The (a) adsorption-desorption isotherm and (b) pore size distribution of SBA-15 MPs.
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Fig. S4 The (a) top-viewed STEM image of the SBA-15 MP/QD hybrid particles. (b)-(f)
Elemental Si, Se, Cd, S, and Zn mapping images of the hybrid particles, respectively, collected

from the same location of (a).
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Fig. S5 EDS spectra of SBA-15 MP/QD hybrid particles given in Fig. S4.
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Fig. S6. The (a) cross-section view and (b) top view of the three-dimensional finite-difference
time-domain (FDTD) model of a MP/QD hybrid particle, which is established in the commercial
software from Lumerical FDTD Solutions. (¢) The HRTEM image of the lateral-viewed hybrid

particle showing the distribution of QDs in SBA-15, the mass ratio of QD to MP is 1:3.

In the simulation, the FDTD method is used to solve the Maxwell’s curl equations based on the
Yee celll. The perfectly matched layer (PML) is used as the boundary conditions, which is
surrounding the FDTD calculation region for absorbing the escaping light. A transmittance box
(T-box) is used to record the electromagnetic energy that propagates through it; compared with the
emission electromagnetic energy of the dipole source, the transmittance of light escaping from the
hybrid particle is obtained. Electromagnetic field detectors are set at the top surface (E-top) and
the cross section (E-cross section) of the hybrid particle, which are utilized to record the
electromagnetic energy distributions of propagating light. A dipole source is set in the center

location inside the hybrid particle, which is regarded as the point source of QDs, its emission
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wavelength is 520 nm. The background material of the free region is the silicone. The complex
refractive index of the Si-based SBA-15 particle and CdSe/ZnS QDs are set according to
literatures?. Considering the harsh calculation requirements, the FDTD calculation region is set
with a size of 150 x 150 x 350 nm, and a simplified hybrid particle with 43 two-dimensional
hexagonal pores is established; the particle size of this hybrid particle is approximately 1/3 times
of that shown in Figure 2(d). According to the TEM image shown in Figure 2(b), the hole and wall
of the SBA-15 are set with sizes of 10 nm and 5 nm, respectively. Furthermore, 1~2 QDs are
located in one hexagonal pore per hundred nanometer shown in Figure S2(c). It is assumed that
QDs with high concentration are uniformed dispersed in the SBA-15 particle, each hole is with 3
QDs for covering the top, middle, and bottom region, totally 129 CdSe/ZnS QDs with size of 9 nm
are placed inside the hole of SBA-15 particle. The maximum mesh size is 0.05 nm to ensure the
simulation accuracy and the simulation time is set large enough to ensure energy convergence ( <

0.001%).
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Fig. S7. The electromagnetic field of escaping light at locations with different distance from the

top surface of a MP/QD hybrid particle. The electromagnetic field is (a) 0 nm, (b) 5 nm, (c) 8 nm,

and (d) 12 nm away from the top surface of the hybrid particle.
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Fig. S8. The radiant power of LEDs using MP-only composites with various MP concentrations.

S
<

Luminous Flux (Im)
w w
= h

[ 5]
7]

0.0 0.5 1.0 15 20 25 3.0
Concentration of MCM-41 (wt%)
Fig. S9. The luminous flux of LEDs using MP/QD hybrid composites of various MCM-41

concentrations; the QD concentration is 0.3 wt%.
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Fig. S10. The (a) radiant power of chip light, (b) radiant power of QD light, and (c) QD light

proportion (ratio of radiant power of QD light to that of the total light) for LEDs using MP/QD

hybrid composites of various concentrations.
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Fig. S11. The CIE 1931 coordinates of white LEDs with QD concentration of 1 wt% and SBA-15

MPs of various concentration.
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Fig. S12. The spectra of LEDs using MP/QD hybrid composites with various concentrations. The

concentrations of the QDs are (a) 0.1 wt%, (b) 0.3 wt%, (c) 0.5 wt%, and (d) 1.0 wt%.
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